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Preface 

The Intergovernmental Panel on Climate Change (IPCC) in its Sixth Assessment 
Report (2021) has reiterated the need for concerted actions in reducing the emissions 
of greenhouse gases on the one hand, and the need to intensify efforts to adapt to a 
changing climate on the other. The Conference of the Parties of the UN Framework 
Convention on Climate Change (UNFCCC) during its 27th meeting, held in Sharm 
el-Sheikh, Egypt in late 2022, emphasised the need for action towards achieving 
the world’s collective climate goals as agreed under the Paris Agreement and the 
Convention. 

There is a consensus about the urgency to systematically implement climate 
change strategies, and to ensure that they provide a concrete contribution towards 
mitigation and adaptation efforts. In this context, it is important to document and 
promote experiences in both areas. Against this background, this book reports on a 
set of works being undertaken at an international scale, where elements of climate 
change mitigation and adaptation are being implemented. The book is structured in 
two parts. 

Part 1—Assessing Climate Change Impacts 
Part 2—Implementing Mitigation and Adaptation Measures 

By means of detailed case studies from Africa, the Caribbean, Asia, and Europe, 
and through a broader scale synthesis, which collates insights from across sectors and 
countries, the book pays special attention to evidences, which illustrate how climate 
change mitigation and adaptation strategies are being implemented, and indicate 
trends and contexts that might prove helpful in guiding future efforts. 

We wish to thank all the authors who provided valuable contributions to this book, 
for their time and effort. We also thank many reviewers who supported the process. 
Their cooperation was crucial for the preparation of the book and its final publication.
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vi Preface

We hope the experiences gathered in this book may support future initiatives on 
climate change mitigation and adaptation, and inspire future work in these key areas. 
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Assessing Climate Change Impacts



Chapter 1 
Impact of Climate Change and Its 
Adaptation in the Semi-arid 
Environment of Flood-Prone Dechatu 
Catchment, Dire Dawa, Ethiopia 

Girma Berhe Adane , Asfaw Kebede Kassa, Abebe Teklu Toni, 
Shiwandagn Lemma Tekle, and Walter Leal Filho 

Abstract This study aims to assess the future trends, and magnitude of climatic 
factors (temperature and rainfall) using different representative concentration path-
ways (RCP4.5 and RCP8.5) integrated with the identification of existing climatic 
adaptation practices in the Dechatu catchment, Ethiopia. Four global/derived 
regional climatic models (GCMs/RCMs)—CanESM2, CNRM-CM5, EC-EARTH 
and MIROC5—were used to understand the changes in temperature and rainfall 
(2025–2075); and their trend using the Trend-Free Pre-Whitening Mann–Kendall 
test. The highest annual daily peak rainfall was identified in all models. However, 
none of the rainfall data series exhibited a trend at a 5% significance level except 
in CanESM2 of RCP8.5. In contrast, a significant monotonic increase in tempera-
ture is forecasted in all RCMs, with higher temperature increments (1–1.50 °C in 
RCP8.5) in a 25-year interval. Water management, as an adaptation option to climate 
extremes, is considered in the semi-arid environment of Dechatu. Among others, the 
use of traditional hand-dug wells, flood plain excavation (locally named Chirosh) as  
drinking water sources, floodwater diversion, contour farming and dropping of shrub 
branches on the river banks to conserve transported soils are included. Therefore, 
integrating the local adaptation with conventional water management practices will 
reduce the impacts of climate change.

G. B. Adane (B) · A. K. Kassa · A. T. Toni · S. L. Tekle 
School of Water Resource and Environmental Engineering, Haramaya Institute of Technology, 
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Introduction 

Climate variability and change are one of the major environmental challenges of 
the twenty-first century, posing a threat to human well-being (Wuebbles 2018). The 
increase in the concentration of greenhouses gases in the atmosphere contributes 
to a potential change and variability in climate, particularly in precipitation and 
temperature (Rind et al. 1989), and global warming is indeed occurring (IPCC 2014a, 
b). Shewmake (2011) explained that the changes in rainfall patterns and shifts in 
temperature zones are expected to increase the frequency and intensity of climate-
related extremes in Sub-Saharan Africa (Ringler 2008). Across the globe, an increase 
in frequency and intensity of extreme events like floods, droughts, heatwaves, etc. 
may be anticipated as a result of climate change (IPCC et al. 2021). Future climate 
change projection also shows that food security will be affected in the drylands of 
Africa and in the high mountain regions of Asia and South America (Porter et al. 
2015; Mbow et al.  2019). 

The rainfed agricultural practice in Africa is adversely impacted by climate change 
due to flooding in coastal areas, water scarcity in arid/semi-arid areas, a decline in 
agricultural production, worsening desertification inland with low adaptive capacity, 
and poor infrastructural developments which mitigate the impacts (Mendelsohn and 
Dinar 2003; Shewmake 2011). Furthermore, indigenous and local ecological knowl-
edge of climate adaptations are side-lined in policymaking and implementation in 
Africa, particularly in indigenous communities, and climate change has therefore 
caused a significant strain on those communities (Leal Filho et al. 2021). Therefore, 
to cope with negative climatic influences, it is necessary to integrate the conventional 
weather forecasting systems and climate information and policies with the local and 
indigenous knowledge. 

Teshome and Zhang (2019) have demonstrated that there is an increase in extreme 
drought events in Ethiopia as a result of changes and trends of climate extremes. 
Moreover, various studies have revealed that prolonged heat stress as a result of 
high-temperature extremes could impact terrestrial biota, livestock and human lives 
(Kilbourne 1999; Basu and Samet 2002; Argaud et al. 2007). Billi et al. (2015) 
have pointed out that an increase in rainfall intensity has caused an increase in the 
frequency of occurrence of flash floods in Dire Dawa, when compared to the land 
use change effects due to anthropogenic impacts. 

The semi-arid climate of Dire Dawa city has experienced more than 11 major flash 
flood events since 1945; the 2006 flooding event caused numerous fatalities (339 
human deaths) and displacements (9027) of people (Erena and Worku 2018). Conse-
quently, to reduce and cope with the negative impacts of the climate extremes in the 
Dechatu catchment, it is necessary to understand the future precipitation and temper-
ature patterns, as well as the trends and magnitude, including identification of best 
existing practices for water management. As such, climate adaptation mechanisms 
play a substantial role in planning and developing effective adaptation strategies to 
mitigate climate extremes.
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Aims and Objectives 

This chapter aims to highlight the future prediction, trends, and magnitude of climatic 
factors (temperature and precipitation) on a seasonal and annual basis using different 
emission scenarios or representative concentration pathways (RCP4.5 and RCP8.5), 
in line with identifying the existing climatic adaptation options—specific to water 
management aspects—in the flood-prone Dechatu catchment, Dire Dawa, Ethiopia. 

Materials and Methods 

Study Area 

Dechatu Catchment (DC) is part of the Dire Dawa City Administration situated in 
the eastern part of Ethiopia. Geographically, the area is located between 09° 28.1''
to 09° 49.1'' N Latitude and 41° 38.1'' to 42° 19.1'' E Longitude (Fig. 1.1). The area 
is characterized as having a semi-arid climate with a relatively low level of rainfall, 
with the frequent occurrence of flash flooding from the upper catchment of Dechatu. 
The mean annual rainfall ranges between 812 mm in the highlands to 612 mm at 
the foothills of Dire Dawa city. The Dechatu catchment (149.83 km2) includes 4 
sub-watersheds (Chiri, Alla, Dure and Gogeti); it experiences river flows only when 
there is rainfall in a catchment, and it is characterized as a dry river bed with no 
flowing water on the surface.

Data Used 

Four regional climate models, with a spatial resolution of 0.44° for the RCP4.5 
and RCP8.5 emission scenarios, were used, as shown in Table 1.1. The ensemble 
mean data is available in the context of the Coordinated Regional Climate Down-
scaling Experiment (Giorgi et al. 2009) over Africa at 0.44° resolution for the period 
1950–2100 and it has already been used throughout Africa (Nikulin et al. 2012, 
2018; Gbobaniyi et al. 2014; Dosio  2017; Osima et al. 2018). The daily observed 
and the GCMs data from 1981 (considered as historical data) were overlapped and 
bias-corrected to predict the future climatic scenarios (2025–2075) of RCP4.5 and 
RCP8.5.
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42°0'0"E41°58'0"E41°56'0"E41°54'0"E41°52'0"E 
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Fig. 1.1 Location map of Dechatu catchment, Dire Dawa Administration, Ethiopia

Table 1.1 Summary of the applied Regional Climate Models (RCMs) and their driving Global 
Climate Models (GCMs) (http://wcrpcordex.ipsl.jussieu.fr/) 

GCMs RCMs Institution/source/ URL 

CanESM2 CanRCM4_r2 Canadian Centre for Climate 
Modeling and Analysis 
(CCCma) 

http://climate-modelling.can 
ada.ca/ 

CNRM-CM5 CCLM4-8-17_v1 Climate Limited-area 
Modelling 
Community (CLMcom) 

https://esg-dn1.nsc.liu.se/ 

EC-EARTH CCLM4-8-17_v1 Climate Limited-area 
Modelling 
Community (CLMcom) 

https://esg-dn1.nsc.liu.se/ 

MIROC5 RCA4_v1 Rossby Centre, Swedish 
Meteorological and 
Hydrological 
Institute (SMHI) 

https://esg-dn1.nsc.liu.se/

http://wcrpcordex.ipsl.jussieu.fr/
http://climate-modelling.canada.ca/
http://climate-modelling.canada.ca/
https://esg-dn1.nsc.liu.se/
https://esg-dn1.nsc.liu.se/
https://esg-dn1.nsc.liu.se/
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Methods 

The daily rainfall, daily peak, monthly and annual rainfall data were used where 
needed. In addition, the annual maximum and minimum temperature data were 
generated from the daily data set. The bias correction was adjusted using the past 
daily-observed rainfall and temperature data (1981–2014) using the power transfor-
mation function (for future rainfall data) and variance scaling methods (for future 
temperature data) via CMhyd software. The Tukey fence method is used to adjust the 
outliers of the rainfall records between 2025 and 2075. The projected temperature 
anomaly change (/\T in °C) and rainfall characterization at different time-scales were 
analysed using various statistical methods, including the projected trend test via the 
Trend-Free prewhitened Mann–Kendall (TFPW-MK) test. When the time series data 
were not random and influenced by autocorrelation, the trend component is removed 
from the data and is prewhitened before the application of the trend test (Yue et al. 
2002). This test analysis was performed using R-Studio Version 1.4.1103. All the 
graphs in these sections are plotted using Matlab R2020a and the method used for 
various future climatic models is summarized in Fig. 1.2. 

Fig. 1.2 Methodological framework used for the study
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Climate Change Adaptation and Mitigation Mechanisms 

In this study, various indigenous and local climate change adaptation and mitigation 
measures in the semi-arid catchment of Dire Dawa were identified. Major causes 
or challenges of climate change, including under rainfed and irrigation systems and 
the local mitigation practices for flash flood water management, were investigated 
via field surveys and the review of various documents for the catchment. In addi-
tion, aerial coverage and the types of existing best management practices (BMPs) 
to control soil erosion, moisture conservation and groundwater recharging mecha-
nisms were identified using field surveys, digital elevation model (DEM) data, land 
use shapefile, google imageries, and high-resolution satellite imageries downloaded 
using SAS Planet program. 

Results and Discussion 

Temperature Anomaly (ΔT in °C) of DRC 

The term temperature anomaly (Tanomaly) is defined as a deviation from a long-
term average, with positive/negative Tanomaly values, indicating that the observed 
temperature was warmer/cooler than the reference value (Pyrgou et al. 2019). 

The linear regression results of the GCMs temperature records show an incre-
ment in temperature anomaly in both RCP4.5 and RCP8.5. Comparing the emission 
scenario types, the RCP8.5 showed a higher temperature increment on a yearly basis 
(Table 1.2). 

In every 25-year interval (2025–2050 and 2050–2075), a minimum of 0.5 °C 
(in MIROC5 and CNRM-CM5) and a maximum of 0.75 °C (in CanESM2) mean 
temperature increments are observed using RCP4.5. Similarly, the RCP8.5 mean 
temperature anomaly changes range from 1.00 °C (in CNRM-CM5 and EC-EARTH) 
to 1.50 °C in CanESM2 in every 25-year interval. Also, 1.3 °C increments in mean

Table 1.2 Temperature anomaly change in every year (°C/yr) 

GCMs RCP4.5 RCP8.5 

Tmax Tmin Mean Tmax Tmin Mean 

CanESM2 +0.03 +0.03 +0.03 +0.07 +0.05 +0.06 

CNRM-CM5 +0.03 +0.01 +0.02 +0.05 +0.03 +0.04 

EC-EARTH +0.04 +0.01 +0.03 +0.05 +0.03 +0.04 

MIROC5 +0.02 +0.02 +0.02 +0.05 +0.04 +0.05 

Tmax: Maximum temperature in °C; Tmin: Minimum temperature in °C 
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temperature are depicted in the MIROC5 data set for a given interval (Fig. 1.3 and 
Table 1.2). This indicates that the heat stress in the catchment is imminent unless 
appropriate biological and physical soil and water conservation measures for soil 
moisture retention and recharging of groundwater, including afforestation practices, 
are utilised in the catchment.

Future Scenario for Rainfall Analysis 

The annual daily peak rainfall (ADPRF) data series of four GCMs rainfall data 
series showed that higher rainfall records between 2036 and 2064 will be detected 
in RCP4.5 of CanESM2. Similarly, in CNRM-CM5 of RCP4.5, the highest annual 
daily peak rainfall was predicted in 2040, 2053 and 2065. A higher forecast of rainfall 
records was identified in RCP8.5 of EC-EARTH (2031, 2054, 2065 and 2069) and 
MIROC5 (2025–2038), respectively (Fig. 1.4).

The linear regression of the ADPRF trends (RCP4.5 and RCP8.5) shows 4- and 7-
mm increments in CanESM2 and 4.6- and 2.31-mm increments in MIROC5 in every 
25-year interval (Table 1.3 and Fig. 1.4). EC-EARTH rainfall forecast depicted a 
decrease in rainfall in both RCPs. However, in the CNRM-CM5 rainfall records, it 
showed an alternative increment in RCP8.5 (1.03 mm) and a decrease (−2.24 mm) 
in every quarter of the century. In general, the annual daily peak rainfall amounts 
showed very high variability yearly, even though the linear regression values showed 
a relatively small increment or decrement in every 25-year intervals (Table 1.3).

Seasonal and Annual Rainfall Analysis 

The mean annual rainfall records for various emission scenarios (RCP4.5 and 
RCP8.5) exhibited lower estimates in MIROC5 and maximum estimates in CanESM2 
for the data analysis range of 2025–2075. The mean annual rainfall ranges between 
2025 and 2050 are 421 mm/yr in MIROC5and 740 mm/yr in EC-EARTH and the 
lowest in MIROC5 (498 mm/yr) and the highest (754 mm/yr) in CanESM2 for 
RCP4.5 and RCP8.5, respectively. In addition, the lowest (in MIROC5) and the 
highest (in CanESM2) mean annual rainfall between 2050 and 2075 range from 489 
to 714 mm/yr in RCP4.5 and 464–1009 mm/yr in RCP8.5 (Table 1.4, Figs.  1.5 and 
1.6). The box plot shows the median, quantile, and range of areal-averaged rainfall 
using various GCM Models (2025–2075) illustrated in Figs. 1.5 and 1.6.

The bimodal rainfall characteristics of DRC are explained using the seasonal 
(March–April-May designated as MAM and July–August-September designated as 
JAS seasons) and annual rainfall conditions. The largest quantile range—between 
a lower and upper quantile—of rainfall was forecasted in the MAM season of 
CanESM2 in all four types of the model from 2025 to 2075 in both RCPs except in 
EC-EARTH of the RCP4.5 records of JAS season (Figs. 1.5 and 1.6). The lowest
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Table 1.3 Linear regression 
of the annual daily peak 
rainfall trends in every 25 
years (2025–2100) 

GCMs Rainfall changes in 25 years interval 
(mm) 

RCP4.5 RCP8.5 

CanESM2 3.59 6.55 

CNRM-CM5 −2.24 1.03 

EC-EARTH −1.38 −3.17 

MIROC5 4.60 2.31

Table 1.4 Seasonal and annual rainfall deviation of Dechatu catchment under various GCMs 
(2025–2075) 

GCMs MAM JAS Annual MAM JAS Annual 

SD (RCP4.5 of 2025–2050) SD (RCP8.5 of 2025–2050) 

CanESM2 219 115 326 210 136 309 

CNRM-CM5 120 89 240 105 102 178 

EC-EARTH 168 117 329 180 105 167 

MIROC5 86 60 143 167 137 206 

SD (RCP4.5 of 2050–2075) SD (RCP8.5 of 2050–2075) 

CanESM2 195 134 255 331 135 548 

CNRM-CM5 172 88 287 158 92 170 

EC-EARTH 154 107 233 152 116 201 

MIROC5 105 128 198 63 72 196 

SD Standard Deviation; MAM March–April–May seasons; JAS July–August–September seasons

standard deviation (SD) of the projected rainfall under different emission scenarios 
and GCMs for a period of 2025–2050 (the MAM season) are observed in MIROC5 
(RCP4.5) and CNRM-CM5 (RCP8.5), respectively (Table 1.4). In the JAS season, 
the MIROC5 and CNRM-CM5 show the lowest SD in RCP4.5 and RCP8.5, respec-
tively. Moreover, the annual rainfall records depicted a lower dispersion in MIROC5 
in RCP4.5 and CNRM-CM5 in RCP8.5 (Table 1.4). 

Considering the period from 2050 to 2075, the largest rainfall quantile (25–75% of 
the rainfall data) ranges are observed in RCP4.5 emission scenarios of CNRM-CM5 
(in MAM season), CanESM2 (in JAS season) and MIROC5 (in annual rainfall data), 
respectively. The RCP8.5 emission scenario of this period is also explained, as the 
largest quantile ranges in CanESM2 (MAM season) and EC-EARTH (JAS season 
and annual rainfall series) were observed (Fig. 1.6). Furthermore, the lowest SD in 
the RCP4.5 emission scenario was noted in MIROC5 during the MAM season and 
annual rainfall records. However, in the RCP8.5 emission scenarios, the MIROC5 
climatic data experienced a lower dispersion from the mean in the MAM and JAS 
seasons. Similarly, the projected annual rainfall records in CNRM-CM5 also showed 
a lower SD (Table 1.4).



1 Impact of Climate Change and Its Adaptation in the Semi-arid … 13

F
ig
. 1
.5
 
B
ox
 p
lo
t s
ho
w
in
g 
th
e 
m
ed
ia
n,
 q
ua
nt
ile
, a
nd
 r
an
ge
 o
f 
ar
ea
l-
av
er
ag
ed
 r
ai
nf
al
l u

si
ng
 v
ar
io
us
 G
C
M
 M

od
el
s 
(2
02
5–
20
50
)



14 G. B. Adane et al.

F
ig
. 1
.6
 
B
ox
 p
lo
t s
ho
w
in
g 
th
e 
m
ed
ia
n,
 q
ua
nt
ile
, a
nd
 r
an
ge
 o
f 
ar
ea
l-
av
er
ag
ed
 r
ai
nf
al
l u

si
ng
 v
ar
io
us
 G
C
M
 M

od
el
s 
(2
05
0–
20
75
)



1 Impact of Climate Change and Its Adaptation in the Semi-arid … 15

Table 1.5 TFPW-MK trend test for annual daily peak rainfall series for future scenarios of RCP4.5 
and RCP8.5 (2025–2075) 

GCM Z-value Sen’s Slope Old Sen’s Slope P-value S Tau 

RCP4.5 

CanESM2 0.93 0.06 0.00 0.35 205.00 0.07 

CNRM-CM5 −0.16 −0.02 −0.03 0.88 −35.00 −0.01 

EC-EARTH −0.56 −0.09 −0.02 0.58 123.00 −0.04 

MIROC5 1.79 0.21 0.17 0.07 393.00 0.14 

RCP8.5 

CanESM2 2.24a 0.26 0.23 0.02 491.00 0.18 

CNRM-CM5 0.55 0.05 0.01 0.58 121.00 0.04 

EC-EARTH −0.89 −0.10 −0.11 0.37 195.00 −0.07 

MIROC5 1.83 0.26 0.20 0.07 401.00 0.14 

aShows trend 

Rainfall Trends Using the TFPW-MK Test 

The trend and magnitude of the annual daily peak rainfall were tested using a modified 
MK (TFPW-MK) test. The lag-1 autocorrelation coefficient of annual daily peak 
rainfall records for the period of 2025–2075 was found to be within the recommended 
interval of the autocorrelation factor. Therefore, it can be concluded that the time 
series data of rainfall does not exhibit a significant autocorrelation. Then, testing 
using MK is acceptable after checking the autocorrelation of the data to avoid the 
biases of the MK test. At a 5% significance level, the annual daily peak rainfall 
records showed that none of these GCM rainfall data series exhibited a significant 
trend, except CanESM2 in RCP8.5, even though linear trends with increasing patterns 
have been detected using the linear regression model (Table 1.5). Daily peak rainfall 
records with increasing trend was noted in RCP4.5 (CanESM2 and MIROC5) and 
decreasing trends in CNRM-CM5 and EC-EARTH, respectively. Similarly, only 
EC-EARTH rainfall data records showed a decreasing trend in the RCP8.5 emission 
scenario (Table 1.5 and Fig. 1.4). 

Temperature Anomaly Trends Using the TFPW-MK Test 

The annual maximum and minimum temperature anomaly series for both emission 
scenarios were analyzed using a modified MK (TFPW-MK) test. The same proce-
dure was followed for detecting the trends of temperature data as was used for the 
rainfall analysis. The time-series temperature data, except for the minimum temper-
ature data of EC-EARTH with emission scenarios of RCP4.5, showed a significant 
autocorrelation at a 5% significance level. This shows that the lag-1 autocorrelation
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coefficient is found to be outside the interval recommended between the lower and 
upper bound. Therefore, pre-whitening of the data was performed and tested with 
MK. The minimum and maximum temperature trends of the Dechatu catchment 
showed that there is a significant monotonic increase in trends of temperature at a 
5% significant level with the change in anomaly as explained in Fig. 1.3, Tables 1.6 
and 1.7. 

Table 1.6 TFPW-MK trend test for annual maximum temperature anomaly series for future 
scenarios of RCP4.5 and RCP8.5 (2025–2075) 

GCM Z-value Sen’s Slope Old Sen’s Slope P-value S Tau 

RCP4.5 

CanESM2 4.63 0.03 0.03 0.00 555.00 0.45 

CNRM-CM5 5.40 0.03 0.03 0.00 647.00 0.53 

EC-EARTH 5.84 0.04 0.04 0.00 699.00 0.57 

MIROC5 5.40 0.03 0.03 0.00 647.00 0.53 

RCP8.5 

CanESM2 7.51 0.07 0.07 0.00 899.00 0.73 

CNRM-CM5 7.49 0.05 0.05 0.00 897.00 0.73 

EC-EARTH 7.51 0.07 0.07 0.00 899.00 0.73 

MIROC5 7.49 0.05 0.05 0.00 897.00 0.73 

Table 1.7 TFPW-MK trend test for annual minimum temperature anomaly series for future 
scenarios of RCP4.5 and RCP8.5 (2025–2075) 

GCM Z-value Sen’s Slope Old Sen’s Slope P-value S Tau 

RCP4.5 

CanESM2 4.85 0.03 0.03 0.00 581.00 0.47 

CNRM-CM5 3.48 0.01 0.01 0.00 417.00 0.34 

EC-EARTH 4.85 0.03 0.03 0.00 581.00 0.47 

MIROC5 3.48 0.01 0.01 0.00 417.00 0.34 

RCP8.5 

CanESM2 7.60 0.05 0.05 0.00 909.00 0.74 

CNRM-CM5 6.22 0.03 0.03 0.00 745.00 0.61 

EC-EARTH 7.60 0.05 0.05 0.00 909.00 0.74 

MIROC5 6.64 0.04 0.04 0.00 795.00 0.65
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Climate Change Hazards, Adaptation and Mitigation 
Mechanisms 

Climate Change Hazards 

Farmers are aware of the climate change and variabilities in Eastern Ethiopia, which 
includes the semi-arid environment of the Dechatu catchment (Kidanu et al. 2016; 
Tesfaye and Seifu 2016; Mohammed 2018). This area is known for its extended dry 
spells in the rainy seasons, drought, extreme heat, and intensive agricultural practices 
in the hilly part of the catchment. It is further characterized by low productivity, a 
shortage of grazing land to feed cattle, and flash flooding as the direct influences 
of climate change in the area (Alemu 2015; Erena and Worku 2018). The projected 
finding reveals that there is variability in rainfall and an increase in temperature 
trends in the Dechatu catchment. This result concurs with the findings of Kidanu 
et al. (2016) using the past historical climatic trends of the Dechatu Catchment. 

Water Management for Climate Adaptation and Mitigation 

The heat stress and the scarcity of water during most of the productive season has 
forced the farmers in the region to look for the best water management options of 
adaptation and mitigation measures in the Dechatu catchment. However, the available 
soil and water management practices are limited in number and types to ensure 
resilience in communities that cope with the negative impact of climate change. 
Based on the field survey data in the catchment, the following moisture-retaining 
structures were identified for conserving the eroded soil and controlling runoff water, 
which can be used for either agricultural or recharging purposes (Table 1.8). 

In comparing the entire catchment coverage (14,983 ha) from the GIS extracted 
data, the existing BMPs that were constructed to manage the water resources via 
water retention structures and mitigate the climate accounted for 17.4% (2,614 ha) 
of the total catchment area. The catchment is dominated by hilly topography, and the

Table 1.8 Existing best 
management practices 
(BMPs) in the Dechatu 
catchment 

Existing BMPs Land-use type Area (ha) 

Check dam Bare land 31.5 

Shrubland 72.6 

Terrace Cultivated 929.5 

Cultivated Khat 827.2 

Shrubland 715.3 

Terrace and trench Shrubland 19.6 

Trenches Shrubland 17.8 

Total 2613.5 
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coverage of the existing water management practices is too small compared to the 
catchment size. In line with the above soil and water conservation measures (Table 
1.8), the farmers use various adaptation and mitigation measures for climate change. 
Among these, the major practices used in the catchment include: traditional hand-
dug wells to fetch the stored water in sandy soil during the rainy season and use it 
later in the dry period, shallow-depth excavation on the flood plain (locally named 
as Chirosh) for drinking water purpose, spate irrigation using floodwater diversion, 
contour farming, dropping shrub/tree branches on the river banks to conserve trans-
ported soils and cultivate the land 2–3 years later are prolifically used practices in 
the catchment. Some conventional water management practices, like constructing 
sand storage dams (currently one sand storage dam is identified), along the river 
course are implemented in the area with farmers’ participation, regional climate and 
environmental offices, and other governmental and non-governmental bodies. These 
practices improve the resilience of the farmers to a changing climate in the region. 
Furthermore, the changing cropping patterns, crop types and varieties (short-duration 
and drought-tolerant crops), and crop diversification are also used as climate adapta-
tion strategies as farm-level solutions in the semi-arid climate of Dire Dawa (Kidanu 
et al. 2016; Tesfaye and Seifu 2016). 

Field et al. (2014) suggested an adaptation action that is either incremental or 
transformative, depending on the severity and frequency of extreme weather and 
climatic impacts (Loboguerrero et al. 2019). For example, with less climatic impacts, 
farmers in the Dechatu catchment can decide to change crop type to those requiring 
less water for the effective management of water resources, while more severe and 
frequent climatic impacts might force them to adopt transformative adaptive options. 
Furthermore, local solutions to climate change adaptation practices in the Dechatu 
catchment such as effective landscape-planning (development of small reservoirs, 
sediment storage dams, sand dams, irrigation development, irrigation water-saving 
technologies) must be implemented in a sustainable manner for all affected, including 
downstream users. In this catchment, groundwater is a major source of water for 
irrigation and other purposes; consequently, careful planning is required to avoid 
abstraction impacts that may cause a decrease in the groundwater reserves. 

Conclusions 

In this study, we assessed the future trends and magnitude of climatic parameters -
mainly temperature and rainfall - and integrated them with the existing climate adap-
tation options for water management practices in the flood-prone Dechatu catchment, 
Ethiopia. The key findings of this study show that the projected rainfall exhibited 
high variability, but none of the rainfall data series exhibited a trend at a 5% signif-
icance level except in CanESM2 of RCP8.5. A significant monotonic increase in 
temperature is forecasted in all RCMs and higher in RCP8.5. This explains that heat 
stress in the catchment is imminent unless appropriate interventions are adopted to
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avert the negative impacts of climate change. Incremental or transformative adapta-
tion action is required to ensure effective water management practices, depending on 
the severity and frequency of extreme weather and climatic impacts in the semi-arid 
catchment of Dechatu. 

Recommendations 

• Establishment of local hydrological, weather, and climatic information services 
to reduce the impact caused by flash flooding through understanding the trends 
and seasonal/annual variability in order to effectively plan the water resources in 
the catchment. 

• Implementation of water-saving technologies and landscape planning to minimize 
the groundwater abstraction impacts. 

• Traditional and local knowledge requires a deliberate framework and approach to 
be considered in policy development, and in order to implement climate change 
adaptation strategies in line with the conventional water resource management 
approach. 

• Mainstreaming the adaptive scaling approach to reduce competition for the scarce 
water among sectors in the catchment can create a resilient community that adapts 
to the negative impacts of climate change. 

• As a limitation, this paper is more focused on the technical and traditional water 
management practices as mitigation mechanisms to climate extremes (flood, 
drought, heat stress, etc.) in the Dechatu Catchment. Therefore, further investiga-
tion on other indigenous coping mechanisms—traditional weather forecasting 
systems, use of wild edible fruits as a nutritional supplement and traditional 
medicines and use of indigenous crops, among others—to climate change and 
how these communities use the natural resources or habitats wisely as adaptation 
strategies to ensure their survivals under extreme conditions. 

Cross-References 

• Climate change 
• Rainfall variability 
• Temperature anomaly 
• Climate adaptation 
• Climatic model. 
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Chapter 2 
Online Consumption Impact: 
Sustainable Practices of Young Adults 
Facing Climate Change 
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Abstract The purpose of this paper is to understand the differences in perspectives 
among young adults who practice sustainable consumption by shopping in the digital 
environment and to emphasize the importance of this practice as a strategy to curb 
climate change. The study was developed with a quantitative approach and used a 
survey procedure involving higher education students in the north of Santa Catarina, 
Brazil. The data was analyzed using frequency statistical tests, analysis of variance 
(ANOVA), and bivariate. Two hypotheses were tested: the first included a younger 
the sample of individuals with a greater emphasis on sustainable consumption and the 
second included women that would be more susceptive to sustainable consumption 
online. The study allows us to state that women are more concerned with consuming
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local products both online and locally. Additionally, there is a small group of people 
between the ages of 26 and 28 who are interested in knowing the company back-
grounds and their managers’. This group includes, albeit timidly, young adults among 
who practice sustainable consumption online. Given this study, it can be concluded 
that individuals are advanced in terms of awareness concerning lifestyle change and 
can help to reduce the global impacts of climate change. 

Introduction 

Sustainable consumption occurs when people value a connection with the reduction 
of impacts on the environment. These values become visible when social changes 
caused by natural disasters, psychological aggressions, and medical care emergencies 
occur (Forbes 2017). In general, such striking events change consumption patterns 
and increase sustainable trends (Alexa et al. 2021). 

It is known that sustainable consumption is widely discussed among young adults 
(Annunziata et al. 2019). This audience, affected by quarantine and social distancing, 
is more active on the internet and therefore, makes more online purchases (Hladikova 
and Hurajova 2020). 

The beginning of the COVID-19 pandemic was marked by an increase in consump-
tion based on fear and insecurity in an emergency situation. After this phase, 
purchases decreased (Cohen 2020). However, innovative and creative purchasing 
strategies emerged. Among these purchasing strategies, the increase in online 
purchases and an increase in awareness and a sense of responsibility in regards to 
sustainability issues and the impacts generated by their consumption (Degli Esposti 
et al. 2021). 

We believe that the new generations are aware of the impacts of consumption on 
climate change and that this concern is expressed through the concept of sustainable 
consumption and attitudes that still need to evolve. This happens slowly, because 
with young people comes several cultural and social practices based on consumerism 
which hinder significant changes aimed at climate adaptation. Such as: the acquisition 
of goods with a lower environmental footprint, services with lower carbon emissions 
and appreciation of local products that are not always part of the mainstream of 
consumption by young people, for example. 

Young people are exposed from an early age to consumption appeals. The begin-
ning of their adult phase (from 18 years old in Brazil, which is the framework of this 
study) is when young people begin to make purchasing decisions. Despite bearing the 
influence of society, family, and friends in their behavior, young people are commonly 
considered drivers of the sustainability movement (Ziesemer et al. 2021). Further-
more, young adults recognize the need to buy less, maintain a healthier lifestyle, and 
adapt better consumption habits in the “new normal” (Korsunova et al. 2021). Thus, 
for this study, the following hypothesis is advanced (H1): Younger consumers are 
more concerned with sustainable consumption.



2 Online Consumption Impact: Sustainable Practices of Young Adults … 25

Studies also show that young women have been more committed to sustainability 
issues since the beginning of the COVID-19 pandemic, especially if they have been 
exposed to responsible consumption practices since their childhood (Degli Esposti 
et al. 2021). They stand out for consuming second-hand clothes and accessories with 
sustainable raw materials (Bianchi and Gonzales 2021) and are also more willing to 
change their eating patterns to become more sustainable (Robu et al. 2021). Thus, the 
second hypothesis proposed (H2) is: The female audience is more likely to consume 
sustainable products and services online. 

This work was structured on a theoretical framework regarding sustainable, digital 
and young adult consumption. We then addressed the methodological aspects, the 
presentation of results, their discussion and then, the final considerations. 

Sustainable Consumption 

Consumption began in the sixteenth century, when communities exchanged 
consumer goods amongst themselves. At that time, consumption was restricted to 
meet human needs, especially food, clothing, and personal care products. However, 
after the industrial revolution and the development of mass production, there was a 
variety of products to offer. Thus, forms of consumption with other purposes were 
developed, such as for status, collecting, and accumulating, among others (Souza 
et al. 2019). 

The emergence of multiple options for products and services turned consumption 
cheaper, trivialized, and brought consequences to society and the environment (Silva 
et al. 2017). One of the ways to deal with the consequences of society’s excess 
consumerism, is to discuss sustainable consumption (Lira 2018). 

Sustainable consumption advocates for reducing the use of natural resources and 
raw materials in the cycle of products and services (Annunziata et al. 2019). The 
life cycle consists of the extraction of raw material for production, product manu-
facturing, shipping to the final consumer, durability, and recycling (Lemos 2020). 
In this connection, sustainable labeling becomes a way to protect the planet and is 
also a market strategy (Janßen and Langen 2017). In addition, such products and 
services are powerful tools to inform society, since they provide consumers with an 
understanding of the social, ethical, and environmental impacts of their consumption 
(Van Loo et al. 2017). 

Since the beginning of the COVID-19 pandemic, there have been changes in 
consumption dynamics due to social isolation. The first phase of the pandemic was 
marked by irrational consumption caused by the fear of a shortage of goods. After 
this period, some habits surveyed indicate that there was a creative and innovative 
consumption practices trial. People started to prepare their own food, consume more 
local products, give a certain preference to products with a sustainable supply chain, 
and buy more products online (Degli Esposti et al. 2021).
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People became more aware of their relationship with nature and their consumption 
responsibility with regard to environmental impacts since the beginning of COVID-
19. This attitude favored the adoption of ecological criteria in everyday consumption 
practices and accelerated the transition to sustainable consumption (Cohen 2020). 

In this connection, young adults can be considered the main target of campaigns 
aimed at reducing consumption given that youngsters tend to reflect on the social 
and environmental aspects when choosing products and services for consumption 
(Ziesemer et al. 2021). Since the beginning of the COVID-19 pandemic, this audience 
has made an important observation: the economic system should be driven less by 
consumption (Korsunova et al. 2021). 

Methodological Aspects 

In order to understand the vision of the digital consumer regarding sustainable 
consumption, a survey was developed using a questionnaire consisting of 8 closed 
questions hosted in Google Form and distributed via social networks (WhatsApp, 
Instagram and Facebook) through the snowball technique. The target audience of the 
study met three inclusion criteria: be a higher education student in the north of Santa 
Catarina, Brazil; be between 18–28 years old, and purchase sustainable products 
online. Data was collected over a period of 30 days, in April 2021. A total of 218 
responses were obtained. 

For analytical purposes, respondents were divided into three age groups: 18– 
21 years old; 22–25 years old; and 26–28 years old. Then an analysis through 
statistical tests ANOVA and bivariate analysis with the aid of SPSS software was 
performed. Thus, for analytical purposes, questions were presented as variables and 
received the following identification Q1, Q2, Q3, etc. 

Out of the total number of respondents, around 53% were male and 47% female. 
The age group with the most participants was composed of young people (41%) 
aged between 18 and 21 years, followed by 35% young adults aged between 26 and 
28 years, and finally, 24% young people aged between 22 and 25 years. 

Results 

Out of the 218 completed questionnaires, around 53% were answered by males and 
47% by females. 

The age range of most participants was: between 18 and 21 years old (41%); 
35% were between 26 and 28 years, and 24% between 22 and 25 years. Thus, two 
hypotheses were tested: the first one was that the younger the individual, the greater 
their concern with sustainable consumption and the second one was that women are 
more susceptible to sustainable consumption online.
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Therefore, two variance analysis (ANOVA) were carried out using the variable 
Q1 (“How old are you?”) as the dependent variable (factor), which can take the 
following values: 18–21 years; 22–25 years; and 26–28 years for the first analysis 
and, for the second one, the dependent variable (factor) was changed to variable Q2 
(“What is your gender”), which can take the following values: Female; Male. For 
both analyses, the variables Q3 to Q10 were used as independent variables. 

As for the verification of hypothesis 1, for the eight questions of the survey, only 
for the variable “Do you seek to know if the company and its managers really apply 
the values they claim to advocate?” (Q7). It is observed that significance was equal 
to less than 0.05 (Table 2.1). As for the other variables, it is possible to accept the 
null hypothesis so that the means of the groups that are identified by age groups are 
equal. That is, there is no difference in the concern with sustainable consumption in 
the three age groups reviewed.

In turn, in verifying hypothesis 2, for the eight analysis questions, for the variables 
“How often do you shop online?” (Q3) and “Do you give priority to the purchase 
of small outfits?” (Q10) It is observed that significance was equal to less than 0.05 
(Table 2.2). For the other variables, it is possible to accept the null hypothesis so that 
the means of the groups that are identified by age groups are equal. That is, both the 
female and male audiences have the same trend towards care in the acquisition of 
sustainable products and services.

Sustainable Online Consumption and Gender 

The first question in the questionnaire referred to the frequency with which consumers 
buy products online. Out of the 218 respondents, 42% stated they shop online every 
three months, 39% say they shop online every month, 12% said they shop online at 
least twice a week, and 7% said they shop online at least once a week. The male 
audience is the one that most often shopped online (once a month on average) and 
the female audience is the least often online shopper (every 3 months or more), as 
shown in Table 2.3.

To find out the most important factor for e-consumers when choosing their prod-
ucts, in the second question, the respondents were able to select their preferences 
based on the options presented. Among the answer choices, consumers indicated that 
quality (58.7%) and price (29.4%) are among the aspects with the greatest influence 
in their purchasing decisions, followed by the product brand (5.5%), whether the 
product is sustainable (3.7%) and the service provided by suppliers (2.8%).
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Table 2.1 ANOVA results for testing hypothesis 1 

Sum of squares gl Medium square F Sig. 

How often do you 
shop online? 

Among groups 23.478 2 11.739 2.346 0.098 

In the groups 1075.921 215 5.004 

Total 1099.399 217 

What is important 
when choosing the 
company that I’m 
going to buy a 
product/service from? 

Among groups 7.314 2 3.657 2.764 0.065 

In the groups 284.466 215 1.323 

Total 291.780 217 

When choosing a 
sustainable product. 
Which do you 
consider as the main 
factor? 

Among groups 0.723 2 0.362 0.397 0.673 

In the groups 195.758 215 0.911 

Total 196.482 217 

Are the company’s 
values relevant to you 
at the time of 
purchase? 

Among groups 0.454 2 0.227 0.784 0.458 

In the groups 62.207 215 0.289 

Total 62.661 217 

Do you want to know 
if the company and 
its managers really 
apply the values they 
claim to advocate? 

Among groups 1.889 2 0.944 4.350 0.014 

In the groups 46.667 215 0.217 

Total 48.555 217 

Do you take into 
account the 
destination of the 
packaging when 
purchasing a product? 

Among groups 0.380 2 0.190 0.410 0.664 

In the groups 99.625 215 0.463 

Total 100.005 217 

Do you look for a 
product that has the 
most manual/ 
handcrafted and 
personalized 
manufacture? 

Among groups 0.804 2 0.402 0.726 0.485 

In the groups 119.068 215 0.554 

Total 119.872 217 

Do you give priority 
to the purchase from 
small businesses? 

Among groups 0.792 2 0.396 1.794 0.169 

In the groups 47.429 215 0.221 

Total 48.220 217 

Source The authors, 2021
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Table 2.2 ANOVA result for testing hypothesis 2 

Sum of squares gl Medium square F Sig. 

How often do 
you shop online? 

Among groups 52.119 1 52.119 10.750 0.001 

In the groups 1047.280 216 4.849 

Total 1099.399 217 

What is 
important when 
choosing the 
company that 
I’m going to buy 
a 
product/service? 

Among groups 1.297 1 1.297 0.964 0.327 

In the groups 290.483 216 1.345 

Total 291.780 217 

When choosing a 
sustainable 
product, which is 
the main factor 
analyzed? 

Among groups 0.233 1 0.233 0.256 0.613 

In the groups 196.249 216 0.909 

Total 196.482 217 

Are the 
company’s 
values relevant to 
you at the time of 
purchase? 

Among groups 0.015 1 0.015 0.051 0.821 

In the groups 62.646 216 0.290 

Total 62.661 217 

Do you want to 
know if the 
company and its 
managers really 
apply the values 
they claim to 
advocate? 

Among groups 0.114 1 0.114 0.509 0.476 

In the groups 48.441 216 0.224 

Total 48.555 217 

Do you take into 
account the 
destination of the 
packaging when 
purchasing a 
product? 

Among groups 0.388 1 0.388 0.841 0.360 

In the groups 99.617 216 0.461 

Total 100.005 217 

Are you looking 
for a product that 
has the most 
manual/ 
handcrafted and 
personalized 
manufacture? 

Among groups 0.625 1 0.625 1.131 0.289 

In the groups 119.247 216 0.552 

Total 119.872 217 

Do you give 
priority to the 
purchase from 
small 
businesses? 

Among groups 1.847 1 1.847 8.604 0.004 

In the groups 46.373 216 0.215 

Total 48.220 217 

Source The authors, 2021
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Table 2.3 Cross-tabulation between variables Q3 (How often do you shop online?) and Q2 (What 
is your gender?) 

What is your 
gender? 

Total 

Female Male 

How often do you 
shop online? 

Once a month on  
average 

Score 31 51 82 

% on How  often do  
you shop online? 

37.8% 62.2% 100.0% 

Once a month on  
average. Every 
3 months or more 

Score 3 0 3 

% on How  often do  
you shop online? 

100.0% 0.0% 100.0% 

Once a week or 
more 

Score 3 12 15 

% on How  often do  
you shop online? 

20.0% 80.0% 100.0% 

Once every two 
weeks 

Score 8 17 25 

% on How  often do  
you shop online? 

32.0% 68.0% 100.0% 

Once every two 
weeks. once a 
month on average 

Score 0 2 2 

% on How  often do  
you shop online? 

0.0% 100.0% 100.0% 

Every 3 months or 
more 

Score 58 33 91 

% on How  often do  
you shop online? 

63.7% 36.3% 100.0% 

Total Score 103 115 218 

% on How  often do  
you shop online? 

47.2% 52.8% 100.0% 

Source The authors, 2021

Sustainable Consumption 

In the ecological consumption segment, the first question refers to the factors that 
lead the consumer to choose a sustainable product. In the alternatives presented, the 
most significant criterion for the respondents was the option for durable or reusable 
products (46.3%). Products that have the “cruelty free” seal, that is, that are not 
tested on animals, follow as the second most important factor (21.1%). In third place 
is the option of products with renewable raw materials, which have less impact on the 
environment (20.2%) and finally, products that are contained in recyclable packaging 
(12.4%). 

In the following questions, consumers are asked about their preference to buy 
products from small businesses, with handcrafted or personalized products, thus 
supporting small entrepreneurs. In addition, consumers answered whether, when 
purchasing, they take into account the company’s values and the way in which these 
values are applied. About 67% of consumers claim to give priority to the purchase
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of sustainable products in small businesses, and 42.9% prefer to consume products 
made in an artisanal way, in which the female audience of the sample assessed is 
the one that gives priority to purchases from small businesses. Regarding the values, 
there is a divergence, because while 67.9% say that the company’s values are indeed 
relevant, when it comes to really knowing if the values are applied by the company, 
only 33.5% of consumers bother to look for this information that may be relevant 
for their final selection. 

In this specific case, as in the analysis of variance (ANOVA) for the test of hypoth-
esis 1, significance was identified, which required a more detailed analysis. Since 
the survey respondents in the two lowest age groups are the ones who least seek 
information as to whether the company and its managers really apply the values they 
claim to advocate (Table 2.4). 

In a survey on sustainable consumption, it is essential to ask consumers about the 
importance of the empty packaging destination. Out of the 218 respondents, 51.8% 
consider the packaging to be an important factor; for example, they prefer to consume 
products whose packaging is biodegradable or recyclable. 

The test results showed that age and gender do not influence the sustainable 
consumption profile of young adults. It was also observed that the male public makes 
online purchases more frequently; females give priority to purchases from small local 
businesses, and people between 26–28 years of age seek to know if the company and 
its managers really apply the values they claim to advocate.

Table 2.4 Cross-tabulation between variables Q1 (How old are you?) and Q7 (Do you seek to 
know if the company and its managers really apply the values they claim to advocate?) 

Do you want to 
know if the 
company and its 
managers really 
apply the values 
they claim to 
advocate? 

Total 

No Yes 

What is your age? 18–21 years Score 55 22 77 

% on What is your age? 71.4% 28.6% 100,0% 

22–25 years Score 56 20 76 

% on What is your age? 73.7% 26.3% 100,0% 

26–28 years Score 34 31 65 

% on What is your age? 52.3% 47.7% 100,0% 

Total Score 145 73 218 

% on What is your age? 66.5% 33.5% 100.0% 

Source The authors, 2021 
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Results Analysis and Discussion 

Digital consumption was better accepted by young people, especially because most 
of them grew up in contact with technologies. However, online shopping is affected 
in general by some distrust (Soares et al. 2020). One of the reasons that people do 
not buy online is not being able to touch the product and understand its physical 
characteristics before they make their choice (Nascimento et al. 2018). 

By offering sustainable products and services, companies, in addition to 
contributing to the environment, are raising interactive awareness. For example, 
buyers with a sustainable consumption profile use product packaging as utensils 
and decorative objects. This contributes to the development of creativity, protects the 
environment, and strengthens the brand (Nguyen et al. 2020). 

In addition, the company’s values are essential for the sale of these products 
(Silva et al. 2017) as the organizational culture and values will impact their products. 
Consumers seek to purchase products from companies whose values are similar to 
their own (Brock et al. 2020). 

Another relevant point for many consumers is the final destination after consump-
tion. In this context, large companies started working with reverse logistics. This 
allows the consumer to return the product packaging and not worry about how to 
dispose of it (Nguyen et al. 2020). Post-consumption disposal appears as an incen-
tive, as companies usually take some discount initiatives. These companies tend to 
encourage the proper disposal of the product packaging after the end of the product’s 
life thus contributing both from the economic and environmental standpoint; when 
consumers return goods and materials to the production cycle, the quantities of 
materials discarded inappropriately are reduced (Lira 2018). 

In the case of women, handcrafted products are also a form of sustainable 
consumption (Brock et al. 2020). In addition, the appreciation of small local busi-
nesses is also prominent among female respondents. In general, these women 
are concerned with the environment and maintain sustainable practices that will 
benefit the place where they are located besides generating income and benefits 
to the community. Small businesses tend to be concerned with packaging, product 
destination and to give priority to renewable raw materials (Nguyen et al. 2020). 

Sustainable consumption is part of the SDG 12 (Responsible consumption and 
production). In Brazil, the goal was changed in its wording when it was proposed the 
articulation between federated entities (states and municipalities). For, it is believed 
that its implementation is guaranteed by the Plano de Ação para Produção e Consumo 
Sustentáveis (PPCS, Action Plan for Sustainable Production and Consumption) of 
the Ministry of Environment. Thus, the plan was launched on November 23, 2011 
and incorporated the Política Nacional sobre Mudança do Clima (PNMC, National 
Policy on Climate Change), also used to comply with SDG 13 (Action against global 
climate change) (IPEA 2019). 

The Action Plan for Sustainable Production and Consumption (PPCS) was divided 
into: sector pacts, government actions, voluntary initiatives, partnership actions, and
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task forces. In relation to sustainable consumption, the Action Plan proposed: educa-
tion for sustainable consumption, retail and sustainable consumption, increased recy-
cling, sustainable government purchases, sustainable buildings, and an environmental 
agent in the public administration (Ministério do Meio Ambiente 2011). Thus, we 
can affirm that the increased concern with consumption, production and company 
practices show ways to reach the goals of sustainable consumption and climate adap-
tation. In particular, when there are efforts aimed at valuing the local context and 
aligning sustainable practices by organizations and young consumers (Schäfer et al. 
2021). 

Final Considerations 

This article was developed with the aim of understanding the differences in perception 
among young people who practice sustainable consumption through purchases online 
and establish the importance of this action as a strategy to curb climate change. 
To that effect, two hypotheses were established: H1: Younger consumers are more 
concerned with sustainable consumption and H2: The female audience is more likely 
to consume sustainable products and services online. 

After the development of statistical tests for ANOVA it was possible to conclude 
that there are no significant differences between men and women in relation to sustain-
able consumption online; however, there are small changes that can be considered 
an advance in terms of awareness. 

That’s because age and gender do not influence the sustainable consumption 
profile of young adults. It was also observed that the male public purchases online 
more frequently, while a female public prioritizes purchases from small local busi-
nesses. In addition, the results show that people between 26 and 28 years old seek to 
know if the company and its managers really apply the values they claim to defend. 
The rest of the variables did not present significant results to establish any corre-
lation. In this way, it is clear that although there is a movement of young people 
focused on sustainable consumption to promote climate adaptation, it is just begin-
ning and comprises only young adults from 26 years old, that is, when they are closer 
to 30 years old. 

The study offers a practical and theoretical contribution. There is a theoretical 
advance when stating that women are concerned with consuming local products 
online and that there is already a small group of people aged 26 and over that is 
concerned with the values of companies and their managers. This includes, albeit 
timidly, young adults among those who practice sustainable consumption online. 
Still, in a practical way, this study indicates that the adoption of sustainable practices is 
positive for local companies, since these can better steer their dissemination strategies 
and include young adults as a segment to be exploited marketwise. 

With regard to sustainable consumption strategies to curb climate change, this 
concern emerged in Brazil in 2011 along with the Action Plan for Sustainable Produc-
tion and Consumption (PPCS) incorporated by the National Climate Change Policies
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(PNMC). Among many actions, the main one was the encouragement of sustainable 
consumption widely discussed in schools and universities. Thus, in 2021, ten years 
later, it is possible to see that young adults are beginning to reveal concerns about 
the consumption of local products and the company’s values as a way of responding 
to climate change. 

This article is limited to the studied sample and to the fact that the research was 
developed only through questionnaires distributed online. Therefore, as suggestions 
for future research, studies can be developed with audiences from other regions and 
countries in order to perform comparisons with this study. In addition, the develop-
ment of interviews is suggested to learn more about the researched reality in order 
to understand the aspects that motivate sustainable consumption choices. 
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Chapter 3 
Rerouting Food Waste for Climate 
Change Adaptation: The Paths 
of Research 

Anne Nogueira , Fátima Alves , and Paula Vaz-Fernandes 

Abstract In a context of climate change where, on the one hand, large amounts 
of food are lost or wasted and on the other hand climate refugees are victims of 
food insecurity, there has been a growing interest in food waste and in research 
into reducing food loss. In order to identify research trends and gaps in this area, 
we have conducted a systematic review in this field adopting a methodology based 
on the use of selected key words and temporal boundaries from 2008 to 2021. The 
results extracted were divided in two categories: raw material and food security. 
The results are discussed under the following perspectives: geographic distribution 
of author’s institution, subject categories, and author keywords. Based on research 
topics found and researchers’ suggestions, actual and predictable trends on food waste 
management were identified for food waste as a raw material and for food security. 
It is found that Food Loss and Waste (FLW) fields of research interest have been: (1) 
food waste as a source of raw materials to produce biofuels and biomaterials; and 
(2) food waste upcycling for human consumption as a solution to food insecurity. 

Introduction 

Widely known data from the Food and Agriculture Organization (FAO) of the United 
Nations point to the global annual food loss and waste (FLW) of 1.3 billion tonnes, 
which is 1/3 of the total food produced for human consumption, while 11% of the 
population suffers from hunger or malnutrition (FAO, n.d.-b). Also, according to the
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FAO, the annual costs of the world FLW are roughly US$ 680 billion in industrialized 
countries and US$ 310 billion in developing countries (FAO, n.d.-b). 

While researching Food Loss (FL) and Food Waste (FW) one can easily come 
across broadly accepted concepts (FAO 2011b) related to FL which refers to the 
decrease of the edible food mass throughout the part of the supply chain that leads 
specifically to food for human consumption. Food losses can occur during production, 
post-harvest and the processing stages of the food supply chain (FSC) (Parfitt, Barthel 
and MacNaughton 2010). When these losses occur at the end of the food chain 
(distribution and final consumption) they are referred to as “food waste”, relating 
specifically to retailers and consumer behaviour (Hodges et al. 2011; Parfitt et al. 
2010). 

There is yet another side to the FL and FW concepts. The Food and Agriculture 
Organization (FAO) of the United Nations, only measures FL and FW as parts of 
the food chain leading to human consumption, excluding planned animal feed and 
inedible parts. Hence, all unplanned loss along the human food supply chain is 
accounted for as FL or FW, even when later redirected to animal feed or bioenergy 
production (Parfitt et al. 2010). 

Food waste and food loss reduction have been one of the priorities of the inter-
national political, economic, environmental, and social agenda. Economically FLW 
represent an income reduction for farmers, industries, distributors, and an increase in 
expense for consumers. Annually, adding to capital loss, one must not forget major 
depletion of resources such as 250 km3 of water, 1.4 billion hectares of land (28 
percent of the world’s agricultural area), energy, and labour. Moreover, associated 
to FLW, there is a needless production of 3.3 billion tonnes of CO2 equivalent to 
Greenhouse Gas Emissions (GHGE), contributing to global warming and climate 
change (FAO 2011b, 2013). The International Panel on Climate Change Report of 
2021 outlines the larger direct influence of global warming in climate change causing, 
among other negative impacts, agricultural and ecological droughts which stresses 
the interconnection of all FLW impacts (IPCC 2021). 

As a result, the scientific interest in FLW has been increasing, as has its social, 
economic, and environmental sustainability. In this context, we have identified a lack 
of scientific literature reviews on food waste recovery for human consumption. 

In response to this situation, FAO has developed the Global Initiative on Food 
Loss and Waste Reduction promoting a new strategic framework, adjusted to the 
specific needs of each region and country. Each role-player in the programme is 
urged to raise awareness, establish public–private partnerships, implement policies, 
strategies and programmes designed to bring stakeholders together to reduce food 
waste and loss (FAO 2015). 

In September of 2015, the world leaders attended United Nations Sustainable 
Development Summit where the Sustainable Development Agenda until 2030 was 
adopted. This agenda includes 17 Sustainable Development Goals (SDG), two of 
which directly address FLW impacts: SDG 2 (Zero Hunger), SDG 12 (Responsible 
Consumption and Production), and SDG 13 (Climate Action) (UN 2015). 

The SDG Zero Hunger is directly related to the concept of food security which, 
according to FAO, exists “when all people, at all times, have physical, social, and
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economic access to sufficient, safe, and nutritious food that meets their dietary needs 
and food preferences for an active and healthy life” (FAO 2009). Food insecurity has 
been on the rise. In the 2014–2019 period, 22.4% to 25.9% of the world population 
was affected by moderate or severe food insecurity, while millions of tonnes of food 
are wasted every year (UN 2020). 

The European Union (EU), one of the Save Food Regions of the Global Initiative 
on Food Loss and Waste Reduction, estimates that the annual amount of FLW in the 
EU is of 88 million tonnes, with the economic value of 143 billion euros (Vittuari 
et al. 2016). To reduce FLW, reduce the consumption of natural resources and the 
associated economic costs, the EU aims to achieve the SDG proposed by the UN, 
amongst other actions, by implementing a European Action Plan for the Circular 
Economy adopted in 2015 (European Commission 2015 2016). One of the SDG 
targets related to FWL is target 12.3. It states: “By 2030, halve per capita global food 
waste at the retail and consumer levels and reduce food losses along production and 
supply chains, including post-harvest losses” (FAO, n.d.-a). Halving FLW benefits 
the environment, as it reduces GHG emissions and water consumption while also 
benefiting the economy avoiding the watering cost and contributing towards food 
security and even to eventual job creation companies that help redistribute food that 
would otherwise be wasted (Flanagan et al. 2019). 

Upcycling food for human consumption contributes to the fulfilment of several 
SDG. In fact, while feeding the hungry with nutritious food, it contributes to sustain-
able production and consumption (preventing the need to produce more food), and 
avoids the environmental burdens and economic costs of food waste management. 
(Nogueira et al. 2021a, b). 

Every year, the UN releases data on SDG progress for each country member. The 
2020 SDG Report shows progress was uneven although not at the required speed and 
rate to meet the 2030 Agenda (UN 2020). Some of the SDG recorded gains were: (1) 
the fall in the number of children and youth dropping out of school; (2) the decline in 
the incidence of many communicable diseases; (3) improved access to safely manage 
drinking water; and (4) the increase in women’s representation in leadership roles. 
However, the world has faced dramatic economic recession with rising cases of food 
insecurity, and natural environment depletion (UN 2020). 

Reduction of FLW has raised an increasing interest by governments, non-
governmental organisations, multi-national food and distribution companies and 
social solidarity institutions and, not surprisingly, also that of the scientific commu-
nity. 

During current research on FLW we found out that there is a wide amount 
and range of FLW data available through national and intergovernmental agencies. 
However, when researching for scientific literature about what is being done to tackle 
FLW we did not find any review articles on food surplus reuse for human consump-
tion despite the increasing number of publications on this subject during the past 
years. Given the global impact of FLW on global socioeconomic and environmental 
sustainability, it is crucial to keep conducting studies that will further consolidate the 
knowledge on how to rescue and reuse FLW prioritising reuse for human consump-
tion according to the hierarchy for waste prevention and management proposed in
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the Food Recovery Hierarchy Priorities (European Commission 2008; European 
Parliment 2019). 

In this paper we aim to provide a compilation of how research to upcycle FLW is 
evolving to find about innovative solutions of using FLW. 

Methods 

To tackle this issue, in this systematic review, we have adopted a methodology based 
on the use of carefully chosen key words and temporal boundaries narrowed down 
to the past 13 years, from 2008 to 2021. The 2008 economic crisis impacted on 
all phases of the food chain from farm to industry, the redistribution sector, and 
the livelihood of families, hence the emphasis of this research on the rerouting of 
food waste, concentrating on solutions for food insecurity (Food and Agriculture 
Organization of the United Nations 2010). The body of the literature so constituted 
was divided into 2 categories and further analysed by types of publication, geographic 
distribution, and key word frequency to determine the research emphasis. We also 
discuss the trends on food waste management as a raw material even though industrial 
extraction is more material and energy demanding, and therefore contributes more 
to climate change. 

In terms of research design, we followed guidelines that propose a review process 
in three stages (planning, execution and reporting) (Tranfield et al. 2003) (Fig. 3.1). 
In the planning phase, research keywords and terms were defined according to the 
aim and main topic of the study. “Food Waste” (FW) and “Food Loss” (FL) were 
naturally the first research keywords used.

Despite what has already been referred with regard to FL and FW, some studies 
opted either for their own FL and FW system boundary, methods, and definitions 
(Hodges et al. 2011; Parfitt et al. 2010). For this reason, other designations for FL 
and FW concepts such as “food surplus” and “food residue”, were added to our 
keyword list. Because we focus on upcycling FLW we decided to make use of other 
research keywords such as “food waste recovery”, “food recovery”, “food reuse”, 
“food rescue” and “rescued food” to ensure that food waste for human consumption 
research was prioritised. 

To secure a broad coverage of literature about FLW reduction through upcycling, 
Web of Science, Scopus, Google Scholar, and b-on were used to search for papers. 
These platforms were selected because they provide access to a series of scientific 
articles and because of the search filters available. Furthermore, data extracted from 
at least two platforms is reported to yield a more robust and reliable bibliometric 
analysis (de Oliveira et al. 2019). 

No geographical boundaries were set. All global, national, or local studies were 
included. We considered the country of the first author´s affiliation institute to be the 
country to publish the study.
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Fig. 3.1 Methodology design

We also searched for reports prepared by academic institutions and by govern-
mental and nongovernmental organizations in the so-called grey literature. All previ-
ously mentioned keywords were used in the search for titles of publications. In 
addition, no specific language filter was used, and results were ordered by relevance. 

All duplicates and all articles that did not focus on proposing novel systems of 
transforming FLW into a resource as a raw material or to tackle food insecurity, were 
discarded. 

After reading through abstracts of roughly 280 published documents, extracted 
from B-On, Scopus, Web of Science and Google Academic, a body of literature of 
71 publications provided an update on how to upcycle FLW. Even though our focus 
of interest is the reuse of food surplus and food waste for human consumption, the 71 
compiled publications were divided into two main categories called Raw Material, 
and Food Security (Fig. 3.1).



42 A. Nogueira et al.

The raw material (RM) category includes articles that focus on using FLW as a 
source of bioenergy or as a material source for extraction of high-value compounds 
or molecules to be applied in various types of industry. This is the category where, 
by far, most found papers fall into, confirming there is a growing interest in the 
use of FLW as a source a clean energy and material resource. In 2017 an extensive 
biometric study on food waste research (as a raw material) from 1997 to 2014 was 
published concluding that research on clean energy sources, treatment, valorisation, 
and innovative management of food waste have attracted extensive attention and will 
continue to be the focus point of the decision-making and policy of FW management 
for governments in the future (Chen et al. 2017). Thus, we believe it is important to 
highlight the most recent works on FLW as an energy or material resource. 

The Food Security category includes articles that focus on a wide variety of 
issues related to the use of FLW for human consumption such as vectors and how 
the following are expected to evolve: recoverable food waste; practices leading to 
the reduction of FLW; comparative studies on the best option to reuse FLW; values 
and behaviours in relation to foods that contribute to the propensity to waste food in 
residential, institutional and commercial sectors; projects or strategies to deal with 
food surplus; food waste in developing countries; the environmental impact of food 
surplus; the economic benefits of food surplus recovery; food waste management 
policies. 

Results and Discussion 

After analysing the content of each paper, it was clear that there is an unbalanced 
focus on the different stages of the food supply chain. Almost all studies focus on 
food waste at retailing and consumer levels, while only very few address immediate 
postharvest losses. Considering that FAO estimates that postharvest losses can reach 
up to 20.7% percent in Central and South Asia, 15.7% in Northern America and 
Europe, 14% in Sub-Saharan Africa, 11.6% in Latin America and Caribbean, 10.8% 
in Northern Africa and Western Asia, with a mean value of 13.8% worldwide, this 
result suggests that, to tackle hunger and malnourishment, further research is needed 
in addressing post-harvest losses, hopefully resulting in innovative ways of tackling 
the problem. (FAO 2016). 

Once we had gathered the literature available, we found it could be divided into 
four different types of documents: articles in peer review journals, books, reports, 
and conference proceedings. Journal articles were the most common type with 90% 
accounting for literature, followed by 6% for books, 3% for reports, and 1% for 
conference proceedings. 

Journals dedicated to different, often overlapping, fields focused mainly on waste 
management, biotechnology, chemical engineering, environmental sciences, food 
sustainability research, and socio-economic sciences fields. 

The few countries in which literature is published is indicative of its narrow spatial 
coverage. Figure 3.2 illustrates the total distribution of where the main author’s
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institution is geographically located. It also shows that the top seven most productive 
countries on FLW research are the USA, Australia, Italy, the UK, and China, followed 
by India. 

Although most existing studies on FLW are conducted in industrialized coun-
tries, (79% of main authors), there is also a clear interest in the subject in some 
emerging countries, (21% of main authors) indicating a worldwide interest in FLW 
management. The global socioeconomic crisis that began in 2008 and international 
policies (FAO 2015; UN, n.d., 2015; United Nations 2018) could be at the origin 
of the national interests of these countries. Furthermore, this distribution reflects 
the large values of the per capita food losses and waste, at consumption and pre-
consumptions stages, in Europe, North America, Oceania, and Industrialized Asia 
as well as emerging countries (24). Food losses in industrialized countries are as 
high as in developing countries. However, in developing countries more than 40% of 
the food losses occur at post-harvest and processing levels, while in industrialized 
countries, more than 40% of the food losses occur at retail and consumer level (FAO 
2011a). Moreover, national and global socioeconomic adversities were aggravated by 
the COVID-19 pandemic, to such an extent that it is considered the worst economic 
recession since the Great Depression with an increasing number of people suffering 
from food insecurity (UN 2020).

Fig. 3.2 Total geographical distribution of where the main author’s institution is located 
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Since 2008, we have been witnessing an outburst of FLW research publications 
related to aspects of food waste management and bioenergy production through 
anaerobic digestion of FLW, as a way of both producing biofuels and manage food 
waste (Chen et al. 2017). From our body of literature of 71 publications, 25 fell into 
the Raw Material category, and 46 into the Food Security category. 

The USA is one of the most productive countries, followed by Australia, Italy, and 
the UK. Households’ food waste estimates provided by the United Nations 2021 Food 
Waste Index Report (United Nations Environment Programme 2021) indicate values 
of 59 kg/capita/year in the USA, 102 kg/capita/year in Australia, 67 kg/capita/year 
in Italy, and 77 kg/capita/year in the UK. FAO estimates that consumers waste 95– 
115 kg of food/year per capita in Europe and North America, with similar values 
at production to retailing level (~180 kg/capita/year) for Europe, North America 
and Oceania (FAO 2011a). All four countries have published in the food security 
category showing a large interest in upcycling food as a resource to feed food insecure 
populations. 

The number of publications in the Raw Material category in some emerging 
countries such as China and India, addressing the issue of FLW on the different stages 
of the food supply chain as a clean source of energy and raw materials, suggests a 
national interest in waste management and biofuel production. Food waste estimates 
in India, at household level, are 20 kg/capita per year (UN n.d.). China is noteworthy 
as it is a very large country with a substantial internal variation in terms of population, 
and thus showing a wide range of food waste estimates from 64 kg/capita/year at 
national level but 150 kg/capita/year in urban areas (United Nations Environment 
Programme 2021). Due to a rapid growth, it is predictable that research in the food 
waste field will continue to develop in both counties. 

In order to examine the emphasis of the research carried out, a total of 241 author 
keywords were quantified and classified by total frequency and frequency in each 
category. In this classification process, groups of words in different order, such as 
“food surplus” and “surplus food”, or groups of words conveying the same concept, 
e.g. “nitrification loss” and “denitrification rate”, were classified as one and the same 
keyword. Figure 3.3 shows all the 33 keywords that were used more than once ranked 
by total frequency.

Considering only 13.7% (33/241) author keywords were mentioned more than 
once indicates that mainstream research on FLW focused on a small area. To draw on 
the research trends from 2008 to 2021, we analysed the top 33 most frequent author 
keywords. Keeping in mind the previously established categories (Raw Material 
and Food Security) helped to relate broad meaning keywords like “food waste” or 
“sustainability” to the research field they were applied to. 

Results show the top 33 keywords were related to: (1) food waste treat-
ment and disposal (food waste (RM); anaerobic (co-) digestion, sewage-sludge, 
composting); (2) bioenergy production (biofuel, bioenergy, biogas, methane produc-
tion, methane/biomethane, bioethanol, biorefinery, biochemical methane potential, 
nitrogen loss, yield); (3) food waste management (waste prevention, sustainability,
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Fig. 3.3 Absolute frequency of author keywords mentioned more than once, with frequency per 
category (total frequency, n = 169)

waste management, waste minimization, food waste hierarchy, circular economy); 
and (4) food security (food waste (FS), food (in)security, food poverty, emergency 
food aid/food assistance, nutrition/dietary diversity, food banks, food donation, 
non-profit, food recovery, food surplus, supply chain optimization). 

Food Waste as Raw Material 

During the period of study for the category of Raw Material, operational conditions 
of bioenergy production though anaerobic digestion and co-digestion were the centre 
of several research papers (Chen et al. 2017; Cheng et al. 2021; Karmee  2016; Sen 
et al. 2016; Talan et al. 2021). 

The interest in the effect of the composition of mixtures that are fed to anaerobic 
digesters on the yield of biomethane production for different mixtures of food waste
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or mixtures of food waste and sewage sludge indicates that efficient ways of solving 
disposal problems while replacing the use of fossil fuels are being sought (Ebner et al. 
2016; Fisgativa et al. 2016; Fitamo et al. 2016; Koch et al. 2016; Yong et al. 2015; 
Zhang et al. 2016). The search for high efficiency processes of producing biomethane 
has led to the proposal of corrective chemical or micro-wave pre-treatments of the 
digesters feeding mixtures (Fisgativa et al. 2016; Karthikeyan et al. 2018; Zhang 
et al. 2016). Alternative solutions to optimize biofuel production involve controlling 
process variables like pH, electrical conductivity, nitrogen loss or recirculation (Chan 
et al. 2016; Zamanzadeh et al. 2016) or using an innovative high-solid anaerobic 
membrane bioreactor (Cheng et al. 2021). Besides that, monitoring and controlling 
the evolution of microbial community structure, can also enhance productivity and 
contribute to harness bioenergy production at lower costs (Sen et al. 2016; Talan et al. 
2021; Zamanzadeh et al. 2016; Zhang et al. 2016; Zhen et al. 2016) Other biofuels 
can similarly be produced from the controlled fermentation of FW, such as bioethanol 
(and possibly longer chain alcohols) and biohydrogen, a most promising option of 
sustainable energy source due to its energy yield (Han et al. 2016; Hegde et al. 2018; 
Karmee 2016; Talan et al. 2021). Moreover, hydrogen can be directly used to produce 
electricity through fuel cells with the advantage of being environmentally friendly 
with limited impact on global climate change, when compared to fossil fuels and 
even when compared to other biofuels. To a lower extent, due to high energy costs 
and low efficiency, pyrolysis of FW can produce biooil, biochar, and biofertilizers 
(Karmee 2016). 

In recent years, FW was found to be an adequate raw material for more than the 
production of biofuels. Ravindran and Jaiswal (2016), Barik and Paul (2017) and Xu 
et al. (2018) advocate that the extraction of value-added materials from FW should 
precede the production of biofuels, reducing the size of the landfill discarded fraction, 
increasing revenues and reducing co-digestion costs (Barik and Paul 2017; Ravindran 
and Jaiswal 2016; Xu et al.  2018). The concept of extracting biomaterial from FW 
adds another dimension to the keyword biorefinery. FW is a reservoir of carbohy-
drates, proteins, lipids, and other organic and inorganic substances, hence the appli-
cation of the term “biorefinery” to the process of recovering material from FW using 
industrial processing technologies. Recycling inside the food supply chain can be an 
economical and environmentally sustainable way of producing renewable feedstock 
for industrial uses (Galanakis 2015; Girotto et al. 2015). Ongoing research already 
addresses several industry sectors. Recovered nutrients, molecules and metals, can 
either be used in the food industry, animal feed industry or pharmaceutical industry 
as flavourings and fragrances, antioxidants, food additives and nutraceuticals (Barik 
and Paul 2017; Kim et al. 2016; Ravindran and Jaiswal 2016). Other industrial sectors 
could benefit from the production of metabolites, enzymes, bioactive compounds, 
biodegradable plastics, nanoparticles or as catalysers of nitrogen removal in waste 
water treatment (Li et al. 2015; Ravindran and Jaiswal 2016). 

All previously mentioned extractions can occur in integrated biorefineries that 
produce extracted chemicals with one fraction of the feedstock, and bioenergy with
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the remaining fraction. Even though integrated biorefineries still present many chal-
lenges they are a promising way to circular economy (Xu et al. 2018). Further-
more, integrated biorefineries have a closed loop approach to waste valorisation, 
contributing to promote the switch from fossil fuels to green fuels while reducing 
the production of greenhouse gases with corresponding positive impact on climate 
change. 

Food Security 

By analysing the top 33 keywords in the current study we found that 59.5% (frequency 
percentage) of them concerned food security – this shows that food security is yet 
another research trend. 

Food insecurity is felt in developing and developed countries, and even in food 
surplus areas. It was found that increasing the production does not ensure food and 
nutritional security, which makes food insecurity a question of access to food, rather 
than a supply problem (Papargyropoulou et al. 2014). 

Tackling both food insecurity and food waste have been the centre of several 
international guidelines based on the European Community Strategy on Waste 
Management first proposed by the European Parliament Council in 1984 (COMMIS-
SION OF THE EUROPEAN COMMUNITIES 1989). This strategy (meanwhile 
adopted worldwide as the main waste management framework) is depicted as an 
inverted waste hierarchy pyramid (UNEP 2013). It prioritises prevention as the most 
favourable option and considers landfill disposal as the least favourable. In the model 
presented, the second-best option—reuse—is the distribution of food surplus to low 
income groups followed by recycling, the use of FW in animal feed and composting, 
with the last but one option being energy recovery of unavoidable food waste (UNEP 
2013). 

Even though Prevention through minimization of food surplus and avoidable food 
waste is the most preferred option of food waste hierarchy, waste prevention is the 
centre of very few studies. In this chapter, it is important to mention that not all FW is 
avoidable. Some parts of food must go to waste, such as certain peels and fruit stones 
(e.g. pineapple peel or mango stones). Considering that the percentage of avoidable 
food waste in some developed countries ranges from 34% (in Sweden) to 60% (in 
the UK), food waste prevention policies could reduce the amount of FW treated 
in all other hierarchy stages until disposal, with huge environmental and economic 
benefits (Thyberg and Tonjes 2016). Unfortunately, waste goals are usually defined 
in terms of recycling or diversion, rather than prevention indicators, namely SDG 
targets for FW reduction, defined as: “By 2030, halve global food waste per capita at 
the retail and consumer levels and reduce food losses along production and supply 
chains, including post-harvest losses” (FAO 2011b). Not only SDG provides no target 
specifically concerning prevention, but the only measurable target is situated at retail 
and consumer levels. Therefore, it is a priority to adjust policies towards food to
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prevent the generation of FW along the whole food supply chain (Redlingshöfer 
et al. 2017; Thyberg and Tonjes 2016). 

In order to ensure universal access to nutritious food in adequate quantities, the 
change in waste prevention policies must reflect a change from a weak preven-
tion model to a strong prevention model (Mourad 2016). Weak prevention solu-
tions usually focus on technical or logistic innovation to improve the efficiency of 
consumption but are not a sustainable option from a long-term perspective (Longo-
Silva et al. 2013). Moving from weak to strong prevention requires a change in gover-
nance along the food supply chain, involving all the actors—producers, retailers and 
consumers—in a sustainable system imbibed activity (Mourad 2016). This change 
of production and consumption paradigm presents implementation limitations due 
to constraints in individual behaviour and policy changes which are the object of 
several studies. 

In a household environment, the required changes may be as simple as planning 
serving portions and changing the content of served meals or even consuming left-
overs. The consumption of leftovers is regarded as a sacrifice that sustains and perpet-
uates family roles, reinforcing family bonds or engaging in redistribution practices 
(Cappellini 2009). Readjustment of serving sizes and content may also be a strategy 
to tackle the problem of food surplus and leftovers in school and company canteens 
(Evans 2012). Moreover, unavoidable surplus may be diverted from landfills in school 
canteens through programmes that promote the volunteer participation of students 
in the process of sorting uneaten food. This process facilitates food recovery while 
equipping the next generation with environmental stewardship habits (Prescott et al. 
2020). In developing countries food waste at household level is considerably lower 
than at production to retail level, 40% of food loss occurring at post-harvest and 
processing stages (FAO 2011a). Numerous developing countries have been living in 
a protracted crisis with populations in need of enhanced effectiveness in terms of 
assistance programmes. Technology transfer and access to microcredit are needed 
to support and protect livelihoods, as are education programmes for farmers, better 
infrastructures to connect small farmers to markets, and the adoption of collective 
marketing. (Cicatiello et al. 2016; Hodges et al. 2011; Katz and Rivero 2015; Parfitt 
et al. 2010; Walia and Sanders 2019). 

Another line of research that attracts researchers from countries as different as 
the USA (Mittal et al. 2021; Shi and Lizarondo 2021), Italy (Cicatiello et al. 2016; 
Ciccullo et al. 2021; Muriana 2015), the Netherlands (Ciulli et al. 2020), and Australia 
(Nair et al. 2018; Rey et al. 2018) is the development of mathematical models to solve 
FW management problems at the Reuse stage of the FW hierarchy inverted pyramid. 

Food waste or food surplus is often redistributed to the food insecure populations 
through food banks and other non-profit organizations. One of the first identified 
problems of these type of organizations is the cost of food transportation from the food 
source (e.g. farmers, retail distribution centres) to the food redistribution centres. A 
2013 report by the World Resources Institute suggests that the transportation obstacle 
can be overcome by establishing additional food redistribution centres and optimizing 
FW picking up and delivery routes (Lipinski et al. 2013). Humanitarian logistics 
optimization has evolved through the use of different mathematical algorithms (very
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often based on linear regression), presenting novel approaches for the food rescue 
and delivery problems. It is important to highlight that the optimization of pickup 
and delivery routes, while lowering operating costs, also reduces the environmental 
impact of the pickup process and alleviates climate burdens due to food surplus (Hiç 
et al. 2016). 

Rey et al. (2018) found that using fewer vehicles is likely to help improve the 
fairness of FW allocation, thus proposing a solution of using a single large capacity 
vehicle with longer routes to ensure enough food supply (Rey et al. 2018). Recruiting 
additional donors and volunteers was also found to be an efficient strategy to decrease 
economical costs of food relief logistics (Mousa and Freeland-Graves 2017; Phillips 
et al. 2013; Shi and Lizarondo 2021). 

Food rescue and redistribution, of perishable foods may be more economically 
and environmentally costly and complex than landfill and composting or even than 
acquiring, storing and redistributing dried staple foods (Krishnan et al. 2020; Philip 
et al. 2017; Reynolds et al. 2015). It also requires infrastructures to safeguard food 
hygiene and safety standards and particularly when redistributing frozen and chilled 
food (Alexander and Smaje 2008; Garrone et al. 2014). Nevertheless, procuring food 
for the food insecure is a lower cost method than purchasing meals directly, with 
improved nutritious quality when compared with the dried and staple foods usually 
distributed in foodbanks (Philip et al. 2017). A review article published in 2019 
documented the need for additional evaluation of food rescue interventions, with 
consistent metrics, but still suggesting promising effects, including large quantities 
of food rescued and served clients, positive return on investment, and decreased 
environmental burden (Hecht and Neff 2019). Life Cycle Analysis results suggest 
that, apart from reducing environmental pressure and capital loss, food waste rescue 
may also generate work opportunities, while conditioning stakeholders’ behaviour 
(Santagata et al. 2021). 

To ensure high stakeholder satisfaction and the sustainability of charitable 
networks it is vital to understand the relationship between supply and demand (Hecht 
and Neff 2019; Krishnan et al. 2020; Nair et al.  2018). In FW management and redis-
tribution this means being able to forecast food donations while correctly estimating 
food demand, minimizing the fraction of recovered food that is not used for human 
consumption (Ciulli et al. 2020; Garrone et al. 2014). A software based on structural 
equation modelling and neural networks was found to provide improved demand 
estimation when compared with multiple linear regression (Nair et al. 2017). 

Researchers also focus on modelling the suppliers’ side of FW redistribution to 
determine the optimal shelf life and quantity of products to be removed from distri-
bution shelves and shipped to non-profit organizations (or livestock feed). Sustain-
ability of the donation process means that the optimal point found must correspond 
to maximum profit for the retailer (Giuseppe et al. 2014; Muriana 2015). Implemen-
tation of circular economy at retail level can also be achieved through the adoption 
of repositioning, reallocating, reacting, re-engineering, and relating practices, with 
economic, social and environmental benefits (Huang et al. 2021). 

Digital platforms have recently emerged as a response to the need for circularity 
brokers. These innovative tools facilitate the brokerage of food surplus supply and
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demand all along the food supply chain, as well as transportation and human resources 
logistics (Ciccullo et al. 2021; Mittal et al. 2021; Nair et al.  2018, 2017; Shi and 
Lizarondo 2021). 

Although it may seem that recovery and redistribution of food waste and food 
surplus is a contemporary form of socioenvironmental activism supported by the 
whole scientific community, this issue is not that linear (Edwards and Mercer 2012). 
If some researchers consider that alternative food networks are a way to ensure 
food justice and environmental sustainability, through social innovation, in need 
of a special set of tools, resources and laws, others have another set of concerns 
(Baglioni et al. 2017; Lindberg et al. 2014; Planchenstainer 2013). A first concern 
regards the pertinence of the charitable food sector, in those policies targeting which 
determinants of food insecurity should be implemented to reduce demand for emer-
gency food, together with governmental regulations on FW minimization, rather 
than relying on the power and initiative of civil society organizations. Empowering 
community governance only, depoliticizes food insecurity issues and transfers the 
responsibility of rescuing and redistributing food waste and food surplus to local 
community members (Lindberg et al. 2014; Warshawsky 2015; Wingrove et al. 2017). 

A second concern is related to the rescue and redistribution system where each 
party at each transfer point passes on property waste disposal obligations (Alexander 
and Smaje 2008). This may lead to situations where parties might be more interested 
in avoiding disposal costs than providing the food insecure with nutritious food, 
transferring food in poor hygiene and safety conditions. 

Food Waste Future Research Trends 

Due to the ever-increasing population, resource, and commodity limitations, to 
climate change, and unpredictable scenarios such as the COVID-19 pandemic, we 
will see an economic, social, and environmental increase in the price of food, leading 
to the need for more efficient food production and consumption systems (Aldaco et al. 
2020; Pollard et al. 2018). Thus, in addition to the ongoing research paths, as another 
result of this literature review, we have identified possible future FLW research trends. 

Affluent countries are likely to develop responses to FSC waste trends such as: (1) 
circular economy implemented in the legislation of all countries; (2) new strategies 
to reuse FW as a bioenergy and biomaterial source; (3) clear labelling and consumer 
education campaigns; (4) better policies on FCS waste and FW taxation; (5) public 
and private partnerships; (6) better demand forecast; (7) optimized (shared) logistics; 
(8) domestic kitchen technologies; (9) better packaging; and (10) technology transfer 
to BRIC countries (Brazil, Russia, India and China) (Cicatiello et al. 2016; Facchini 
et al. 2018; Hodges et al. 2011; Katz and Rivero 2015; Parfitt et al. 2010; Walia 
and Sanders 2019). In order to reduce the impacts of FW significantly and generate 
social and environmental benefits, less developed countries will have to implement: 
(1) widespread education programmes directed at farmers; (2) better infrastructures 
to connect small farmers to markets; (3) adoption of collective marketing; (4) improve



3 Rerouting Food Waste for Climate Change Adaptation: The Paths … 51

access to technologies through microcredit; and (5) financial incentive opportunities 
that improve efficiency along the FSC (Hodges et al. 2011). 

Conclusions 

This compilation provides an overview on the evolution of FLW throughout the 
investigation period of 2008/2021. Based on the selected publications, the following 
conclusions were drawn from the current study: (1) FLW as raw material research, 
mainly concentrated in China, India and the USA, focuses on the fields of chemical 
engineering, energy fuels, environmental engineering, biotechnology, and microbi-
ology applied to engineering; (2) A second FLW research field, taking place mainly is 
Australia, European countries and the USA, focuses on food security, FW upcycling 
for human consumption improvements in terms of humanitarian logistics, concerning 
supply, transportation, conservation and volunteerism; (3) For lower and medium 
income countries FLW resides mainly at production to retail level where farmer 
support programmes could promote environmental and social improvements; and 
(4) There is a lack of research focusing on measuring the potential of rescued and 
redistributed perishable FW as a way of tackling food insecurity. 

Valorisation of food waste turning it into a material or bioenergy source requires 
know-how and more time, energy and other material consumption than the process 
of upcycling food as is. To reduce climate change resulting from the environmental 
burdens of food waste, we advocate that FW upcycling through technological innova-
tion should be sponsored towards developing solutions for inevitable and non-edible 
parts of FW. 

To address food insecurity, the future decision-making and policy of FW manage-
ment should prioritise targeting determinants of food insecurity which in turn would 
reduce the food aid demand. Furthermore, climate change causing food insecurity 
and malnourishment should also be addressed with policies aiming at changing the 
food production and consumption paradigm throughout the food chain. 

The main limitation of this review is that it cannot comprise an in-depth study 
of all subjects. Issues such as policies, laws, and technical particularities of all the 
processes to transform food waste into a material or energy source were approached 
in a descriptive way since the aim was to identify the different paths of food waste 
research. 
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Chapter 4 
Modeling Climate Resilient Economic 
Development 

Anett Großmann, Markus Flaute, Christian Lutz, Frank Hohmann, 
and Maximilian Banning 

Abstract Climate change is challenging governments around the world to incorpo-
rate mitigation and adaptation measures into long-term development strategies. As 
one response, national E3 (economy-energy-emission) models have been developed 
for Georgia and Kazakhstan to allow determining the macroeconomic impacts of 
climate change and adaptation measures by model users in the respective country. 
This can significantly improve long-term planning by including climate change and 
adaption in this process. The chapter first describes the basic model structure, then 
explains how policies can be implemented as well as what the respective information 
and data needs are. In a second step, the country models e3.ge and e3.kz are applied 
to assess the effects of investment in additional irrigation systems and windbreaks 
that protect agriculture against either droughts or winds, which are expected to occur 
more often and more pronounced due to climate change. The quantifications of the 
economy-wide impacts in both countries are built on sector- and country-specific 
cost–benefit analyses. Scenario analysis is applied to compare a scenario with the 
adaptation measure against a climate change scenario without adaptation. Model 
results for the period up to 2050 show positive effects on GDP and employment for 
the adaptation measures. Besides agriculture, other industries as construction and 
services will benefit from adaptation in terms of production and employment.
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Introduction 

Climate change is a major and urgent challenge for the environmental and socioe-
conomic development. At the recent UN climate summit in Glasgow (COP26), 
the importance of both emission reductions to limit global temperature rise and 
adaptation to climate change was emphasized. 

Although participating countries revised and strengthened climate plans to curb 
their CO2 emissions, current global efforts are not enough to reach the Paris Agree-
ment’s targets. Without additional measures continuous global warming is likely in 
the twenty-first century. 

According to climate scientists, climate change cannot be fully prevented as it 
already has and will have impacts on the people, the environment, and the economy. 
Countries are facing gradual climate change impacts such as increasing temperatures 
and changes in precipitation leading for example to melting glaciers and sea level 
rise. The risk of disruptive change is also rising. 

The “Global Climate Risk Index” (Eckstein et al. 2021) shows that many coun-
tries are also threatened by recurring extreme whether events (EWEs) like droughts, 
floods, heat waves and storms which are likely to occur more frequently and more 
intensely. 

Kazakhstan and Georgia, the countries under consideration, are vulnerable to 
various climate change impacts. Droughts are for example a severe risk for both 
countries resulting in yield losses. Other EWEs such as floods and heavy winds 
destroy energy, road and building infrastructure and thus cause economic costs to 
repair the damage. Increasing temperatures adversely impact human health as well 
as energy demand and supply. Apart from these direct impacts, further losses result 
from e.g., impaired production due to power outages. 

Adaptation to climate change is of major importance to reduce the adverse impacts 
of climate change while exploiting the benefits of climate change. Various adaptation 
options and evaluations exist for key economic sectors and climate hazards. Macroe-
conomic impacts and intersectoral effects of climate change and adaptation which 
go beyond single economic sectors analyses are often still not considered. 

Policymakers need powerful tools to evaluate the macroeconomic impacts of 
sector-specific economic risks and benefits (awareness raising) as well as different 
sectoral adaptation strategies (preparedness) to be able to initiate the transition to 
a climate-resilient economy and integrate findings in long-term strategies. Environ-
mentally extended economic models in combination with scenario analysis support 
policymakers with these issues. 

An extensive exchange with partners and experts in Kazakhstan and Georgia, as 
well as the cooperation between the respective ministries in the countries, local 
research institutes, GWS and GIZ resulted in the development of the country 
specific E3 models within the project “Policy Advice for Climate Resilient Economic 
Development” (CRED) financed by the German Federal Ministry for the Environ-
ment, Nature Conservation, Nuclear Safety and Consumer Protection (BMUV) and 
implemented by Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ).
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Jointly with the country partners, the model approach has been selected and 
national economic and climate data were compiled. This was followed by the devel-
opment and application of the E3 models to climate change and adaptation related 
issues including intensive capacity building for the partners. 

Climate change and adaptation scenarios were designed comprising information 
and data on the most relevant climate hazards, their sector-specific impacts as well 
as suitable adaptation options. These scenarios were analyzed with the E3 models 
regarding their long-term macroeconomic impacts. A comparison of scenario results 
allows policymakers to identify those adaptation measures that are highly effective 
and beneficial for the economy, employment, and the environment (win–win options). 

Finally, the macroeconomic results are fed into stakeholder discussions and 
policy processes (Dekens and Hammill 2021) to support them with evidence-based 
adaptation planning. 

Macroeconomic Modeling of Climate Change Adaptation 

Various approaches to estimate the macroeconomic effects of climate change are 
described in the literature. A starting point have been calculations by William 
Nordhaus. They led to the development of one of the first integrated assessment 
models (IAMs) DICE (Dynamic Integrated Climate-Economy, Nordhaus 1992), 
which attempted to represent the interrelationships between climate change and the 
global economy in a dynamic model. 

Nikas et al. (2019) differentiate six classes of climate-economy models building 
on various classifications in the literature. The first IAMs have been optimal growth 
models, which represent the economy in a single sector. Damage costs enter these 
models as simple equations, e.g., the economic damage is parameterized as a square 
function of the temperature increase due to climate change. Other total models 
are computable general equilibrium models (CGE) and macro-econometric models, 
which represent the economic development according to different economic sectors 
including the linkages between these sectors and with climate. As partial models, 
the other model types are not suitable for the integrated socio-economic analysis of 
climate change impacts. 

According to the Network for Greening the Financial System (NGFS 2020), 
economic models assessing climate risks can be similarly divided into integrated 
climate-economy models and adapted macroeconomic models. Economic models 
can be distinguished according to their underlying economic theory explaining the 
functioning of and interaction within an economy. Basically, these are CGE, static 
Input–Output (IO) and macro-econometric (or dynamic) IO models (Lehr et al. 2020; 
Máñez et al. 2016; NGFS 2020; Pollitt and Mercure 2018). 

CGE models follow neoclassical theory and are supply-side driven. They are 
optimization models and characterized by the assumption of market clearing, fully 
flexible prices, and immediate substitution. In this regard, CGE models are suit-
able for long-term analyses assuming functioning markets, but climate change and
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adaptation costs tend to be underestimated (Botzen et al. 2019; OECD 2015). In the 
EU PESETA project, the impacts of climate change are modeled in the CGE model 
GEM-E3 either through damage to the capital stock, sectoral productivity losses or 
as welfare losses of private households (Feyen et al. 2020). The latter may result 
from additional energy demand for cooling or involuntary additional expenditures 
for the repair of flood damage. 

Static IO models are based on IO tables which provide a detailed view on inter-
industry linkages and the demand supply relationship (Miller and Blair 2009; United 
Nations 2018). IO models go back to Leontief (1986) who mathematically illus-
trated the effects of additional demand in a single industry and its economy-wide 
direct and indirect impacts. The static IO approach is appropriate for short-term 
analysis due to its constant economic structure. It is used among others for (natural) 
disaster analyses. In contrast to CGE models, immediate substitution does not exist. 
Long-term adaptation processes cannot be represented in a static IO model due to 
lacking consideration of adjustment processes over time. Adaptation costs tend to 
be over-estimated as this model type does not allow for substitution processes when 
confronted with higher costs (Botzen et al. 2019; Lehr et al. 2020; Máñez Costa et al. 
2016). 

Macro-econometric (or dynamic) IO models (Almon 1991, 2014; West  1995) 
build upon the advantages of static IO models but largely resolve their limitations and 
inherent assumptions, amongst others the absence of time and of capacity constraints. 
Prices indicate shortages due to capacity constraints. Due to the explicit consider-
ation of time in dynamic models, they can reflect the economic development year 
by year and can therefore show the temporal adjustment path of recovery periods 
from climate change effects and adjustment processes of adaptation. Like static IO 
models, dynamic IO models are typically demand-side driven. However, demand is 
determined endogenously and not given exogenously. Income, which is influenced by 
the current labor market situation and consumer prices, is an important determinant 
for consumer demand. 

Macro-econometric IO models rely on a comprehensive data set that allows to 
model volume and price reactions based on empirical estimations as opposed to 
CGE models that are using parameters calibrated to a base year. Trends which were 
econometrically detected for the past are assumed to be valid in the future and relax 
the assumption of a constant economic structure and/or import dependency—this 
approach is much more realistic for a mid- to long-term projection (Meyer and 
Ahlert 2019). Future technological changes and innovations may be considered and 
make the model more useful to analyze structural changes (Mercure et al. 2019). 
Nevertheless, the assumption of constant parameters (which are derived from past 
observations) is continuously less valid with increasing distance in time. 

The macro-econometric IO modelling approach is e.g., applied to evaluate climate 
change impacts and adaptation measures in Germany using the model PANTA RHEI 
(Lehr et al. 2016), for the EU islands (Leon et al. 2021) and at EU level using 
the models GINFORS (Lehr et al. 2018; Aaheim et al. 2015; European Commis-
sion 2021) and E3ME (Cambridge Econometrics 2019). Damages and losses from
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EWEs were collected by screening literature and damage databases e.g., from reinsur-
ance companies, translated into model variables and then implemented as economic 
impulses into the models. Damages were modeled, for example, as a reduction in the 
capital stock in the machinery and real estate sectors. The non-usability of transport 
infrastructure due to flooding leads to higher costs (economic losses) due to the use 
of other means of transport and routes, which were captured in the model as well. 
Productivity losses were modeled by higher imports in the respective sectors, so that 
the lower production level is at least partially compensated (Lehr et al. 2016, 2020). 

Methodologies 

Excel-Based E3 Models for Georgia and Kazakhstan 

Based on the presented modeling approaches, it is obvious that there are different 
methods for modeling economic impacts of climate change and adaptation measures. 
Each approach has its strengths and weaknesses (Keen 2020; Keppo et al. 2021). As of 
now, there is no common standard approach. Thus, multiple models that complement 
each other are sometimes used simultaneously (e.g., Feyen et al. 2020; Leon et al. 
2021). 

Basically, the most important requirements for an economic model to map climate 
change can be defined as follows (Großmann et al. 2021): It must consider the 
main economic impacts (e.g., productivity and income losses), the economic sectors 
directly affected by climate change (e.g., agriculture, energy), and intersectoral 
dependencies. In addition, such an economic model must capture long-term macroe-
conomic developments regarding future climate change impacts and adjustment 
reactions in the years following a climate event. 

For Georgia and Kazakhstan, the macro-econometric (dynamic) IO modeling 
approach is a suitable solution which fulfills the necessary requirements. This 
economic model is extended to an E3 (economy, energy, emission) model, so that 
it is also possible to identify synergies and trade-offs of adaptation and mitigation 
strategies as well as Nationally Determined Contribution goals. 

For both countries, such a projection and simulation model has been developed 
jointly with Georgian and Kazakh partners to evaluate the macroeconomic impacts of 
climate change and adaptation measures until 2050 in a holistic and consistent model 
framework. The E3 models contain three interlinked model parts: the economic 
model (1) and the energy (2) and emissions (3) module (Fig. 4.1).

Each model part is based on a national, official, and up-to-date dataset given 
as time series which allows to derive country-specific parameters empirically. The 
climate module describes the impact of projected climate scenarios informed by 
empirics of past and current climate related damages in the countries. 

The economic model (1) is based on the INFORUM approach (Almon 1991, 
2014; West  1995) and features post-Keynesian properties. The core of the economic



62 A. Großmann et al.

Input-Output-Table, National Economic model 
Accounts 

Energy balance covering fossil fuels and Energy module 
renewable energy, energy prices 

PRICES 

FINALDEMAND 

INTERMEDIATE 
DEMAND 

PRODUCTION 

UNITCOSTS 

FOREIGN TRADE 

POLICY VARIABLES, EXPERT INFORMATION 

N
A

TI
O

N
A

L 
A

C
C

O
U

N
TS

 
EMISSIONS 

LABORMARKET 

ENERGY 
SUPPLY 

ENERGY 
Transformation 

ENERGY 
DEMAND 

FO
SS

IL
 F

U
EL

S 
&

 
R

EN
EW

A
B

LE
S 

CLIMATE 

1 
3 

2 

Fig. 4.1 E3 model overview (Source Großmann et al. 2021)

model is the IO framework representing the economic sectors, their interlinkages 
as well as the domestic and foreign factors contributing to economic growth. The 
relationship between demand and supply is represented by the Leontief production 
function. 

Supply and price elements are considered as well to account for supply constraints 
possibly caused by EWEs. Production costs for each economic sector are derived 
from costs to be paid for intermediate goods and primary inputs (such as labor costs) 
as given in the IO table. Production prices are determined based on these costs. 

Labor market indicators such as number of jobs, wages and income are part of the 
model to monitor sector-specific labor productivity, employment, and wealth. Labor 
demand follows the economy activity in the sectors considering labor productivity. 
The macroeconomic wage rate is derived from the Phillips curve approach taking 
the overall labor productivity and labor scarcity indicator—measured as the ratio of 
population at working age and total labor demand—into account. 

The modelling approach which covers not only quantity effects but also income 
and price effects provides multipliers that determine the dynamics of the system:
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● Leontief multiplier: Shows the direct and indirect effects of demand changes (e.g., 
consumption, investments) on production;

● Employment and income multiplier: Increased production leads to more jobs and 
thus higher incomes resulting in higher demand (induced effect);

● Investment accelerator: Indicates the necessary investments to maintain the capital 
stock needed for production based on the demand for goods. 

The energy module is based on national energy balances depicting the energy 
supply, transformation, and demand for different fossil fuels and renewables in 
physical terms. It describes the relations within the energy sector more compre-
hensively than the economic model. The energy demand is modeled in detail for the 
largest consumers such as industry, private households, and transport. Key drivers of 
sector-specific energy demand are the sector-specific economic activity, the respec-
tive energy intensity of the production processes and energy price developments. 
The energy demand of private households is estimated with population. The energy 
supply is determined by the energy demand of all sectors. Energy is either produced 
domestically or imported. Primary energy use is covered for power generation as 
well as heat generation. 

The emissions module comprises the energy-related CO2 emissions which are 
linked to the combustion-related energy consumption of fossil fuels. Reductions in 
the use of fossil fuels due to expansion of renewable energy or increased energy 
efficiency are visible as CO2 savings. 

The requirements for data and the model approach are kept moderate for a sustain-
able solution which is also important for the model ownership in the countries. 
However, the model approach is flexible, can be expanded in many ways and allows 
for integrating expert inputs. 

Additionally, the E3 models are developed in Microsoft (MS) Excel using the 
model building framework DIOM-X. The framework is built upon the MS Office 
programming language Visual Basic for Applications (VBA) and was developed 
for creating Dynamic Input–Output Models in Excel (DIOM-X) (Großmann and 
Hohmann 2019). Besides MS Excel, “R” or EViews can be used to perform regression 
analysis which is beyond the options provided by MS Excel. The DIOM-X modelling 
framework provides the tools to exchange the dataset, regression equations with their 
parameters automatically between both programs. 

The full model database, model equations, scenario settings and scenario results 
are stored in a single Excel workbook to ensure that all aspects of the model can 
be examined, adjusted, and extended. Model users conduct scenario analysis by 
adjusting the values of model variables in one Excel worksheet. Thus, there is no 
need to learn programming.



64 A. Großmann et al.

Climate Change Adaptation Scenarios as “What-If”—Impact 
Analysis Under Uncertainty 

Scenario (or “what-if”) analysis is a method for dealing with the uncertainties of 
the future. Scenarios are consistent sets of assumptions to test how the future might 
evolve under certain conditions (“if”). “What” comprises the economy-wide impacts 
and consequences resulting from the assumptions made. Thus, a scenario helps to 
better understand what could happen and who or what is affected and how? However, 
scenarios should not be considered as precise forecasts. 

Various policy options and measures can be analyzed by conducting scenario 
analysis depending on the main purpose of the model application and key research 
question. The E3 models were developed to answer questions such as: What are 
the macroeconomic effects of sector-specific climate change impacts and adaptation 
options? 

With the help of scenarios, sector-specific climate change impacts and adaptation 
measures are implemented in the model by adjusting appropriate model variables 
such as productivity or investments. Then the model quantifies the direct, indirect, 
and induced impacts on other economic sectors, the macroeconomy and emissions. 

The comparison of model results from different scenarios to a reference scenario 
not including a certain policy or measure helps to identify the option which is appro-
priate for a particular issue. Policymakers need to identify and prioritize those criteria 
(e.g., GDP or employment effects) that are most important for them to finally select 
the better or best policy option(s). 

Implementing Climate Change Adaptation Impacts in E3 
Models 

Climate change and socio-economic impacts, changes, and responses in the form 
of mitigation and adaptation are mutually dependent. While it is already difficult to 
estimate the frequency and intensity of climate events, it is even more challenging 
to quantify their economic impacts (Brasseur et al. 2017). Therefore, representing 
these interactions and relationships in simulation models is a challenging task that 
involves a high degree of uncertainty. To get an idea of the possible future economic 
impacts of climate change and in particular of EWEs, the E3 models in combination 
with scenario analysis are applied. 

Usually, economists derive future developments from past observations but that 
is hardly possible for climate change and adaptation issues due to the following 
reasons:

● Climate change and its economic impacts can often not be observed in (official) 
statistics.
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● Climate change impacts may not be detected as such because repairing climate 
change damages potentially results in positive GDP effects (so called defensive 
spending).

● The damage may have been avoided or reduced by existing adaptation measures.
● Economic and climate models are operating on different temporal and spatial 

scales. While climate models have a high spatial resolution and a long-term 
horizon, the current E3 models considering economic development at national 
level and have a mid-term to long-term perspective until 2050.

● Climate models are complex and very computation-intensive while the E3 models 
for Georgia and Kazakhstan use a simplified, less computation-intensive approach 
and run simulations in less than a minute on an average desktop computer or laptop. 

For implementing the economic impacts of climate change and adaptation measures, 
a four-step approach is applied (Großmann et al. 2021; Flaute et al. 2021). 

The main prerequisites for this approach are

● Climate scenarios for Georgia and Kazakhstan with a regional breakdown and the 
future evolution of climate hazards,

● Identification of relevant interfaces and affect chains of climate hazards (Fritzsche 
et al. 2014),

● Sector-specific and quantified damage data (as well as benefits, if appropriate).
● Cost–Benefit Analyses (CBA) of sector-specific adaptation measures. 

Following this approach helps to understand the economic impacts of climate change 
and how potential adaptation measures support to minimize or even avoid these 
effects. 

1. Identification of EWEs and their effects 
Modeling future impacts of climate change on the national economy requires 

linkages between climate projections and country- and sector-specific economic 
damages. Climate experts from the University of the Balearic Islands provided 
the occurrence and intensity of country-specific climate hazards (e.g., drought, 
heatwave, flooding) for the RCP2.6 and RCP8.5 scenarios for selected vulnerable 
areas and locations (Navarro and Jordà 2021). The frequency of a climate hazard 
is either derived from past observations or expert knowledge. 

Since no official climate damage register exists in Georgia and Kazakhstan, 
the economic damages from past and current EWEs are collected by screening 
scientific (national and international) literature, media, and expert surveys. These 
damage data serve as benchmarks for estimating future climate change impacts. 
Adjustments will be made to the benchmarks in scenarios to reflect the expected 
intensity changes of climate hazards. 

2. Translation of EWEs into model variables 
The identified climate change effects need to be translated into E3 model vari-

ables. Basically, the initial impacts of climate hazards are implemented as effects 
on human behavior (e.g., consumption expenditures for health care), production 
factors (e.g., labor productivity) and / or infrastructure (e.g., investments to repair 
damages).
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3. Possible adaptation options preventing/minimizing the damages or taking 
advantage of opportunities that may arise are identified by screening national 
and international literature as well as through discussions with experts. CBAs 
are important cornerstones to identify the costs and benefits of sectoral adapta-
tion measures. The benefits are implemented into the E3 models as the reverse 
impacts of climate change damages, costs are usually integrated as investments 
and depending on how the investments are financed, prices or government 
expenditures are affected as well. 

4. For evaluating the impacts of adaptation measures, a climate change 
scenario without adaptation measures and the respective adaptation scenario are 
compared. Usually, there is more than one adaptation option (e.g., irrigation 
systems or drought-resistant crops). Scenario results help to detect the option(s) 
with high effectiveness and positive effects on the economy and the environment. 
Selection criteria might be the biggest avoided damages, employment effects or 
synergies with other strategies such as mitigation which needs to be prioritized 
by policymakers. 

Results from Climate Change and Adaptation Scenarios 
in Agriculture 

Investing in Irrigation Systems—A Case Study 
from Kazakhstan 

Droughts impact agriculture, especially the cultivation of rain-fed wheat in North-
Kazakhstan (World Bank 2015, 2016; MNE et al. 2017). In southern and eastern 
regions of Kazakhstan, the risk of flooding due to glacial melt is more likely in the 
medium term and by mid-century water supply will be threatened. Soil degradation, 
desertification, pest, and disease outbreaks are the main issues associated with these 
climate change impacts resulting in lower agricultural productivity. 

Agriculture is one of the most important sectors in Kazakhstan contributing 5% 
of GDP and employing 1.2 million people, respectively about 13% of the workforce 
in 2019 (Bureau of National Statistics of the Republic of Kazakhstan 2021). Grain 
production of agro-holdings and large-scale farms is the most important segment of 
agriculture with wheat being a major export good (UNDP 2019). In the rest of the 
country, livestock and vegetable are cultivated mainly by small-scale farmers in rural 
areas (OECD 2020). 

Climate change is likely to exacerbate the already volatile production and income 
risks. Due to shifts of climate zones, some regions may profit whereas others suffer 
from negative impacts due to changed precipitation patterns. 

UNDP (2020) estimates the decline of wheat yield losses to amount 33% of the 
current potential by 2030 and 12% by 2050. The grazing capacity is likely to decline 
resulting in a livestock productivity reduction of 10% by 2030 to maximum 20%
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by 2050 of the current potential. In contrast, sunflower seed yields are expected to 
benefit from climate warming leading to an increase of 8% by 2030 and around 4% by 
2050 compared to current gross output. Overall, crop production is more risk-prone 
than livestock (World Bank 2016). 

Crop losses lower Kazakhstan’s export opportunities while dependence on agri-
cultural imports increases to ensure food security. With more severe droughts and 
without adaptation, jobs and incomes are at risk not only in agriculture, but also in 
industries dependent on agriculture. 

Climate change adaptation in agriculture is a priority area in Kazakhstan 
according to the New Environmental Code (Article 313) adopted in 2021. Farmers 
have different options to adapt to climate change such as usage of water-efficient 
technologies, cultivation of drought-resistant crops and restoring of water infrastruc-
ture. Soil conservation can be improved by moisture saving technologies such as 
conservation agriculture and no-till farming (UNDP 2020; World Bank 2016). Other 
options include improved crop protection through fertilization and selective breeding 
to control pests and diseases. Livestock productivity can also be increased through 
rotational grazing which aims to avoid overgrazing. 

While each of these specific practices helps to at least partially offset yield losses 
caused by climate change, insurance against crop failures can partly compensate 
farmers, but does not prevent losses. 

An option to reduce drought impacts in agriculture is the (re-)construction of 
water canals and the installation of water-saving technologies such as drip irrigation. 
The associated costs and benefits are shown in Table 4.1. This data is used as input 
for the Kazakh e3.kz model to analyze the macroeconomic impacts of this measure. 
The government is expected to subsidize these investments at the expense of other 
expenditures. 

The macroeconomic effects of the investments in water canals, reservoirs and drop 
irrigation systems in agriculture are positive according to Fig. 4.2. The increased 
construction activity and higher crop yields due to an expanded irrigated area have a 
positive impact on GDP which is up to 1.2% per year above a scenario with droughts 
and without adaptation.

There are only a few Kazakh producers of drip irrigation systems. Therefore, 
most of these must be imported, mainly from Europe, Israel, or China (EBRD et al. 
2018). Higher imports of maximum 1.1% per year have a negative economic impact,

Table 4.1 Key assumptions for investments in irrigation systems 

Adaptation measures Cumulated investment 
(2022–2050) 

Annual adaptation benefits (in 
terms of higher agricultural 
output) 

(Re-)construction of water 
canals and reservoirs 

2,894 Billion Tenge 537 Billion Tenge 

Installation of drip irrigation 105 Billion Tenge 47 Billion Tenge 

Source Astana Times (2019), EBRD et al. (2018), Kazakh Government (2020) 
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Fig. 4.2 “Irrigation” scenario: key impacts, 2022–2050, deviations from a “drought” scenario in 
percent (Source Own figure based on e3.kz results)

but this is compensated by the benefits of the adaptation measure. The agricultural 
imports are lower. Export opportunities are no longer fully impaired by droughts and 
are up to 0.24% per year higher. The agriculture and construction sectors profit the 
most but also several other industries providing necessary inputs such as concrete or 
further processing agricultural goods. 

Additional jobs in the construction sector are created during the construction 
period. Afterwards, regular maintenance and replacement investments are neces-
sary, which preserve jobs. Permanent jobs and income are created in agriculture 
by restored and additional irrigated land. In total, a maximum of 78,000 additional 
jobs respectively 0.8% per year will be created compared to a situation where no 
adaptation is done, and droughts occur. 

Overall, the measures reduce the water scarcity and increase agricultural produc-
tivity not only during droughts. Apart from additional jobs, food security can be 
improved. 

Investing in Wind Breaks—A Case Study from Georgia 

Wind impacts in agriculture: Agriculture is a key sector for the Georgian economy, 
employing about 40% of the workforce, primarily as self-employed farmers. At the 
same time, agriculture is vulnerable to climate change. Thus, climate change does 
not only increase the risk for agriculture, but, due to its importance for the Georgian 
economy, impacts economic and social welfare (MEPA 2017).
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Several climatic trends are already observable today and will continue to be even 
more noticeable in the future. Statistically increasing trends in mean annual temper-
ature, significant increases in the duration of heatwaves, droughts, and heavy winds, 
and changing patterns of precipitation throughout the country are only some of the 
climate challenges. Besides others, these may lead to a displacement of agro-climatic 
zones, desertification tendencies, reduction of arable land and reduction of crop 
productivity. 

In recent years, wind erosion was a major environmental problem in dry land areas, 
causing land degradation, reducing crop yields, and affecting sector development 
(MEPA 2017). In 2000, low wheat productivity was caused by high speed of winds in 
spring, “sweeping” the seeds and humus from the fields. In 2015–2016 in Samegrelo, 
hot winds destroyed the harvest of hazelnuts by 80–90%. Harmful diseases were 
spread by the wind, which in the following years also negatively influenced the 
yields. Strong wind can cause lodging down of maize. Thus, wind is not only a risk 
in the period of blooming, but also in other periods of further growth, as the growing 
plants are more and more exposed to the wind. This makes it necessary to arrange 
windbreak zones (MEPA 2017). 

Windbreaks as an adaptation option in agriculture: Several adaptation 
measures can be implemented to reduce the negative effects of climate change on the 
agricultural production and to even increase the crop yields over time. Adapted vari-
eties and new crop types can better resist to the new climatic threats. In combination 
with adapted cultivation methods and other structural measures (irrigation systems, 
hail protection nets, hail guns, windbreaks) soil conservation and water saving can 
be achieved. 

Windbreaks reduce wind speeds over fields, resulting in soil conservation and thus 
providing additional protection for the plants. Furthermore, they can be implemented 
not only as bushes, but with useful crops and trees to provide additional food security. 
Being implemented in the right location and in a functional way, windbreaks not only 
provide agricultural benefits but also economic, environmental, and social benefits 
(Smith et al. 2021). 

The windbreaks are usually placed at the edge of the fields (IBiS 2019). Wind-
breaks were already implemented during Soviet time, but they have been cut down 
and used as firewood during the energy crises in the 1990s. Nowadays, fire and 
grazing cattle are the biggest threats for windbreaks (IBiS 2019). 

The reactivation and re-construction of the windbreak system requires not only 
seedlings for trees and bushes, but also additional machinery, plastic, and agricultural 
services. Since average income in agriculture is low, the role of the government to 
finance the reactivation of windbreaks becomes crucial. The maintenance of wind-
breaks also requires additional financial resources (IBiS 2019). It is assumed that 
half of the investment is financed by the government and half by private households, 
partly crowding out other expenditures. 

Table 4.2 summarizes the costs and benefits of implementing windbreaks in 
Georgia. Plants, plastic coverage, agricultural services and machinery are needed 
to set up the windbreaks. Depending on the crops, the increase in yields varies. In 
total, an increase of 17.8% is assumed.
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Table 4.2 Key assumptions for investments in windbreaks Georgia 

Adaptation measures Investment per year 
(2022–2050) 

Annual adaptation benefits per 
(in terms of higher crop yields) 

Installation of Windbreaks • Plants: 6 million GEL 
• Plastics: 4 million GEL 
• Agricultural services: 
5.2 million GEL 

• Machinery: 2 million GEL 

• Total (weighted by share in 
agriculture): 17.8% 

Source Geostat (2020), Moore (n.d.) 

Assuming heavy winds every five years starting in 2025, implementing wind-
breaks results in the following economy-wide effects. 

In total, the GDP increases by up to 1.4% in one year in the period from 2022 to 
2050 (Fig. 4.3). The agricultural sector benefits on the one hand from the additional 
demand for seedlings and agricultural services, and on the other hand the greatest 
impact stems from the increase in crop yields in all years due to the windbreaks 
(Table 4.2). The additional demand for plastics to cover the seedlings increase the 
production in that respective sector. Total imports are affected on the one hand from 
additional imports due to higher consumption and investment and on the other hand 
from reduced imports of agricultural products. In the years with a heavy wind event, 
the effects are also positive, but smaller than in the other years, since the windbreaks 
cannot avoid all the damages caused by the wind. 

Fig. 4.3 “Windbreaks” scenario in Georgia: key impacts, 2022–2050, deviations from a “wind” 
scenario in percent (Source Own figure based on e3.ge results)
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Additional employment is created especially in those sectors that benefit from the 
implementation of windbreaks. The additional production and services in the agricul-
tural sector require a higher workforce. Rubber and plastic producing sector and the 
transportation sector also benefit in terms of employment. With an increasing produc-
tivity expected in the respective economic sectors, additional employment is needed, 
which decreases over time, but the overall effect remains clearly positive. Since 
more people have a regular income, the money is spent for consumption purposes 
(increasing by up to 1.1%), thus, creating additional production and employment 
effects. 

Conclusions and Outlook 

The Excel-based E3 models are powerful tools which support in understanding and 
quantifying the economy-wide impacts of climate change and of adaptation measures 
by conducting scenario analysis. This approach goes beyond a classic CBA which 
usually analyzes the economic impacts for a single sector. 

The scenario results show that climate change has an impact on agriculture as well 
as on other sectors along the value chain. The adverse impacts of climate change 
can be limited by appropriate adaptation options. Evaluation and comparison of 
various adaptation options help to find favorable solutions. However, other criteria 
such as health aspects and ecosystem services must be considered to get a more 
comprehensive evaluation. 

Other key economic sectors such as energy and tourism are at risk as well and 
should be evaluated intensively regarding climate damages and suitable adaptation 
measures (for examples see Großmann et al. 2021; Flaute et al. 2021). An extensive, 
systemic data collection of damages caused by climate change and CBAs for adap-
tation options would support an evidence-based, macroeconomic analysis. Other 
scenarios based on these exemplary scenarios can be conducted to show for example 
the impacts of financing adaptation measures through international funds. Prospects 
for funding of such measures in developing countries are good given that indus-
trialized countries renewed their promise in Glasgow to support measures which 
tackle causes and consequences of climate change in the future. With this support, 
the macroeconomic effects of these measures for the recipient countries would be 
even better. 

Model results trigger the necessary process of coordination and implementation 
with national institutions and stakeholders to identify those adaptation measures that 
are suitable to prevent from climate change impacts and have positive effects on the 
economy, employment, and the environment. In this regard, the E3 models support 
evidence-based policy making and thus help to design “better” adaptation policies. 

A success factor for the implementation of such a modeling tool is the simpli-
fied, transparent, and easy to use Excel-based model framework in conjunction with 
intensive capacity building. Transferring full ownership of the model to the respective 
partners in the country allows for continuous application, update, and expansion.
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The simplified E3 modeling approach has its limitations. The top-down approach 
does not allow structural changes to be modeled endogenously, as it is possible in 
integrated bottom-up models such as PANTA RHEI (Lehr et al. 2020). Therefore, it 
is particularly important to integrate expert knowledge and information from sector-
specific bottom-up models. 

Moreover, the projections of the E3 models rely on comprehensive data sets, 
empirical estimations, and expert knowledge. The assumptions of estimated but 
constant parameters are less and less valid with longer projection periods. The same 
is true for calibrated parameters in CGE models. Scenario analysis helps to deal with 
the inherent uncertainty of the future. Model parameters can be varied in scenarios 
which then lead to other development paths. However, a projection should not be 
interpreted as a precise forecast of the future. 

Furthermore, the analysis mainly focuses on economy-wide impacts of climate 
change in one respective country. However, climate change leads to damages and 
impacts worldwide, which also may affect international supply chains. The consider-
ation of such effects requires detailed information on trade flows and global climate 
impacts, which the model cannot represent in its current form. 

Nonetheless, the experiences from the CRED project shows that the Excel-based 
models and the coaching concept serve as a blueprint to evaluate climate change 
related issues which can be applied to other countries. 
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Chapter 5 
Local Context of Climate Change 
Adaptation in the South-Western Coastal 
Regions of Bangladesh 

M. Ashrafuzzaman, Carla Gomes , and João Guerra 

Abstract This study was conducted in 12 unions of the Shyamnagar upazila 
in Shatkira District, located in the south-western coastal region of Bangladesh 
(SWCRB). The inhabitants of the SWCRB are affected by different climate-
influenced events such as high-intensity cyclones, saltwater intrusion, sea-level rise, 
and weather pattern-affected agriculture. This study focused on how the local inhab-
itants are coping with climate change using multilevel adaptation. A mixed approach 
of data collection, including quantitative and qualitative data, was followed for both 
primary and secondary sources. Individual level data collection, key informant inter-
views, close-ended questions, focus groups, life history of SWCRB residents and 
workshops were used to understand vulnerability and social perceptions at the local 
level. The findings indicated that multiple adaptation practices are employed by 
people in SWCRB, such as rainwater harvesting, plantation of different rice varieties, 
gardening of indigenous vegetables, and pond sand filtering. However, the construc-
tion of multipurpose cyclone shelters along with coastal afforestation contribute 
towards building resilience in the SWRCB from the socio-economic and environ-
mental perspectives. Therefore, this study would help to find the most adequate 
strategy towards climate change adaptation and sustainability.
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Introduction 

Adaptation is the process by which local communities, such as those in the south-
western coastal region of Bangladesh (SWCRB), deal with new challenges such as 
climate change. Specifically, it involves a holistic approach to increase resilience 
towards shocks and risks, which may not consequently cause greater or equally 
negative impacts on the community (Mistry and Berardi 2016). During the twen-
tieth century, major climate change events took place, including rising sea level, 
temperature increase, changing rainfall patterns, and reduction of ice and snow (IPCC 
2022), causing direct drastic impacts on the global ecosystem, even in the twenty-first 
centuries. 

The concept of adaptation is considerably new in the field of climate change as 
the mitigation of Greenhouse gases (GHGs) has received significant attention from 
policymakers and scientists, in the past two decades. Since the Marrakech Accords 
of 2001, adaptation methods have gained momentum in climate change negotiations 
(Eguavoen et al. 2015). However, the report from the Intergovernmental Panel on 
Climate Change (IPCC) on the significance of adaptation stated that adaptation keeps 
a footmark in diminishing acquaintance and vulnerability to climate change. 

Environmental adaptation requires evolutionary progressions, and, for humans, 
this comprises pre-emptive or sensitive natural transformations. With climate change, 
for instance, there are features that influence adaptational changes, especially when it 
comes to socio-ecological arrangements of these changes (IPCC 2022). Adaptation 
is defined as the process to adjust to real or anticipated climate changes and its 
impacts, with preparation of damage or gain of useful prospects. In a natural context, 
adaptation is the procedure of adjustment to real climate and its consequences through 
human interference (IPCC 2022). Thus, adaptation is an option for the people who 
will be affected by climate change, such as the inhabitants of the South Asian region 
(Aryal et al. 2020). 

The IPCC working group II’s latest report on Impacts, Adaptation, and Vulner-
ability (IPCC 2022) clarifies different types of adaptation: Incremental or gradual, 
slow rate adaptation; adaptation that sustains or progresses the crux and veracity of 
a structure at a specified gauge; transformational or sweeping adaptation; adaptation 
that changes traits of socio-ecological settings due to climate change; options/choices 
in adaptation; Accessible tactics and procedures for adaptation focusing on phys-
ical, environmental, official, or interactive activities; capacity/scopes of adap-
tation; for living beings, establishments, and other entities to conform with 
advantages/disadvantages and impacts of climate change to reduce climatic events, 
though protection from hazards through adaptive arrangements is tricky to accom-
plish. 

SWCRB, due to its socio-economic and geomorphic location, remains the most 
vulnerable to sea-level rise (SLR) (Brammer 2014; Hossain and Szabo 2017). By 
the year 2100, 0.53–0.97 m of SLR is projected across 37 coastal stations, with a 
global SLR of 0.09–0.88 m (Asirul et al. 2019). Approximately 1.54 million people 
would face the damaging effects of SLR of 1 m by the year 2070, and ∼13 million
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people would be facing permanent relocation (World Bank 2013). Multiple impacts 
of climate change would severely affect the poorest nations, especially their food 
and water sources. It would affect millions of people and consequently harm the 
economic growth of countries. From an international perspective, Bangladesh is 
often viewed as one of the most vulnerable nations to climate change (Chen and 
Mueller 2018); SWCRB would be one of the most affected due to its sensitive 
hydro-geophysical location and socioeconomic conditions (Akter and Ahmed 2020; 
Mehzabin and Mondal 2021; Kabir et al. 2021). The region already has a vast number 
of victims of climate change. At the same time, these regions have become a testing 
ground for small-scale adaptation measures, which are particularly suitable for small 
communities. 

This study reviews local adaptation strategies along with potential impacts of 
SLR in the SWCRB (Alam et al. 2017; Asirul et al.  2019). Furthermore, this paper 
showcases possible sustainable adaptable measures and local adaptation in SWCRB. 
Its findings are based on a literature review, primary field data collection, focus 
group discussions (FGDs), case studies, interviews and population surveys. The 
aim of the study was to observe the local adaptation practices in the SWCRB. The 
specific objectives were to lineup current adaptation practices and identify sustainable 
adaptation practices in SWCRB. 

Materials and Methods 

Study Area 

The study area was Shyamnagar upazila situated in Kulna Division in the Satkhira 
District in Bangladesh. There are 46,592 households in the area, spread across 
1968.24 km2 (Fig. 5.1). The main rivers that surround these areas are Kobadak, 
Rayamangal, Kholepetua, Kobadak, Arapangachhia, Hariabhanga, Malancha, and 
Chuna (BPC 2001). Landless farmers accounted for 19%, small farmers accounted 
for 30%, marginal farmers accounted for 28%, middle-class farmers accounted for 
16.5%, and wealthy people accounted for 6.5% among the local farming community; 
the arable land per capita was 0.13 ha (Cultural Survey Report of Satkhira District 
2007).

The SWCRB is a part of the Ganges Delta and is composed of alluvial soil carried 
by the upstream water. This part mostly consists of coastal wetlands (70% of the 
landmass) and is connected by a network of rivers in the Bay of Bengal. This coastal 
region forms the lowest landmass (0–30 cm mean sea level), is part of the delta of 
the extended Himalayan drainage ecosystem, and is highly vulnerable to multiple 
threats from climate change, such as hurricanes, storm surges, floods, and tsunamis 
(Mallick et al. 2017). The Sundarbans mangrove forest, which are adjacent to the 
world’s largest mangrove forest and a UNESCO world heritage site, protect this 
region from tidal surges (Brammer 2014). Natural calamities such as tidal surges,
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Fig. 5.1 Geographical location of south-western coastal region of Bangladesh

cyclones, land subsidence, and water logging are a common occurrence in this part 
of Bangladesh, and they play a major role in the lives and livelihood of the people 
(Roy et al. 2017). 

Data Collection 

Both primary and secondary data were collected for the study. At Shaymnagar 
upazila, key informant interviews (Ngo et al. 2019), case studies (Yin 1994), work-
shops, and 26 FGDs were organized, including members from the local neighborhood 
and innovators, especially during the field visit; additionally, an open discussion 
was conducted. A detailed, close-ended questionnaire all-inclusive of economic, 
social, and environmental aspects of the current adaptation protocol was used for 
data collection. 

Following a participatory approach (Burdon et al. 2019), the community-based 
climate adaptation practices in the exposed coastal area were identified. We 
ensured the collection of comprehensive ideas and qualitative information from all 
types of participants, including under-privileged and vulnerable communities, and 
government and non-government actors.
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Following the literature review and initial desk study, a broad range of partic-
ipatory rural appraisal tools (Chambers 1994) were used, including detailed inter-
views, interviews with key informants and FGDs (Morgan 1997; Wibeck et al. 2007). 
Numerous community meetings with multi-stakeholders were conducted at all the 
unions, where the stakeholders were asked to present innovative adaptation processes. 
The FGDs and meetings were on a voluntary basis and held at common and conve-
nient places where the concerned parties were able to discuss issues and express 
their ideas and concerns independently. The first author used a recorder to record the 
meeting, as well as before the discussion explained the purpose of the session. All 
members were encouraged to talk freely and ask questions at any time during the 
session, and subsequently, individual consent was obtained. In the seasonal liveli-
hood calendar, the age, occupations, income and education of local people and the 
available livelihood assets were noted. With the consent of the participants, a climate 
change adaptation checklist was used, demonstrating other benefits. This prompted 
a guided joint discussion to develop a common understanding of the pressing issues. 
The members of the community meeting included Union Parishad representatives, 
local women and school teachers, farmers of both genders, members of the civil 
society and non-governmental organizations (NGOs), and journalists. 

Quantitative Sample Size Determination 

A reliable examining approach was employed for the study (Table 5.1). A 95% 
certainty level was considered to test the example, delegated similarly for every 
union and appropriated proportionately as per populace. Respondents were selected 
based on their gender, age, physical challenges (if any), ethnicity, minority status, 
and economic status. 

The testing approach and measurable formula used has been presented below:

Table 5.1 Detail of quantitative sample size distribution 

Type of 
respondents 

Union 
coverage 

N n Female 
numbers 

Male numbers Percentage of 
youth 

Risk and 
hazard 
analysis 

12 318,254 387 189 198 35.5 

Social 
vulnerability 
and adaptation 
analysis 

09 242,392 320 98 222 25.5 

where N is the target population size; n is sample size; e or the admissible error in the estimate is 
5% 
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n = z2.p.q.N 

z2. p.q + (N − 1)e2 
(5.1) 

whereas, 
n = Sample size 
N = Target population size 
e = Admissible error in the estimate 
p = Proportion of defectiveness or success for the indicator 
q = 1 − p 
z = Standard normal variable at the given level of significance. 
For ensuring representative sample size from each union, equal sample size was 

used. Sample size distribution through stratified random sampling is provided in 
Table 5.1. 

Closed-ended questions were used to collect quantitative data from respondents 
in two levels including 707 random households in a multi-stage sampling design: 
(1) 387 households surveyed for risk and vulnerability assessment—performed in 12 
unions of Shyamnagar upazila; (2) 320 households surveyed to study local adaptation 
to climate change—performed in nine unions of Shyamnagar upazila. 

Limitation of the Study 

Our investigation did not reflect the organizational adaptations required by soci-
eties in response to climate change. Susceptibilities determined by organizations 
only replicate on a timescale, reflecting social weakness, creating outlines of adap-
tive arrangement trade-offs, and prevents flexibility in adaptation. Thus, barriers and 
restrictions to climate change are socially built, but cannot be rebuilt without effort. 
However, there will be restrictions to adaptation if the social fluctuations are slug-
gish in response to climate change, which, with more alterations, creates additional 
implications. A number of hypotheses reflect barriers and boundaries in adapta-
tion. For example, the financial limits to adaptation (Eisenack et al. 2014) can be 
understood when the financial adaptation surpasses the expenses from effects. This 
was not included in our investigation, however. We did include optimistic selections 
of adaptation for people’s reactions and susceptibilities to threats in our systemic 
investigation. 

Concept of Adaptation 

Adaptation to climate change is defined as the process of adjusting behavior or finan-
cial structure, inclusive of its short- and long-term effects. Adaptation to climate 
change is the process through which the vulnerable group can lower the impact of 
climate change on their livelihood and attain maximum opportunities for employment
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(Carman and Zint 2020). In 2007, the IPCC defined adaptation as the environment’s 
adjustment, both natural and built, in reaction to the predicted and observed climatic 
conditions and their negative effects, mitigating the harm or improving the exploita-
tion of useful opportunities. Broadly, adaptation can be categorized as anticipatory, 
planned, and self-directed (O’Brien et al. 2014). The most recent report from (IPCC 
2022) outlines various types of adaptation, as for example: incremental adaptation or 
gradual and slow rate adaptation: adaptation that sustains the root and veracity of a 
structure or progression at a specified scale. Transformational adaptation or compre-
hensive adaptation: adaptation that alters the essential traits of a socio-ecological 
setting in expectation of climate change and its consequences (IPCC 2022). Adapta-
tion options/choices: the collection of tactics and procedures that are accessible and 
suitable for focusing on adaptation. They comprise an extensive series of activities 
that can be characterized as physical, official, environmental or interactive. Adaptive 
capacity/scopes: the capability of locations, establishments, humans and other enti-
ties to fine-tune with likely impairment, to yield benefit of prospects, or to respond 
to impacts. The adaptation process for the impact of climate change which will be 
performing the purposes of reducing climatic events but cannot be protected from 
unbearable hazards through adaptive arrangements (IPCC 2022). 

Framework of Adaptation Practices in the South Western 
Coastal Region of Bangladesh 

Anthropological investigation proposes that the most robust and adaptive social units 
over extended periods may be the domestic ones, such as household circles and 
extended families, instead of the public or state (Thornton and Manasfi 2010). House-
holds adjust to patterned yet varied ways to the strains of contemporary weather, food, 
water, and financial emergencies (West 2009). The exclusive ability of families to 
be involved in procedures of extension and disintegration as defined by ecological 
constraints is a critical factor in their adaptability. 

Smit et al. (2000) offers an applied method for categorizing features of traditional 
adjustment centered on who/what has to adjust (the scheme of concentration), what 
they have to acclimate to (the incentive), and how they familiarize (the practices and 
methods). The scheme of adaptation can differ from an entire system or nation to indi-
viduals or species. It may be adjusting to longstanding mean climate inconsistency, 
climate extravagances, forthcoming climate change, or the risks and opportunities of 
climate incentives, among other things (Thornton and Manasfi 2010). The adapta-
tion procedure itself can differ in resolution, timing, temporal and spatial range, and 
arrangement (technological, collective, and influential). 

Considering the active and intricate traits of adjustment in the population of 
SWCRB, a multifold strategy that revolves around eight crucial processes of broad-
scale human adaptation was presented. These processes were mobility, exchange,
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allocating, sharing, variation, strengthening, novelty, and revival (Workshops, 2017– 
2019). Each procedure has a distinguishing unique motivational base. The above 
adjustable procedures include local acquaintances, acquiring lessons, and organi-
zations at numerous measures, from the most rudimentary families in SWCRB 
(Table 5.2). Therefore, adjustable procedures must be assumed as both factors of 
modification and responses to adjustment in the native setting. 

Table 5.2 Local adaptation and behavior in reaction to climate change in societies of SWCRB 

Adaptation practice Narrative Illustration 

Mobility Periodic movement or perpetual 
relocation to evade peril or in quest 
of better conditions 

Seasonal, temporary and permanent 
migration 

Interchange The movement of material and 
symbolic goods and services 
between people 

Handover of customary information 
across to generations, e.g., house 
construction. Providing information 
for land uses, e.g., farmstead 
gardening and mangrove plantation 
(UDMC) (WDMC) 

Allocating Managing the spread or ingesting 
of limited or acute assets among the 
people 

Recovery relief from Government 
and NGO 

Sharing Spreading or involving of new 
livelihood options across social 
clusters 

Allocation of new scientific 
information and expertise, Local 
knowledge concerning climate 
change adaptation 

Variation Diversifying food, earnings 
production tactics, and specialty to 
augment livings 

Modifying agricultural excellence 
and profession, such as shrimp 
agriculture and women 
entrepreneurship saline endurable 
rice 

Strengthening Growing the obtainability of assets 
by increasing their harvest 

Individual yields in winter and 
saline endurable vegetables in 

Novelty New, scheme that arises to deal 
with a definite necessity 

Biofuel for culinary need, and 
renewable energy practice, 

Revival Systematized reconfiguration of 
dogmas and performances to 
decrease strain and generate a more 
pleasing culture 

Utilizing conventional information, 
association, and skills. Embankment 
project 1960–1980, ‘Sorjan method 
agriculture; National Adaptation 
Plan of Action (NAPA) and the 
Bangladesh Climate Change 
Strategies and Action Plan 
(BCCSAP)’ 

Workshops (2017–2019)



5 Local Context of Climate Change Adaptation ... 85

Results 

Climate Risk and Vulnerability in South West Coastal Region 
of Bangladesh’s 

Disaster risk is defined by the probability of catastrophic consequences, or predicted 
loss of lives, property, livelihoods, and disruption of the economy (or damage to the 
environment) as a result of collisions between man-made or natural-induced hazards 
and vulnerable conditions, such as Cyclones Bhola in 1970, Sidr in 2007 and Aila in 
2009 in coastal Bangladesh (Hadi et al. 2021). Hazards materialize into disaster risk 
when they collide with social, physical, economic, and environmental vulnerabilities. 
A hazard is an occurrence, a phenomenon or an event with potential to cause death, 
destruction of environment or loss of property (Haase 2013; Smith 2013).

Vulnerability is defined as the susceptibility to hazard of a community and 
prevailing factors—socio-economic, political, and physical—that negatively affect 
the capability to respond to such events (Nur and Shrestha 2017). The combined 
susceptibility of a community to possible damage by a specific hazard within a 
particular time-frame is referred to as community-based disaster risk (Davies et al. 
2015). Assessment and management of the risk rooted in physical, environmental, 
and socioeconomic vulnerabilities should be a continuous process (Fekete et al. 2010; 
Wisner et al. 2014). Disaster risk management measures include mapping and esti-
mating hazards, determining risk elements and their susceptibility to specific hazards, 
and developing actions for risk reduction (Menoni et al. 2012). 

The calculation for risk is presented as in Tate 2012: 

Risk = Hazard × Vulnerability (5.2) 

Additionally, risk is calculated as a part of capacity, vulnerability, and hazard (Van 
Riet 2009). People dependent on the Sundarban forest for their livelihoods have 
switched their professions because of the climatic disaster. Numerous negative 
impacts, especially for coastal communities have been predicted in the aftermath 
of climate change. Most respondents also face challenges for their livelihoods, such 
as saline intrusion, tidal surge, heavy and poor rainfall, rapid flooding, resulting in 
local-based adaptation practices. They have to repair or build a raised, strong pond 
wall to block saline water, as well as use netting to protect crabs from heavy rainfall 
and inundation. Flooding by saline water during a storm surge or breach of a coastal 
embankment affects parts of tidal and estuarine coastal plains. Generally, salt intru-
sion from flood water penetrates deep into the soil in the pre-monsoon season as the 
soil is relatively dry (Ahammed et al. 2018). 

Figure 5.3 represents the scenario of loss or damage which has been conceived 
by the respondents during hazards in the last 50 years. Majority of the respondents 
mentioned that agriculture and fish farming have decreased because of hazards such 
as salinity intrusion and flash floods in the last 50 years.
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Categorization based on climatic conditions, risk and 
capability in the SWCRB 
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Fig. 5.2 Sorting based on climatic occurrence, vulnerability, risk and ability in the SWCRB (n = 
387). From Fig. 5.2, 387 respondents voted each component of the figure to represent sum of high, 
medium, and low

Adaptation 

Confrontation and Preparedness for Disasters 

Bangladesh has seen a tremendous improvement in confronting disasters and devel-
oping preparedness. However, many are unaware of the interpretation of the warn-
ings. Though the majority of people received early warnings of the storms, 4% were 
unable to understand the differences in the signals. 

Figure 5.4 represents the respondent’s perception of the early warning system 
used in the study area. The early warning system is an essential initiative to alert 
people about upcoming natural disasters. In this regard, 95% of the respondents were
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Fig. 5.3 Strong or massive disasters in recent 50 years and types of hazards with loss (n = 320)

aware of the early warning system. A total of 61% of the respondents confirmed the 
reception of early warnings through announcements about the upcoming disaster, 
while 22% of the respondents mentioned that Cyclone Preparedness Programme 
(CPP) volunteers play a great role in conveying early warnings about disasters and 
the mode of action to be undertaken. Besides all these, people get early warnings 
through radio and television before a disaster occurs. When the respondents have 
been asked if they understand the signals of climate change, 79% of the respondents 
responded affirmatively. Most of the respondents indicated that signal seven of the 
early warning system indicates leaving the house and going to the cyclone center, 
while 3.8% of the respondents indicated that pregnant mothers, children and elderly 
people should go to the cyclone center as soon as possible. Approximately 57.8% 
of the respondents have stated that they went to a shelter center during the disaster 
period, while 10% of the respondents mentioned staying in their own house. Besides 
this, 25% and 7.2% of the respondents have indicated that they went to Bandh and 
to relatives’ houses during the last disaster.

Adaptation by Agriculture, Fish Farming and Structural Level 

In the SWCRB out of total population, 43% of the population being under the poverty 
line and is prone to multi-hazards (Islam 2015). Technology like homestead and 
plinth raising, high pond boundary, harvesting of rainwater, earthen embankment, 
cultivation of saline tolerant fish, crab fattening, and cultivating salt systems were
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Fig. 5.4 Adaptation through the early warning system (n = 320)

also useful and effective ways under the study to reduce climatic risks as well as 
to ensure climate resilient adaptation practices. As mitigation of the effects is not 
possible, adaptation to the impacts of climate change is a natural choice for the 
residents of SWRCB. The existing adaptation practices (Table 5.3) are categorized 
based on sectors and seasonality.

Interviewees mentioned planting Napier grass, Keora plants from Sunderabans 
on fallow land, lowlands, and homesteads around farm dikes and also cultivate 
small-scale fish, especially Baghdad, at the household or community level. They 
collect immature and soft crabs from the streams in the Sundarbans and raise them 
in ponds until they reach a marketable size (150 g) and strong enough for liveli-
hood (fish farming). They also grow mile in salt-rich areas. Another adaptation 
strategy is planting vegetables and spices on the embankments of farmland, shrimp 
ponds, and homestead fish ponds. At the household level, locals grow gourds, pump-
kins, seaweed, sweet pumpkins, and other vegetables in suspended earthen pots and 
baskets, in addition to growing vegetables on floating beds in flooded areas. People 
have also restarted raising poultry and ducks to increase household income and meet 
the protein needs of the family. 

People in SWCRB prefer shrimp-fish and prawn-fish polyculture in freshwater 
and saltwater ponds, respectively, at family and community levels. They also grow 
Goalpata on the river floodplains or in homesteads around ditches and lowlands. In 
addition, one of the adaptation strategies is to bypass the flood season and plant rice, 
especially during the overlap period of kharif-1 and kharif-2 (May to mid-August).
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Table 5.3 Local adaptation events that are reducing climatic risk as well as exploring climate-
resilient livelihoods in vulnerable communities 

Adaptation Adaptation segment Participant code/informer 
under 12 unions 

Adapt to salinity Grass Cultivation, Cage 
aquaculture, Crab fattening 

Participant 33, Participant 34, 
Participant 35, Participant 36 

Adapt to cyclones, storm 
surges, tides, floods, 
waterlogging and high salinity, 
severe erosion in the rainy 
season 

Keora Nursery, Mele (Reed) 
Cultivation, Cattle Raising, 
Shrimp-fish mixed cultivation, 
Growing local rice variety (BR 
28), Goalpata Cultivation, 
Keora Cultivation, Vegetables 
cultivation on raised mound 
with concrete wall, Fish 
vegetables combined 
cultivation, Eter Paja 
(Household Level Brick-kiln), 
Dyke cropping, Hanging 
vegetables, Hydroponics, 
Poultry farming, Cropping on 
raised mound-vegetables, 
Homestead gardening, 
Combined cultivation of fish 
and hanging vegetables, Aman 
rice and fish (Bagda, Golda, 
Rui, and katla) combined 
cultivation 

Participant 37, Participant 38, 
Participant 39, Participant 40, 
Participant 41, Participant 42, 
Participant 43, Participant 44, 
Participant 45, Participant 46, 
Participant47, Participant48, 
Participant 49, Participant 50, 
Participant 51 

Alternative income generation, 
Innovative income generation 

Apiculture—Bee keeping and 
honey, Vegetables cultivation 
on the banks of homestead fish 
pond, Vegetables cultivation on 
homestead yard, Shrimp 
cultivation at homestead 

Participant 52, Participant 53, 
Participant 54, Participant 55, 
Participant 56, Participant 57, 
Participant 58 

Adapt to drought Local rice variety (T-Aus.) Participant 59, Participant 60, 
Participant 61, Participant 62, 
Participant 63, Participant 64 

Adapt to the salinity of 
groundwater and even most 
surface water bodies 

Purification of pond water 
using govt. supported filter, 
Purification of pond water 
using traditional knowledge, 
Rainwater harvesting in 
rectangular concrete tank, 
Rainwater harvesting through 
hanging canvas while raining, 
Pond Filter 

Participant 65, Participant 66, 
Participant 67, Participant 68, 
Participant 69 

Structural Adaptation to pests 
and insects 

Gola (a granary, a storehouse 
for grain) 

Participant 70, Participant 71, 
Participant 72, Participant 73

(continued)
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Table 5.3 (continued)

Adaptation Adaptation segment Participant code/informer
under 12 unions

Structural Adaptation to strong 
force of cyclone wind and tidal 
surge, riverbank erosion, 
coastal flooding and salinity 

School cum cyclone shelter, 
Bamboo made piling, Bamboo 
cage—to protect riverbanks, 
Raising plinth 

Participant 74, Participant 75, 
Participant 76, Participant 77, 
Participant 78, Participant 79, 
Participant 80, Participant 81, 
Participant 82 

Structural—Adaptation Lower house roofs for houses 
with stronger disaster 
resistance (Low house)-Lower 
house roofs as much as 
possible to avoid the 
destructive power of strong 
winds in hurricanes 

Participant 83, Participant 84 
Participant 85, Participant 86, 
Participant 87, Participant 88, 
Participant 89, Participant 90, 
Participant 91, Participant 92 

Structural—Adaptation Earth embankment for 
protection of salt water and 
embankment is built by the 
local community 

Participant 93, Participant 94, 
Participant 95, Participant 96, 
Participant 97, Participant 98, 
Participant 99 

FGD, Interview, Workshops (2017–2019)

Different vegetable types (such as vegetables, bitter gourd, lady fingers, peppers, 
broccoli, cabbage, radishes) are grown in the elevated yard with fish in the same 
swamp. One corner of the plot is raised high enough to avoid being submerged by 
normal coastal flooding. Raising the plinth of a house is an important measure to 
respond to flood and tidal surge hazards as it reduces flooding, and allows for an 
opportunity to prepare compost and start vegetable gardening and poultry farming. 

In response to salinity-vulnerable hazards, fattening the crab is another original 
livelihood adaptation procedure for the inhabitants of exposed SWCRB. The owner 
of the crab fattening facility can meet the needs of their own consumption, ensuring 
the nutritional security through own resources. It also provides an opportunity for 
extra earnings in the local market due to the high demand for these products. The 
lime-treated pond walls prevent saline intrusion and store rainwater, which improves 
the environment around the area and creates an opportunity for tree plantation. An 
example of alternative livelihood adaptation is found in the mono-sex Tilapia fish, 
as it responds well to salinity-prone climatic hazards of the SWCRB with its higher 
tolerance to salinity compared with other fish. Thus, it is a beneficial fish to farm, 
and the raw materials required for this are locally available throughout the year. 
Furthermore, one production of fish cultivation only takes three to four months and 
is continued all year round, only being restricted by water availability (Fig. 5.5).

Ninety-eight respondents use harvested rainwater for drinking and household 
activities. The deep and shallow water tube-well was not a successful approach due 
to excessive salinity. A considerable segment of households in this region purchases 
drinking water. Considering this, harvesting rainwater is an important ingenious 
livelihood option to ensure safe drinking water availability in coastal areas. Water
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Fig. 5.5 Existing practices for safe drinking water adaptation (n = 387)

collected during the monsoon is used only for drinking and is preserved for the 
next five months to use through the drought season. Seventy-one respondents used 
pond water through proper pond management, including heightening the pond bank, 
removing unnecessary trees and plants from the pond. 

Sixty-one respondents use pond water refining via government-maintained filters. 
Through these filters, pond water can be easily purified for drinking and other house-
hold activities. Additionally, 61 respondents use filtering ponds for their house-
hold drinking water needs. Fifty-eight respondents use pond water for their daily 
household activities via deep-rooted knowledge of multi-layer water purification. 

Due to different climatic disasters, complicated hydro-geological conditions, and 
adverse water quality, the exposed areas and islands and the coastal belt is identified 
as a crisis area with water shortage. The saline intrusion from the tidal surge causes 
severe problems for drinking and domestic use of water. Water from nearby ponds, 
canals, ghers and rivers is mainly used for domestic purposes while pond is the source 
of potable water. To prevent salt water ingress and coastal flooding, the height of the 
pond boundary has been raised by around one meter (Table 5.4).

Adaptive Alternatives in Relation to Adverse Situations 

Occupational changes: People dependent on the Sundarban forest for their liveli-
hood had to change their professions due to catastrophic destruction within the 
Sundarban forest (Mozumder et al. 2018). Simultaneously, people working in the
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Table 5.4 Local adaptive alternatives in relation to adverse situations in the societies of SWCRB 

Adaptive alternatives Counta Percentage of responses 

Financial management for health care 50 15.6 

Alternative adaption through microcredit /loan 88 27.5 

Occupational changes 176 55 

Migration as an alternative process 80 25 

Social networking 92 28.8 

Savings 28 8.75 

Others 112 35 

aMultiple Response: N = 320, Source Field Survey, 2017–2019

profession of farming shrimp needed diversification of their income due to destruc-
tion of farms and with no possibility to recover their capital. As a consequence, 
workers were relocated to cities nearby as they were displaced (Ahmed et al. 2019). 

Financial management for health care: Respondents resorted to adaptive 
measures for alternative means to fulfil their healthcare through diverse sources of 
finance, including loans, selling ornaments and cattle and alternatives such as tradi-
tional medicinal practices, self-medication, and discussion with friends and fami-
lies. According to Chowdhury et al. (2020), the reduction of capacity for decreasing 
vulnerabilities is correlated to informal and formal forms of economic, technical, 
social, cultural, and physical obstacles. Therefore, it can be stated that these factors 
are hindering the ability to adapt to climate change, and this is also consistent with 
the findings of the research. 

Migration as an alternative process: Migration is common after cyclone disas-
ters, especially in the middle-income groups, with there being at least one migration 
per family. The low-income groups receive donations from both government and 
non-government organizations, removing the need for migration. Seasonal migra-
tions have increased, as respondents are more frequently moving to other towns and 
villages. There, the work consists of physical labor, such as working in the rice 
fields or making bricks. This migration is mainly temporary, though it is impor-
tant to consider the probability of permanent migration. For example, it is common 
for at least one family member to migrate to earn money for their survival, though 
the family, generally, relies on them staying in the village. Permanent migrations, 
however, have increased and are reflecting an influx of people from coastal villages 
to towns for survival. These migrations are results from both economic reasons and 
scarcity of land. Furthermore, migrations do not only reflect people moving from 
one village or town, but also within their own village. Natural disasters also create 
lifestyle changes for villagers when they are forced to move from agricultural profes-
sions to fishing. For instance, villagers mainly catch fish from the Sundarban, but 
the over-use of this natural source has forced the government to implement policies 
for a safer ecosystem. Thus, the inland fishing is mainly controlled by the rich, as 
the villagers are forced to move to coastal farming. Furthermore, villagers face a
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decline in food, work, and life necessities, as their land has been lost to saline water 
or erosion, resulting in migration. 

Alternative adaption through microcredit: Through the FGD, Interview and 
workshops we came to know that in the poor socioeconomic status area like SWCRB 
is where the microfinance (MFI) comes in, as it is a financial service that provides 
support (i.e. small loans, insurance, savings accounts) to customers that do not have 
access to traditional financial services, mainly due to poverty. Microfinance, thus, 
play an important role in climate change, as it has a broad delivery infrastructure in the 
country with a good reputation for reliable service delivery, and can support climate 
change activities. For instance, certain microfinance promotes innovative and sustain-
able livelihood solutions, and can run vocational training, and awareness building 
programs. This helps build human and social capitals, and increases resilience of 
local communities. Moreover, households and communities can make decentralized 
decision, as there is high volume and limited values of the services by microfinance. 
microfinance also promote social inclusion and equity for women, making micro-
finance important catalysts for community-based adaptation in Bangladesh. Thus, 
providing microfinance to people who are most vulnerable to the impacts of climate 
change will enhance the adaptations for local communities. Microfinance can help 
these vulnerable communities in Bangladesh by creating climate sensitive schemes 
and mainstream climate change and disaster risk reduction in their operations. For 
instance, providing different insurances, such as agricultural insurance, can help 
provide financial options to combat climate-induced loss and damage. 

Besides, few respondents mentioned that 70% of all households, especially those 
afflicted by damage, took loans, including microcredits offered by NGOs to allow 
them to go back to their earlier professions. The repayment system was observed 
to be too strict. Only 10% of people were capable of surviving on their savings and 
assets prior to the disaster. 

Structural Adaptation 

Sixty-two percent of the respondents answered affirmatively for preparedness against 
hazards at a household level (Fig. 5.6). Dry food collection (26%), moveable woven, 
savings, collecting firewood, tiding house with bamboo (15%) and rope (16.9%), 
first aid box collection, tree plantation (13.1%) were adopted as preparedness at the 
household level. The mitigation steps at the household and community level involve 
mangrove plantation (29.19), renovating embankments (27.5%), improving sluice 
gates and river canals of coastal areas (18.1%), and using renewable energy (9.7%).

Other adaptation measures include schools with cyclone shelters, domestic brick 
kilns, granary (warehouse), goalghor (cow shed), bamboo piles (with bamboo 
fences), raising the base/plunch, lowering the house roofs, and fencing with bamboo, 
bran, and Gab tree fences (Fig. 5.7).
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Fig. 5.8 a A recently built embankment after cyclone Amphan through community people 
for coastal flood protection; b a multipurpose cyclone shelter center; and c coastal mangrove 
arboriculture 

Coastal Embankment Rehabilitation 

Prime adaptation approach against flooding and cyclonic storm surg is the devel-
opment of earthen embankments along the rivers and also community people are 
improving the parallel to the coastline for benefit agricultural production and flood 
protection (MoEF 2015). The community people are increasing the height of the 
embankments after the cyclone Amphan and which was important for reduce salinity, 
safe drinking water and health. Community people are developing plantations to 
strengthen the sloping face of the embankment under the social forestry regime 
(Fig. 5.8). 

Construction of a Multipurpose Cyclone Shelter 

In Bangladesh, multipurpose cyclone shelters are planned to accommodate 2,000 
people with various facilities, including heightened plinths, toilet installation on 
higher grounds, tube well installation, food storage, separation of washrooms on the 
basis of gender, and segregation of livestock (Asirul et al. 2019). 

Bank Protection 

Bank protection includes seawall and revetment to protect against coastal erosion 
(hard procedures; (Zaman and Mondal 2020; Crawford et al.  2020), which requires 
long-term maintenance and huge investment.
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Adaptation Through Coastal Afforestation 

Recently, flood mitigation measures in the coast zone have been enhanced by 
increasing plantation (190,000 ha mangroves till 2010 to 192,395 ha in 2013; 8690 ha 
of non-mangrove, 2873 ha of goalpata, and 12,127 km land strip) in the coastal area 
and also along the embankments by the Bangladesh Forest Department (MoEF 2015; 
Islam and Rahman 2015). The actual area under coastal plantation now stands at 
61,574 hectares due to destruction (BFD and UNDP 2018). 

One of respondent from Gabura Union said that Plantation prevents erosion on 
the coast, traps sediment, lowers the speed of the wind and water velocity, in addition 
to improving forest cover, alleviating degradation to the environment, serving as an 
efficient carbon sink, offering shelter and breeding ground for wildlife and fisheries, 
serving as source of livelihood, and adding to the aesthetic value of the region. 

Mainstreaming Community-Based Adaptation 

The process of mainstream adaptation revolves around a coordinated and systematic 
effort across stakeholders and institutions, as well as the integration of development 
plans on a local level for the purpose of reducing vulnerabilities caused by climate 
change and promoting adequate adaptation strategies (Roy 2018). 

The Bangladeshi government has taken all the steps necessary to facilitate the 
implementation of mainstreaming throughout all the sectors (DoE 2015), including 
capacity-building, sprained awareness, advocacy, and orientation at various levels of 
operation (Seddik0079 et al. 2020), and community-based adaptations (Roy 2018). 

Community-Based Adaptation 

CBA encompasses the needs, knowledge, capacities, and priorities to strengthen 
people’s resolve to prepare and endure the effects of climate change (Reid et al. 
2009). CBA encompasses many factors and is involved in participatory programs to 
improve, strengthen, and reduce vulnerabilities of livelihoods to improve resilience 
to climate-related disasters. It also involves disciplines such as ecosystems, liveli-
hoods, food security, and infrastructure. This approach acknowledges cultures and 
societies through climatic impacts and environmental knowledge (Seddiky et al. 
2020) to empower inhabitants to be able to take their own decisions and imple-
ment them. Therefore, it is a community-centric partnership that exists between 
communities and institutions or stakeholders and is an approach approved by many 
organizational stakeholders (Ensor et al. 2014). Certain initiatives taken at the 
local level include local radio, youth empowerment, awareness through inclusion
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in local curriculum, early warnings, alternative livelihoods, afforestation and refor-
estation schemes, coastal resilience through ecosystem functions, promotion of salt-
tolerant varieties, renovating boats and houses, potable water at low prices, and clean 
energy production. Satkhira Unnayan Sangstha, a regional NGO undertakes activi-
ties such as reed farming, promoting indigenous rice varieties, implementing water-
course cropping, commercialize salt-tolerant grass, harvest rainwater, providing 
artificial aquifers, establish social networks, empowering women, and increasing 
public awareness (FGD, Workshops, interview-2017–2021). 

Institutional Adaptation 

Priority areas for investment in coastal areas of Bangladesh include cyclone shelters, 
coastal level projects, coastal green belt projects, Sundarbans biodiversity conserva-
tion projects, different disaster management projects, construction of dykes, develop-
ment of polders, and cyclone shelters (MoEF 2009). Bangladesh developed a National 
Coastal Zone Policy in 2005 to coordinate coastal zone policies across ministries, 
departments, and agencies to coordinate their activities. The CZP proposed an insti-
tutional framework, recommended the protection of the coastline from soil erosion, 
flooding, and storm surges through a seaside embankment, which was later adopted 
by Bangladesh’s National Adaptation Action Plan (MoWR 2005). In addition, the 
Water Resources Planning Organization implemented a project to develop an Inte-
grated Coastal Zone Management Plan for 2002–2006 to develop capacity and 
prioritize actions for coastal development in Bangladesh (WARPO 2005). 

To address the issue of climate change vulnerability, the skills and practices of the 
local community are of prime importance in Bangladesh. The Bangladesh National 
Adaptation Program of Action and Bangladesh Climate Change Strategies and Action 
Plans (BCCSAP) have recognized areas affected by the climate and recommended 
urgent and immediate actions, but there has been a lack of initiative at the primary 
level to address this issue (MoEF 2009). Greater awareness in the poor and vulnerable 
communities, access to information and knowledge, engagement motivation, ability 
and skill to build local action for adaptation, use of proper technology and institu-
tional support to address the issue at local and regional level can be used to improve 
awareness. Climate smart policies and investments toward making the country more 
resilient to the effects of changing climate conditions, including loss of property, 
habitat, and infrastructure, are required for adaptation (Ensor et al. 2014). 

Figures 5.9 and 5.10 provide the during and after adaptation measures provided 
by the government and the types of initiatives taken. 75% and 40% of the total 
respondents have received assistance and first aid, respectively, from the government, 
while 80% received relief after the period.

A total of 87% of the respondents were also aware of the adaptation and miti-
gation initiatives taken by the government and the NGOs. These initiatives include 
renovating embankments, tree plantation, providing safe drinking water, and use of 
renewable energy.
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Fig. 5.9 During and after disaster adaptation through government and NGO (N = 320)

Public Anticipation of Their Upcoming Adjustment 
Mechanism 

Figure 5.11 depicts the inhabitant’s anticipation of the SWCRB’s upcoming adjust-
ment mechanism. These include raising the elevation of the ridge (embankment), 
availability of pure drinking water, rainwater collection system, provision of pond 
sand filters to ensure uncontaminated drinking water, availability of government 
hospital, obtainability of agricultural apparatus, soil fecundity by exploitation of 
organic fertilizer, planting salt-tolerant trees were some of the anticipated adjustment 
measures.

Discussions Through FGD, Workshop, Interview, and Case 
Study 

The coastal region of Bangladesh has been vulnerable to cyclones, floods, tidal 
waves, tornados, water logging, salinity, downpour, drought, river erosion, hail, and 
earthquakes. A depression in the Centre of the Bay of Bengal turns into a cyclone and 
assaults the coastal belt of the country, leading to storm and tidal wave inundation.
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Fig. 5.11 Public anticipation of their upcoming adjustment mechanism, multiple response (N = 
387)

When people are not able to cope with the hazards and calamities, they migrate from 
the coastal regions to other places. 

Due to the assault of cyclone Amphan, the dam made by the Water Development 
Board got destroyed and the village of Golakhali, near the Sundarban under Shyam-
nagar Upazila of Shatkhira district suffered extensive flooding. People rescued from 
the flood were taken to the shelter although this has become a periodical phenomenon. 
The income has also reduced due to the fish and crab farms being inundated. 

The coastal area of Satkhira had been experiencing strong winds and rain due to 
the impact of cyclone Amphan. The rivers alongside the Sundarbans coast become 
turbulent, and the tidal water also increased. Warnings were issued throughout the 
country and the inhabitants were brought to the shelter. More than 200,000 people
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took shelter in 1645 shelter homes in Satkhira, including the 145 shelters in Shyam-
nagar. The rest of the people took refuge in various safe places, such as schools and 
mosques. The four worst cyclone-affected upazilas of Satkhira were Shyamnagar, 
Asashuni, Kaliganj, and Satkhira Sadar. A constructed embankment and tube well 
could not prevent the flooding, and destruction of houses and power lines. 

Garbage, filth, and stench surrounded the inflicted areas. The biggest problem 
in coastal areas was the lack of drinking water due to submergence of freshwater 
ponds and tube wells in salt water. Water from tube wells was saline and arsenic-
contaminated. Flooding has also resulted in unemployment. Potable water was 
provided by NGOs at the corners of every village, which was still insufficient to 
meet needs. Adaptation measures to face these challenges include renovating the 
drinking water ponds, building dam, and assistance for the embankment from the 
local people. 

Funding was provided for construction of houses, additional grain production, 
and animal husbandry. The Water Development Board was also working to protect 
the banks of the river by building dams to prevent floods, install culverts and Swiss 
gate control systems for irrigation, and flood preparedness, providing awareness and 
repeated warnings. During the catastrophes, the inhabitants of the coastal region took 
refuge at the shelter centers, even though the participants did not initially pay heed 
to the message about the potential danger and the need to go to the shelter. 

During the catastrophe, the government, Union disaster management committee 
(UDMC), Ward disaster management committee (WDMC), volunteer organizations, 
the defense force, and local people helped in the evacuation of people to shelters. 
The ministry also kept 1,500 medical teams ready with abundant water purification 
tablets and oral saline. As a precaution, the local government engineering department 
and the public health engineering department cancelled leaves of absence for all staff 
in the 13 upazilas of the coastal region. The government employees were instructed 
to not leave their workstations and were also directed to maintain communication 
with the administration. The local government engineering department opened up a 
monitoring cell to take effective action after the storm to repair roads and culverts 
and to keep them moving. 

The Army was deployed to remove the trees that fell into roads, obstructing traffic 
and smoothening out the process after the cyclone Bulbul hit Shatkhira. Medical 
and rescue work was also carried out, while providing emergency relief and medical 
services. The Atulia Union Disaster Management Committee in 2018–2019 supplied 
tank for rainwater, sand filter renewal and tube well installation, supplying micronu-
trient powder to children between 6 and 23 months, and training programs for skill 
enhancement. Disaster risk reduction includes providing training on disaster reduc-
tion, organizing pot music sessions, repairing the muddy roads, digging pinds and 
canals, improving social accountability, and improving education, health, family 
planning, agriculture, fisheries and livestock, disaster management, social welfare, 
sewerage development, settling family disputes, and women and child development. 
UNICEF also undertook activities including providing nutrition knowledge, training 
on water and sewerage, child protection including awareness about the dangers of 
early marriage for girls under the age of 18.
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Analysis 

The concept of adaptation methods is still relatively new in the field of climate change. 
An important role in adaptation is played by the local adaptation approach to reducing 
vulnerability to climate change by using early warning systems as an immediate 
coping strategy. Several studies that have looked into local-level adaptation to climate 
change in Bangladesh (Rahman and Alam 2016; Rabbani et al. 2018; Hoque et al. 
2019) identified that the practice of this knowledge helps the community decide 
about ways to respond to changes in the environment and ways to adapt and improve 
their life conditions. Local knowledge has also proved important and complements 
warning systems. Paul and Routray (2013) mentioned that people could predict storm 
surges from a drop in temperature without waiting for the weather signal. 

Few studies have identified practices and countermeasures to overcome the sea 
level rise variability and change-related challenges. Examples of such are: floating 
vegetation in water-logged conditions (Dedekorkut-Howes et al. 2020), constructing 
a platform that floats during a flood for cattle refuge, constructing earthen embank-
ments with the support of bamboo fence and grass plantation to reduce water erosion 
of the soil (Afroz et al. 2016), introducing better drainage to prevent saline encroach-
ment into the soil, and rescheduling cultivation time in an effort to avoid the flood 
(Hussain et al. 2019). It was observed that the native rice varieties have the potential 
to withstand salinity, drought, tidal surge and water logging, which is very much 
expected under the climate change scenarios regimes (Nahar 2019). 

Another local-based adaptation involves elevating a large area of land to solve 
the serious drainage congestion and waterlogging caused by the sedimentation of 
major rivers. Integrated farming of crops, fish and livestock, cultivating salt-tolerant 
varieties plays an important role in increasing food production and income. Raising 
cultural awareness, creating earthen embankments to prevent saline water intrusion, 
preparation of vulnerability map, swimming lessons for children, raising awareness 
of climate change through Bangla folk songs are other measures. Mitigation measures 
including sluice gates, cyclone shelters, and embankments are vital to lowering 
disaster risk at the community level. Providing financial resources also improves 
hazard preparedness in addition to means like self-employment, vocational training, 
and micro-business opportunities. In addition, several initiatives including architec-
tural and other measures are in place to lower the vulnerability to disaster in this area. 
For example, a research study by Alam and Chowdhury (2010) Enhanced earthen 
stoves in SWCRB which are significant for the novelty of socio-economic change 
in Shyamnagar Upazila. The innovative earthen stove is an upgraded and altered 
version of the traditional stove that is primarily used by the villagers. Innovative 
stoves are made with good mud soils in the kitchen or outside the kitchen. Tiny-
price ingredients and simple technology are useful to make it safe, easy, low-priced 
and operative. SWCRB has been one of the pioneers in successfully implementing 
local-based climate change adaptation.
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Conclusion 

This study addressed two major topics related to adaptation to climate change: vulner-
ability to climate risks and adaptation strategies, both state-led and locally-based. In 
the perspective of risk and vulnerability people residing in the south-western coastal 
region of Bangladesh are anguished by extreme climatic perils, which gave rise to 
enormous hindrances for their livelihoods, life choices and socio-economic devel-
opment. Community engagement in adaptation is recognized as an effective way 
to reduce climate change vulnerability, especially SLR vulnerability, and increase 
community resilience worldwide. The impacts of climate change occur primarily at 
the local level, so local adaptation practices are important for proper resilience; thus, 
adaptation plans and strategies should be managed and implemented locally. It is 
essential that the vulnerability of areas be considered while devising these plans. 

In a nutshell, we identified a number of local adaptation practices that have been 
employed by vulnerable populations in response to climate change, which are influ-
enced by the societal culture of SWCRB, such as agility, interchange, allocation, 
sharing, variation, magnification, novelty, and revival are the sturdy connections to 
the effective attainment of SDGs (Table 5.2). In this study we evaluated the perils 
through the qualitative and quantitative method, and we observed that people of 
the SWCRB through numerous plans, activities, approaches, strategies to reduce 
the consequences of risks, the costs of perils and vulnerability, have taken count-
less effort. The adaptation approaches include early warning systems, saline tolerant 
agriculture, rainwater harvesting, secured drinking water adaptation, raising home-
stead and plinth, salt-tolerant fish farming, heightening pond boundaries, structural 
adaptation and increasing community resilience. Adaptive substitutes are imple-
mented in connection with opposing circumstances, structural adaptation in domestic 
setting and public domain. Adaptation initiatives comprise modernizing the drinking 
water filter, construction of dams, and community people engagement during the 
catastrophe for the construction of embankments. 

A range of adaptation initiatives are undertaken by diverse governmental organi-
zations and NGOs with the aid of state and global organizations like respondents have 
acknowledged, e.g., distribution of drinking water facilitated by NGOs. Throughout 
the calamity, the government, disaster management committee, volunteer organiza-
tions, the defense force, and local people aid in the evacuation of individuals to shel-
ters which is also a commendable adaptation tactic in the local setting. In Fig. 5.11, 
387 respondents selected imminent adaptation choices as a adaptation limit such as 
increasing the elevation of the ridge (embankment), obtainability of unadulterated 
consumable water, and accessibility of public hospital. Further, for houses with lack 
of capital, both governmental and non-governmental agencies could provide micro 
credit and training to farmers on adaptation strategies and skill development.
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Chapter 6 
Vulnerability Assessment on Agriculture 
in East Nusa Tenggara 

Mariana Silaen, Yudiandra Yuwono, Cynthia Ismail , 
Amanda Ramadhani, and Takeshi Takama 

Abstract Despite the region’s vulnerability, climate change adaptation strategies in 
poor contexts such as Asia are limited. A vulnerability assessment was conducted in 
one of the poor areas of Indonesia, East Nusa Tenggara (NTT) Province. The study 
demonstrates the future of the NTT agricultural sector, focusing on estate crops, 
particularly coffee. The assessment applied a three-domain function of exposure, 
sensitivity, and adaptive capacity based on (1) climate data and land suitability; 
(2) the commodity production data; and (3) socioeconomic, policy, and institu-
tional context, respectively. This study utilises climate data from as the exposure 
and the land suitability projection (the sensitivity) was obtained from modelling by 
Matlab and ArcGIS. As a semi-arid region, the viability of NTT’s agricultural lands is 
projected to decline due to increasingly prominent climate-change impacts. The result 
showed divergent temperature rises and precipitation patterns across the islands. 
Consequently, the suitable land would gradually decline for all estate crops in the 
region; hence, bringing these farmers out of vulnerability requires multi-prolonged 
climate-resilient agricultural practices. In addressing climate change, this study gives 
a holistic recommendation to increase the adaptive capacity by strengthening exten-
sion support, crops diversification, institutional change, added-value-chain, and the 
co-finance should be considered in the poor context like NTT province. 

Introduction 

Climate change impacts have become more severe across Indonesia, particularly in 
rural areas’ economic activities and environmental changes. Because the area is an 
archipelago, the Indonesian population mostly lives along the coastlines, including 
Sumatra, Java, and Nusa Tenggara Islands. the coastal communities are at high
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risk of suffering from negative effects and natural disasters, where flood, landslide, 
tornado, and drought were the top four disasters (Kuswanto et al. 2019). The shift 
in weather patterns is the main cause of worsening droughts and wildfires in the last 
two decades, negatively impacting the agricultural sectors and food security (Mayer 
et al. 2011). Climate change has exacerbated the vulnerability of East Nusa Tenggara 
at an alarming rate because it is island province and one of the major crop producers 
in Indonesia. 

East Nusa Tenggara, or Nusa Tenggara Timur (NTT), is located within the lesser 
Sunda Island in the south-eastern part of Indonesia (see Fig. 6.1). This province 
includes more than 1,100 islands, with the largest islands being Flores, Sumba, Timor, 
and Alor. With over 5.3 million people, the province is divided into 21 districts (kab.) 
and one autonomous city (BPS NTT 2021). Climatically, NTT is categorised as a 
semi-arid region that experiences four months of wet season (January–March and 
December) and eight months of dry season with moderate rainfall (BPS 2018). This 
climate shift significantly impacts the livelihood of the NTT population, particularly 
farmers. In 2020, the labour force reached more than 2.8 million people, around 
51% of whom was absorbed by the agriculture, forestry, and fishery sector and 
contributed 28.51% to the province’s gross regional domestic product (GRDP) (BPS 
NTT 2021). However, recent data places NTT as the third poorest province nationally 
after Papua and West Papua, with 21% living under the poverty threshold (BPS NTT 
2021). Although agriculture is the highest contributor to industrial, trade and service 
sectors, agriculture’s GRDP has decreased slightly since 2016. With rising concern 
about NTT’s agriculture, this paper entails vulnerability assessment focusing on 
coffee crop combined with a sustainable livelihood framework to assess the projected 
impact and adaptive capacity required for NTT. 

Fig. 6.1 Map of East Nusa Tenggara
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Materials and Method 

Vulnerability Concepts 

Climate change adaptation has two concepts of vulnerability, encompassing outcome 
vulnerability and contextual vulnerability (IPCC 2007; O’Brien 2011; Takama et al. 
2016). The perspective of outcome vulnerability is the overall effect of climate 
change, its impacts, and adaptive capacity. Meanwhile, contextual vulnerability 
assumes the main influence of potential characteristics of issues, context, purpose, 
and system. This study is based on the outcome vulnerability framework defined 
by the IPCC’s Fourth Assessment Report (AR4), which has been re-interpreted in 
the Fifth Assessment Report of the IPCC (AR5) with an alternative approach and 
terminology. However, since the updated framework tends to approach the disaster 
risk concept, this study opted for the AR4 definition. 

Vulnerability, according to AR4, is “…the degree to which a system is susceptible 
to and unable to cope with, adverse effects of climate change, including climate 
variability and extremes” (IPCC 2007: 6). Based on this definition, vulnerability is 
further defined as a function of three domains, comprising exposure, sensitivity, and 
adaptive capacity. 

Vulnerability = f(exposure, sensitivity, adaptive capacity) 

As the natures and the measures of these domains differ, each shall be assessed 
separately. For instance, exposure must be explored by considering the climatic 
analysis, including the current, historical, and projected climate change and vari-
ability and locations of the potential climate variations. Meanwhile, sensitivity can 
be investigated through the susceptibility level of the condition in an interference, 
such as agricultural productivity, cropping pattern input use, income inequality, or 
even employment migration (IPCC 2007). In terms of adaptive capacity, this domain 
is defined as the ability of humans or communities to adjust or cope with climate 
change variability. 

Framework of Adaptive Capacity 

There are different frameworks to assess adaptive capacity: the sustainable liveli-
hood framework based on assets (DfID 1999), paired with institutions and political 
contexts that influence their availability and mobility (Smit and Wandel 2006). This 
framework is chosen as it encompasses both a bottom-up (livelihood of the farmers) 
and top-down (support from the government is considered from policy and insti-
tutional context) perspective (Nelson et al. 2009) to assess adaptive capacity. The 
livelihood assets comprise:
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• Human capital encompasses skills, knowledge, and support labour activities to 
achieve livelihood objectives, such as health and education, as these two factors 
contribute to poverty.

• Natural capital comprises the natural resources that are beneficial and essential 
to achieving the livelihood objective, such as the atmospheric environment and 
biodiversity.

• Physical capital is the basic infrastructure and producer goods that can help achieve 
the livelihood objective. Infrastructure is the modification of the existing environ-
ment to help support the welfare; meanwhile, the producer goods include the 
equipment or tool that people use to support their functionality.

• Financial capital is the financial resources to reach the aim of livelihood and 
contribute to consumption and production, with two main sources: (a) available 
stocks, such as bank deposits, livestock, and jewellery and (b) regular inflows of 
money, such as salary and pension. 

Vulnerability Assessment 

Exposure is defined as changes in temperature and precipitation between current 
conditions and the future projection. Climate data and facts as part of exposure were 
collected from literature and modelling activities. The modelling was conducted 
with a downscaled WRF model and post-processed Matlab and ArcGIS. At its core, 
climate data includes the average value of the maximum and minimum temperature 
and precipitation. The climate data utilises the gridded data from Meteorological, 
Climatological, and Geophysical Agency of Indonesia (BMKG). The results for each 
sample point are then processed using categorised symbols into unique values and 
grouped into five ranges (very low, low, moderate, high, and very high). The reference 
period used in ArcGIS modelling is 1979–2004. 

The model has three scenarios: the baseline scenario, RCP 4.5 and RCP 8.5. The 
baseline scenario ranges between 1970 and 2004, where the activities flow in line 
with the business as usual. The RCP 4.5 and RCP 8.5 scenarios present the projection 
of three different time ranges, encompassing near future (2010–2039), mid-future 
(2040–2069), and far-end (2070–2099), as explained in (Table 6.1).

The second component, sensitivity, is translated through literature review and land 
suitability maps of the crop to climate variables derived from the FAO (1981) frame-
work, presented in baseline condition and at the projected time frame. The suitability 
will be divided into four categories: S1 (highly suitable), S2 (moderately suitable), 
S3 (marginally suitable), and N (not suitable). In addition to four livelihood assets, 
the adaptive capacity of the farmers will also explore policy context and existing 
institutional support from local, national, and international aspects. These dimen-
sions of adaptive capacity will be scoured through literature reviews and national 
data statistics.
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Table 6.1 Characteristics of RCP 4.5 and RCP 8.5 scenarios (Riahi et al. 2011; Thomson et al. 
2011) 

RCP 4.5 RCP 8.5 

Scenario type Stabilisation scenario Failed mitigation scenario 

Simulation Stabilisation to 4.5 W/m2 at 
stabilisation after 2100 

Rising radiative forcing pathway up to 8.5 
W/m2 in 2100 

Assumptions Existence of effective climate 
policies 

Rapid population growth, low-income rate, 
inadequate technological shift and energy 
development, long-term energy demand, 
increasing GHG emissions

Table 6.2 Comparison of productivity of key crops in NTT to national level 

Commodity Production area 
(ha) 

Productivity in NTT (ton/ha) National 
average 
productivity 
(ton/ha) 

Average 
production 
growth per year 
in NTT (%) 

Coffee 73,251a 0.325c 0.608d 6.62b 

Source a (BPS NTT 2019a), b (BPS NTT 2020), c (BPS NTT 2019b) d (BPS 2020) 

Context: Current Conditions of Agriculture Sector in NTT 

Agriculture has a big role in driving economic activity of NTT. The top five economic 
contributor of 2020 are staples crops production (7.75% to the province GRDP), live-
stock services and production (9.89%), fishery (5.75%), horticulture crops (2.2%), 
and estate crops production (2.34%) (BPS NTT 2021). Ninety-nine percent of staple 
crops and 82.5% of horticulture crops produced were consumed locally. On the 
contrary, estate crops such as coffee, cacao, cashew, and coconuts account for almost 
70% of exported commodities of the combined agriculture, forestry, and fishery 
industries. Estate crops are one of leading subsectors that absorbs the majority of the 
smallholder farmers in NTT. However, East Nusa Tenggara lags far behind the estate 
crops’ average productivity compared to other productive provinces in Indonesia, as 
shown in (Table 6.2). Therefore, coffee was selected to be investigated in the region 
in correlation with the climate change impacts. 

Coffee 

Coffee is one of Indonesia’s major plantation commodities. It grows on almost all 
islands in Indonesia and involves smallholder farmers. As one of the main coffee 
crop regions, NTT holds 57% of the national coffee production area with more 
than fifty-one thousand coffee farmers (DFAT 2016). From 2016 to 2019, the coffee 
production in NTT increased up to 6.62% per year and continued to grow every 
year (BPS NTT 2021). There are two types of coffee grown, (1) Robusta that is
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mainly grown at low altitudes and (2) Arabica that is grown at high altitudes and 
mountainous areas. Among other regions, Flores Island, particularly East Manggarai, 
and Ngada regency are the biggest Arabica coffee producing areas, with more than 
84% of the province coffee production. Thus, it is internationally known as kopi flores, 
traditionally managed without artificial agrochemicals (BPS NTT 2021). However, 
due to lack of knowledge and limited access to technology for Good Agricultural 
Practices (GAP) and post-harvest handling, the coffee productivity in NTT is lower 
than the national level, as shown in Table 6.1 (DFAT 2016). Therefore, coffee farmers 
there are still dependent on traditional cultivation methods resulting in low quality and 
yields are highly vulnerable. The climate also potentially jeopardises the production 
quality and quantity, causing many coffee-growing regions to become unsuitable for 
coffee plantations. 

Result and Discussions 

Exposure 

Observed Climate in NTT  

Indonesia has a balanced number of months for both wet and dry seasons, but the 
southern regions like NTT have a longer dry season. Based on 1981 and 2010 histor-
ical data from Global Precipitation Climatology Centre (Schneider et al. 2011), NTT 
annual average precipitation is approximately 1,696 mm, 36% lower than the national 
average rainfall (Fig. 6.2). Meanwhile, Vijendra K. Boken et al. (2005) previously 
estimated that Sumba and Eastern Flores have relatively longer dry seasons, lasting 
25 dekads (one dekad equals 10 days).

While the area experiences a longer dry season, the precipitation varies across the 
region during the wet and dry season (see Fig. 6.3). Higher precipitation during the 
wet season is mostly identified at the western part of Flores Island, the northern part 
of West Timor, the northern area and some eastern parts of Sumba Island.

The temperature also varies across the islands. The maximum temperature of 
NTT areas, such as Sumba Island, Ende, and some parts of West Timor, has reached 
more than 35.3 °C (see Fig. 6.4. Climate in NTT 1970–2004 (3) average maximum 
temperature (left); (4) average minimum temperature (right).). The maximum and 
minimum temperature maps also show that the southern coasts of each island, the 
smaller islands, and narrower lands experience relatively lower temperature vari-
ability, which is from 26.3 to 31.5 °C. The opposite occurs on the midlands and 
northern coasts, where the temperature range is larger, around 15.7° difference. 
Sikka and East Flores district have the lowest precipitation and temperature vari-
ability during all seasons (see Table 6.3. Climate in NTT 1970–2004 Precipitation 
and Average Temperature level according to District). Due to longer dry season and
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Fig. 6.2 Indonesia a and NTT b monthly average rainfall in 30 years between 1981 and 2010

low precipitation, NTT could lead to severe drought; difficulties in access to clean 
water and agriculture leading to crop failure, reduced income, food shortage, and 
potentially malnutrition and other diseases.

Projected Climate in NTT Province 

Echoing the ArcGIS findings above, most areas in NTT will reach even higher 
maximum temperatures if RCP 4.5 and 8.5 scenarios occur, as demonstrated in 
Fig. 6.5. In the observed climate, the moderate temperature is around 32–34.2 °C; 
whereas through the projected climate, most areas may experience 35 °C in both
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Flores 

Sumba 

West Timor 

Flores 

Sumba 

West Timor 

Fig. 6.3 Climate in NTT 1970–2004: (1) wet season precipitation (left); (2) dry season precipitation 
(right)

Fig. 6.4 Climate in NTT 1970–2004 (3) average maximum temperature (left); (4) average 
minimum temperature (right)

scenarios for 2040–2069, with Belu overshooting the 40 °C mark. As shown in 
Fig. 6.5. Projection of maximum temperature in NTT (2040–2069) the maximum 
temperature is even higher if RCP 8.5 occurs, except Southwest Sumba.

The same ArcGIS modelling study also claims that a divergent rainfall pattern may 
occur in NTT. It is shown in Fig. 6.6. Projection of precipitation trends in NTT that 
rainfall projections vary depending on districts. Overall, the result implies that the 
rainfall is projected to be much lower in scenario RCP 8.5 than RCP 4.5. Therefore, 
based on the highest maximum temperature and lower precipitation projection, some 
districts, such as South Timor and East Sumba, are highly susceptible to drought. 
An increase in rainfall is likely to happen in Manggarai, East Manggarai, and Sikka, 
hence, floods and landslides are likely to occur in those areas.

The projection shows the declining precipitation in NTT in both wet (December– 
January–February, Fig. 6.7) and dry (June–July–August, Fig. 6.8) seasons. Note that
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Table 6.3 Climate in NTT 1970–2004 precipitation and average temperature level according to 
district 

Category Wet season precipitation Dry season precipitation 

Very low Sikka, Flores Timur, Rote Ndao, TTS Sikka, Flores Timur, Rote Ndao, TTS 

Low Lembata, Sumba Timur Lembata, Alor, Kupang 

Moderate Alor, Sumba Barat, TTU Sumba Barat, Timur Tengah Utara 
(TTU) 

High Manggarai Barat Manggarai Barat, Sumba Timur 

Very high Manggarai, Ngada, Ende, Kupang Manggarai, Ngada, Ende 

Category Max temperature Min temperature 

Very low Flores Timur Kupang, TTU, TTS 

Low Ngada, Sikka, Alor, Rote Ndao Manggarai Barat, Manggarai, Ngada, 
Sumba Timur 

Moderate Manggarai Barat, Sumba Barat, Kupang Ende, Alor, Sumba Barat 

High Manggarai, TTS Lembata 

Very high Ende, Lembata, Sumba Timur, TTU Sikka, Flores Timur, Rote Ndao
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Fig. 6.5 Projection of maximum temperature in NTT (2040–2069)

the predominant pattern of wet season precipitation decrease begins from the southern 
coast of Sumba, Flores, and West Timor Island before approaching the midlands. The 
island region of Kupang, Rote Ndao, East Flores, and Lembata is already considered 
drier than other parts of NTT due to the geographical locations. If the decline in 
precipitation continues, the amount of arable land left will also diminish. In Fig. 6.7a, 
by 2039, only the northern part of Flores and West Timor will be left in the midland 
of Sumba as the regions with higher precipitation. Fig. 6.7c shows that by 2069,
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Fig. 6.6 Projection of precipitation trends in NTT

only the northern part of Flores Island and lesser West Timor northern coasts and a 
small area in Sumba Island will experience moderate to high precipitation. Finally, 
Fig. 6.7e indicates that by 2099, the lesser north coasts and midlands of Flores Island 
and a narrow region of midland West Timor will be the only regions that experience 
average precipitation during wet seasons. Both scenarios show similar coverage areas 
but the RCP 8.5 scenario shows lower range of precipitation (Table 6.4).

A similar case occurs during the projected dry seasons, where the lower precipi-
tation pattern approaches the coasts to the midlands (Fig. 6.8; Table 6.5). Although 
some areas will continue to receive very high precipitation due to higher elevation, 
such as Flores, this condition will create limited options for agriculture. It is also 
critical as El Niño will further decrease and disturb the rainfall in NTT. By the end 
of 2099, NTT’s decent precipitation level will be in the “moderate” level under both 
scenarios, ranging 183.7 and 290.5 mm. The dry month threshold is around 60 mm, 
and 180 mm will be the threshold cumulation over three dry months.

The spatial pattern of maximum temperature contradicts the precipitation pattern, 
with the highest number occurring at the midlands and/or the higher elevation levels. 
Two patterns of maximum temperature and minimum temperature are shown. The 
maximum temperature tends to be the lowest at the outer parts of the provinces, 
reaching 31.5 °C or less, particularly the southern coasts and narrower lands. Inter-
estingly, the maximum temperature in the midlands can be very high, up to 35.3 °C 
or more. The increasing propagation will start from the midlands and radiate to 
the coastal zones (Table 6.6). However, heat transfers between sea and land and the 
coasts will remain the areas with lower maximum temperatures than other NTT areas 
(Fig. 6.9).

While the minimum temperature spatial figure shows the opposite pattern, it is 
coherent with the precipitation pattern (Fig. 6.10. Minimum temperature projection 
in various time ranges under RCP 4.5 [left] and RCP 8.5 [right] scenarios). The 
temperature range between the coasts and midlands and/or the mountainous regions
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Fig. 6.7 Wet season rainfall projection in various time ranges under RCP 4.5 (left column) and 
RCP 8.5 scenarios (right column)

are different due to different heat transfer processes. Lower temperature range can be 
found at the coastal regions, particularly at the southern coasts (Table 6.7). Therefore, 
the mean temperature will follow the increasing trend as the projection suggests due 
to increasing maximum and minimum temperatures. This information can help the 
agriculture sector to determine suitable crops.
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Fig. 6.8 Dry season rainfall projection in various time ranges under RCP 4.5 (left column) and 
RCP 8.5 (right column) scenarios
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Table 6.4 Descriptive wet season rainfall projection in various time ranges under RCP 4.5 and 
RCP 8.5 scenarios 

Precipitation (wet season) RCP 4.5 RCP 8.5 

Near Future (2010–2039) Low precipitation: southern 
Sumba, south eastern and 
northern Timor, eastern and 
southern part of Flores, small 
islands in the south 
High precipitation: northern 
Sumba, Northern Flores 

The wet and dry regions are 
relatively similar to those shown 
under the RCP 4.5 scenario, with 
expanded areas: 
Low precipitation: north-western 
part of Flores and the western part 
of Sumba 
Moderate precipitation: middle 
part of West Timor following the 
topography relief of the lowlands 

Mid Future (2040–2069) Low precipitation: a few areas 
of the northern part of Flores, 
larger Sumba, lowlands Timor, 
eastern part of Flores 
High precipitation: midland 
Flores and Highland Timor 

Western coasts of Flores start 
experiencing drier conditions than 
the RCP 4.5 scenario projects 
Almost the whole Sumba will 
receive very low rainfall, 
meanwhile the lowland areas that 
receive low rainfall will expand 

Far Future (2070–2099) The projection shows similar 
condition to Mid Future 
projection under the RCP 8.5 
scenario 

The north-western coast of Flores 
will receive what is categorised as 
very low rainfall and the northern 
coast of West Timor will become 
drier. The only wet areas 
remaining are the highlands

Table 6.5 Descriptive dry season rainfall projection in various time ranges under RCP 4.5 and 
RCP 8.5 scenarios 

Precipitation (dry season) RCP 4.5 RCP 8.5 

Near Future (2010–2039) Very low precipitation: the  west  
and east coast of Sumba, as well 
as the southern coast of Flores 
and West Timor 
Narrow lands and small islands 
will remain the areas with very 
low precipitation 

Similar to RCP 4.5 scenario, with 
more emphasised and extended 
dry areas. Some areas with very 
high precipitation under the RCP 
4.5 scenario will receive 
moderate rainfall 

Mid Future (2040–2069) Low precipitation areas will 
expand. The contrast of 
precipitation level in each island 
will be higher lower than the 
Near Future time frame 

Similar to RCP 4.5 scenario, but 
with larger dry areas. 
Topographic influence is more 
prominent in this time frame 

Far Future (2070–2099) Only small areas are receiving a 
very high amount of rainfall and 
the midlands will mainly remain 
the wetter areas 

Mountainous areas at Flores 
Island will become the only areas 
receiving the highest amount of 
rainfall during the dry season; 
meanwhile the midlands of 
Sumba and West Timor will 
receive moderate rainfall
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Table 6.6 Descriptive maximum temperature projection in various time ranges under RCP 4.5 and 
RCP 8.5 scenarios 

Maximum temperature RCP 4.5 RCP 8.5 

Near Future (2010–2039) The lowest maximum 
temperature will occur at the 
coasts (in Flores at the southern 
coasts), small islands, and narrow 
lands 

Similar to RCP 4.5 scenario, 
with a small expansion of very 
high maximum temperature 

Mid Future (2040–2069) Very high maximum temperature 
will start propagating toward the 
lowlands. Southern and coasts 
will experience the lowest and 
moderate maximum temperature 

Similar to RCP 4.5 scenario, 
with a slight difference at the 
eastern part of Flores. The 
maximum temperature will 
increase to the moderate level, 
while remaining very low under 
the RCP 4.5 scenario. Overall 
spatial change will occur 
towards the coasts 

Far Future (2070–2099) The areas near the coasts will 
start experiencing very high 
maximum temperature 

This projection shows the most 
notable change of maximum 
temperature. The region will 
experience very high maximum 
temperature, except the small 
islands, narrow islands, some 
parts of western Sumba, and a 
small area at the southern Flores

Sensitivity 

Coffee 

In NTT, the Robusta coffee is more suitable in the Sumba Island and West Timor 
than in Flores Island (Fig. 6.10). While Arabica coffee has higher market value, the 
crop is more sensitive to temperature rise than Robusta coffee. Hence, this study 
selected Robusta for further suitability analysis, as it is more widely practised in 
NTT and its climate change impact indicates the severity for Arabica coffee. Based 
on the projected climate data, divergent rainfall and temperature variability promote 
damage conditions to coffee crops in NTT. Robusta coffee requires 3–4 months of 
dry months to grow at the worst case (marginally suitable; S3) and 1–2 months of dry 
months to grow at the optimum level. Too little rainfall interferes with plant growth 
and fruiting, while too heavy rainfall causes coffee defects such as mould growth, 
disease, and excessive fermentation (Kath et al. 2021). Continuous temperature rise 
will also accelerate the ripening of fruit development, which eventually will degrade 
the coffee bean quality (Davis et al. 2012). In 2099, these islands will no longer be 
suitable due to decreased water availability in NTT and the number of dry months 
(Fig. 6.11).
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Fig. 6.9 Maximum temperature projection in various time ranges under RCP 4.5 (left) and RCP 
8.5 (right) scenarios

Adaptive Capacity 

Human Capital 

Farmers in Indonesia tend to manage the crop planting by themselves based on their 
traditional knowledge and practices (Sarjana 2010). However, as climate change has 
become harder to predict, agricultural workers meet many constraints. The farmers’ 
lack of understanding about climate information from the national meteorological
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Fig. 6.10 Minimum temperature projection in various time ranges under RCP 4.5 (left) and RCP 
8.5 (right) scenarios

agency, climate-smart farming practices, and financial aspects have become under-
lying challenges of building adaptive capacity in NTT (Sarjana 2010, DFAT  2016). 
These challenges relate to the fact that most households’ heads are primary school-
level graduates. Although 70% of households in NTT have access to weather update 
through public television or radio, the public did not utilise the forecast due to low 
accuracy and lack of adaptive capacity building to change agricultural practices from 
the government (Kuswanto et al. 2019).
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Table 6.7 Descriptive minimum temperature projection in various time ranges under RCP 4.5 and 
RCP 8.5 scenarios 

Minimum temperature RCP 4.5 RCP 8.5 

Near Future (2010–2039) The lowest minimum temperature 
occurs in the midlands and 
mountainous regions 

A slight expansion area with 
very low temperature at the 
Sumba midlands 

Mid Future (2040–2069) Most areas will shift to the 
moderate level. Large areas at 
Flores and West Timor’s 
midlands will still experience 
very low minimum temperature 

Wider expansion of increasing 
minimum temperature toward 
the midlands 

Far Future (2070–2099) Similar spatial pattern to the Mid 
Future RCP 8.5 projection; 
however, only a few regions on 
the Flores midlands will 
experience very low minimum 
temperature. The very low 
minimum temperature will 
remain occurring at West Timor 

The minimum temperature in 
West Timor will increase 
significantly (will become at the 
moderate level) and in the 
midlands of Flores

In terms of health, malnutrition poses serious concerns to numbers children under 
the age of five aged who suffered malnutrition in El Niño in 2002 and 2005, which 
are three times higher than in a non-El Niño year (UNDP, UN ESCAP, RIMES, 
APCC, OCHA 2017) to become: In places affected by El Nio / La Nia-related 
phenomena—most notably in South-Eastern Asia and South Asia—there have been 
recent decreases in food availability and increases in food costs. For example, in 
Village Bene, the food shortages occurred during the recent El Niño in 2016 because 
the water shortage halted the growth of nutritious plants, and it might continue until 
before the next harvest season (Vaessen 2016). There are potentially around 15,000 
people living in 5 villages in South Timor Tengah experiencing severe crop failure. 
Other regencies, such as East Flores, East Sumba, Central Sumba, and West Sumba 
also had similar conditions with South Timor Tengah (Bonasir 2015; Saptohutomo 
2015). 

Social Capital 

As the main source of NTT livelihood, various social resources have been formed to 
pursue agricultural practices. The information was gathered through field visits and 
interviews in 2016 at resources across Flores Island.
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Fig. 6.11 Land suitability of Robusta coffee to the climate variables, top depicts the baseline level, 
left (right) column represents suitability projection under RCP 4.5 (RCP 8.5) scenario
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Ethnic and Religious Groups 

Basic values in each ethnic group include family relations, tolerance, and togeth-
erness inherited by their ancestors. The group takes authority in their community’s 
behavioural pattern to prevent conflict, enhance partnership, and maintain peace. 
The social capital is used as the communities’ tool to address their problems if 
the government does not intervene too deeply. In some regions, a Religion Leader 
Communication Forum has major roles in reducing the conflicts among religious 
groups, enhancing relationships, and facilitating communication. 

Farmers Groups 

Historically, the farmer group is based on top-down government initiative through 
the Department of Estate Crops and Horticulture under the Ministry of Agricul-
ture. In Manggarai regency alone, government has established 81 farmers groups. 
However, farmers groups do not have a significant role in the chain due to the nature 
of liberalised market system that enabled farmers to access the marketing channel 
independently. The association mainly provides training and technical assistance in 
coffee cultivation and contributes to the government’s machinery or financial grant. In 
June 2014, there were 20,112 farmers divided into 2,321 farmers’ groups (gapoktan) 
and dominated by beginner class (83.74%). 

Savings and Loan Cooperatives 

In NTT, there are many saving and loan cooperatives in which farmers depend on 
this cooperative to support their livelihood. The saving and loan cooperative started 
from the small one with around 20 members until the big one such as the primary 
cooperative of saving and loan Pintu Air in Sikka. Pintu Air Cooperative is a primary 
cooperative for savings and loans. This cooperative was established in 2004 with 
80,637 members, consisting of 39,479 male members and 41,158 female members. 
Other saving and loan cooperatives need to be further checked during the field visit. 

Commodity Cooperatives 

Only a few cooperatives work for commodity, while others usually start from saving 
and loan cooperatives or multipurpose cooperative. The list below is of cooperatives 
that work on commodity or has a business unit that deals with commodity. There are 
potential cooperatives in NTT that play a significant role in the agriculture sector in 
NTT. 

a. ASNIKOM (cooperative)
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Asnikom merges the concept of association and cooperatives with 1,062 
members. It connects marketing agreements with coffee exporters, in which 
each member pays fees and receives a profit share. Asnikom carries out three 
marketing channels after receiving coffee beans from the members: (1) Direct 
selling to exporter, (2) Selling through auction, (3) Selling to the individual buyer 
(café e.g., Anomali coffee, individual exporter). Non-member farmers can sell 
the coffee beans with a selling price similar to the open market price and not 
receive profit shares at the end of the year. The cooperative gains a slight margin 
from purchasing and selling price to maintain the operational cost. 

b. Kopsi 
Formed in 2015, Kopsi is a cooperative focused on coffee production 

and sales with around 150 members. Previously nurtured by VECO under 
PRISMA fund and with the help of Tananua, a local NGO, Kopsi connects 
with 30 coffee producing villages in Ende. Both Arabica and Robusta farmers 
under Kopsi produced almost 4 tonnes of coffee in 2016. Most of the arabica is 
processed in a full-washed method while the robusta is treated traditionally. The 
farmers’ plantation is mostly under an intercropping system with candlenuts and 
cloves. Kopsi had almost 10 farmers who are well trained in post-harvesting and 
sorting, with their buying the coffee cherries from other farmers. With no funds 
available, Kopsi’s activities are halted and only continued with consignment with 
farmers to sell the coffee to a reputable market. With only household scale fermen-
tation drums for each farmer, the lack of proper storage and drying facility caused 
production delay, leaving Kopsi unable to fulfil buyers’ quality level and quantity 
demand. Kopsi had its own incentivised system for each value-adding activity 
done by the members or farmers’ group that could potentially be improved for all 
coffee-producing villages in Ende. However, its unreliable management requires 
improved facilities and business models to advance the value-adding process by 
producing roasted coffee. 

Natural Capital 

Water availability, hilly topography, and low soil organic matter content are the 
main challenges for agriculture development in NTT (Suriadi et al. 2021). On top 
of being highly vulnerable to erosion, the slash-and-burn method as a common agri-
cultural practice is accused of causing land damage; particularly the forest loss and 
declining soil productivity (Hidayatullah 2008). There was no evidence of any small-
holder agroforestry resulting in forest loss unless supported by any governmental 
programmes (Fisher 2010). As a semi-arid region, NTT is also often exposed to 
drought and water shortage. During the dry season in 2003, NTT’s water availability 
balance was a deficit. The increasing drought severity due to El Niño, declining trend, 
and erratic rainfall worsened access to water availability, clean water, and sanitation, 
leading to harvest failure, food shortage, and income reduction. This situation will 
exacerbate poverty due to the reduced productivity of the livelihood, environment,
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and nature, which even caused death to many villagers (Vaessen 2016). To antici-
pate the seasonal El-Niño issue, the communities in NTT have access to a reservoir 
called “embung,” which provides water for household consumption, irrigation, and 
cattle needs (Widiyono 2010). However, due to the limited technical capacity of the 
“embungs,” many of them are predicted to become dry (Bere 2017). 

Physical Capital 

Improvement in cultivation and processing technology was also on the line of 
adapting to climate change (Takama et al. 2016). Although farmers have been encour-
aged to use new technologies, they hardly accept innovations due to their high depen-
dence on their knowledge. Among many reasons, findings identify scepticism and 
pride in their method (Thrupp 1989). This means no matter how much aid is provided 
to them, the reduced vulnerability will not be achieved due to capital discrepancy 
(agricultural aid as physical capital, scientists as social capital, and knowledge as 
human capital) (Jacobs et al. 2015). On the other hand, the provision of knowledge 
by the scientists did not guarantee to reduce the vulnerability since the farmers did 
not own financial capital to apply and operate the technology. Thus, farmers’ engage-
ment is crucial in physical capital development as their traditional practices follow 
modest physical capital. 

The needs and capability of the farmers in operating the solution are critical. For 
instance, a government-built initiative to address water scarcity, “embung” fulfils 
the communities’ water intake and irrigational needs during the dry season (Pusat 
Analisis Sosial Ekonomi dan Kebijakan Pertanian 2010). However, due to the poor 
construction and operation, the reservoirs built by the government become dry during 
the dry terms (Bere 2017). The identified issues of “embung” in Oemasi, Kupang, 
such as water delivery and efficiency issue from the storage to the utilisation regions 
may occur in the whole province (Widiyono 2010). 

Financial Capital 

NTT receives funding allocation from the Ministry of Agriculture to finance district 
agricultural services implementation (MOF 2015). However, the farming practice did 
not continue after procuring agricultural equipment. The farmers group believes that 
the local agency lacked in the fund disbursement monitoring and farmer selection, 
particularly in choosing committed and hard-working farmers instead of new farmers 
who are only in for the money (Sura 2020). Especially since NTT is considered too 
risky for profit-oriented private sector entities, private commodity buyers are likely to 
continue to support farmers only in locations with profit-generation prospects. The 
government and donors are likely to continue to offer piecemeal support without 
a multiple-barrier-removal approach in mind. The increasing vulnerability of the 
farmers also includes the secretive money lenders, with the loan-sharking system, 
which is one of the most common microfinance practices in Indonesia. The loan
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sharks mostly operate at the markets and have face-to-face interactions with the 
farmers in the villa. This loan is an accessible way to obtain an immediate loan 
without collateral. However, the issue lies in the very high interest offered by the 
loan sharks, resulting in financial insecurity among the farmers, which is usually 
occurs in poor and developing economies (Hull and James 2012). 

Farmers’ income depends highly on the seasonal pattern (Khandker and Mahmud 
2012). The farmers in NTT, who are mostly subsistence farmers, gain their income by 
selling their cash crops annually, constrained by steep slopes, unpredictable rainfall, 
and drought (Smits and Mthembu 2012). Most villagers’ major cash income source is 
from the agricultural production system, mostly maise and livestock production that 
family labour can only handle with traditional practices (UNDP 2015). However, this 
situation is not sufficient to fulfil the need of the households across the season due to 
frequent post-harvest losses (van de Fliert et al. 2008). When farmers receive reduced 
income due to crop failure, farmers respond by reducing their food expenditure 
(Kuswanto et al. 2019). 

Institutional and Policy Context 

In the updated Nationally Determined Contribution (NDC) in 2020, sustainable agri-
culture and plantations were included as station programmes for economic resilience 
(UNFCCC 2021). In the RAN API or National Action Plan on Climate Change 
Adaptation, issues were categorised into five domains: (1) economic resilience, 
which also encompassed energy and food security; (2) life system resilience, 
which consisted of some sub-sectors, like health and infrastructure; (3) ecosystem 
resilience; (4) special regional resilience, including the coastal areas and small 
islands; and (5) supporting systems that could directly or indirectly assist other 
mentioned domains. Based on Minister Decree SK Menteri PPN/Kepala Bappenas 
No Kep.38/M.PPN/HK/03/2012, RAN API works under the Climate Change Action 
(CCA) Coordination Team. Related to the proposal, the climate change adapta-
tion program considers economic resilience very important, especially on food 
security. NTT, which has serious issues on food security, has become the priority 
for the national adaptation strategy. Under Ministry of Agriculture Decree No. 
64.1/KPTS/RC.110/J/12/2017, Indonesia has adopted technical instructions to diver-
sify staple food beyond rice and wheat. However, the production side has not changed, 
with rice fields expanding (CIFOR 2021). With the updated NDC finalised in 2021, 
more revisions and enactment of adaptation-related national and sub-national level 
provisions will follow. 

Ministry of Environment and Forestry, Ministry of Agriculture, and Ministry 
of National Planning and Development Agency (BAPPENAS) have actively, with 
local government and stakeholders, resulted in Presidential Regulation 59/2017 that 
initiates sustainable food production system to ensure food access for all (Arif 2020). 
As a commitment to end hunger, address malnutrition, and increase agricultural 
activity in sustainable ways (SDG 2), combined with SDG no. 13.1 on strengthening 
resilience and capacity, it has also translated climate smart agriculture training into
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NTT local mid-term development 2018–2023 (RPJMD). As a result, NTT integrated 
an adaptation curriculum for local universities and trained 587 agriculture workers 
and 17,092 farmers through farmers field school programs conducted in collaboration 
with BMKG (BAPPENAS 2019). 

With regard to SDG and national targets, international development agencies 
have been actively involved in climate change adaptation efforts. A UNDP-led 
project called (Strategic Planning and Action to strengthen Climate Resilience in 
NTT (SPARC) has developed 120 community action plans and 21 pilot projects 
based on RAN API, in which Bank NTT played a crucial role in channelling and 
leveraging financing to vulnerable communities (UNDP 2016). As a result, SPARC 
becomes a major reference for the NTT Medium-term plan (RPJMP) 2013–2018 
(MOF 2015). During the same years, the Australian-Indonesia Partnership for Rural 
Economic Development, in collaboration with the Ministry of National Develop-
ment and Planning, also initiates to boost farmers income by addressing market 
constraints and policy advocacy to increase competitiveness in Eastern Indonesia 
(DFAT 2016). Those organisations are key actors in promoting climate change 
adaptation in top-down approach. 

Discussion and Conclusions 

Based on the vulnerability assessment and the adaptive capacity, NTT farmers are 
highly vulnerable to climate change. The current farming system and overall capital 
are sensitive to climate change because of the limited adoption of climate-resilient 
production for the highly potential estate crops. Moreover, a substantial proportion 
in NTT derives their revenue from rain-fed, extremely small-scale farming, putting 
their livelihoods at risk from climate change. Through precipitation and temperature 
analysis, coffee crop suitability maps indicate that most arable land will be reduced 
drastically in both scenarios, RCP 4.5 (stabilisation) and RCP 8.5 (failed mitigation). 
Without climate-smart extension support, farmers are highly risk-averse to adopting 
new approaches due to the low baseline development of the province, high prevalence 
of poverty, and limited social safety nets. Given the cross-sectoral barriers, this study 
encouraged adaptation strategies should be a combination of incremental, system, and 
transformative adaptation are an effective way to achieve the objective as proposed by 
Rickards and Howden (2012). However, addressing adverse climate change impacts 
requires a transformative adaptation. 

Given the complex barriers, a dominant social capital that embodies a wide 
existing network of agricultural cooperatives and farmers groups could be an asset for 
an extensive transformative adaptation by utilising the farmers network in strength-
ening their knowledge and learning capacity with support from other actors such 
as government, development agencies, and non-governmental agencies. Currently, 
the climate information still emphasised rice production and neglected high-value 
estate crop production like coffee. Ultimately, funding allocation to local NTT devel-
opment plan is crucial to achieve sustainable and resilient coffee production. The
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limited institutional, policy, physical, and financial capital that are not intact to adapt 
to the projected condition may exacerbate farmers’ livelihood insecurity during 
one external shock like a prolonged dry season. Thus, further research is neces-
sary to explore the management and funding support for NTT financial literacy and 
marketing knowledge capacity building for coffee farmers. The capacity of private 
and non-government entity networks will be strengthened as a critical agent that 
works with both farmers and the government, especially in farmer climate-smart agri-
culture training in production and post-production. The project’s changes in climate 
risk transfer are expected to transform how climate risks are shared between vulner-
able farmers and a third-party entity. Since the forecast is perceived as inaccurate 
and requires high literacy, integrating this vulnerability assessment into the climate 
smart agriculture training will be one strategy to engage and prioritise NTT farmers 
in pursuit of local adaptation measures and updated policies. Although this study 
emphasized that climate information should be extensively communicated among 
farmers, additional empirical research is still required to determine whether this 
intervention could trigger transformative adaptation. 
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Chapter 7 
National Integrated Coastal Zone 
Management Frameworks Need to Adapt 

Fernanda Terra Stori , Anne Marie O’Hagan, and Cathal O’Mahony 

Abstract Many coastal areas in the world are experiencing coastal erosion and 
flooding, which is likely to escalate due to sea-level rise and an increase in the 
frequency and intensity of storms, however, some countries still lack a dedicated 
policy to guide the application of adaptation solutions specific to the coastal zone. 
This remains the case in Ireland, a country with more than 7,000 km of shore-
line, much of which is threatened by climate change. There was observed a gap 
in studies that critically analyse the integration of coastal and climate legal frame-
works and proposed adaptation solutions to support decision-making in the face 
of climate hazards in coastal areas. This study analysed Ireland’s coastal-climate 
adaptation governance system by examining 26 documents at national level (laws, 
policies and plans) related to coastal management (7); planning and development 
(6); and climate change (13). The investigation revealed that whilst the State has an 
extensive legislative framework, there is no dedicated policy or legal approach to 
guide the implementation of coastal-climate adaptation solutions. Generic guidance 
on the implementation of certain types of adaptation solutions and differences in the 
adopted terminology were observed. The lack of integration between the analysed 
frameworks hampers the effective implementation of climate adaptation solutions in 
the Irish coastal zone. Integrated Coastal Zone Management policy at the national 
level is recommended in order to provide clarity on how to implement ecosystem-
based and technical solutions; appropriate funding support; and coordination mech-
anisms to ensure consistency in the governance system necessary to the implementa-
tion of coastal climate adaptation solutions. This would provide a solid policy basis 
for Local Authorities to implement adaptation solutions which strengthen coastal 
resilience, enable public participation, learning and democratic vision building in
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the process, and ultimately deliver more effective planning and management for 
sustainable social-ecological systems. 

Introduction 

Many coastal areas in the world are experiencing coastal erosion and flooding, which 
is likely to increase due to expected impacts from climate change, including sea-level 
rise and increase in frequency and intensity of storms (IPCC 2021). However, some 
countries still lack a legal framework to guide the employment of adaptation solutions 
in the coastal zone — this is the case in Ireland. 

Ireland is an island state with over 7,000 km of shoreline, which is home to 
more than 50% of its population (Devoy 2008; Flood et al. 2020). Currently, the 
governance system comprises a number of laws, policies and plans that address 
coastal and climate issues individually or as a set of norms, but which are not wholly 
specific to the coast. Despite an evident reliance on coastal areas to maintain econom-
ically important sectors, such as fisheries, tourism, port activities and many others 
(DHLGH 2021), Ireland still lacks a policy framework to support the implementa-
tion of an Integrated Coastal Zone Management (ICZM) approach as encouraged by 
the scientific literature and advocated by European Union and international policies. 
The ICZM approach is widely recognized as a participatory and continuous plan-
ning process that should address economic, social, environmental and governance 
topics in coastal areas (GESAMP 1996; Cicin-Sain 1993). A policy framework based 
on ICZM principles can contribute to addressing coastal erosion and flooding, and 
preparing coastal communities to adapt to expected impacts of climate change. 

This chapter explores the existing laws, policies, and plans relevant to progress 
coastal-climate adaptation in Ireland and discusses the opportunities and weaknesses 
of the current governance system. The chapter starts with this context-setting intro-
duction and a brief contextualization of current evidence about sea-level rise glob-
ally and in Ireland, then presents the methodological approach, a discussion of the 
current coastal climate adaptation governance system, followed by a discussion of 
the limitations of the work, and concludes with a number of considerations neces-
sary to advance a national ICZM policy that, amongst other subjects on coastal 
sustainability, should provide for coastal climate adaptation solutions in Ireland. 

Current Global Evidence About Sea-Level Rise 

Sea Level Rise (SLR) globally is a result of combined thermal expansion from ocean 
warming and land-based ice melting (IPCC 2019, 2021; Lindsey 2020). Studies 
observed an increase of around 21–24 cm in global mean sea level (GMSL) since 
1880 (Lindsey 2020), reaching an average of 3.7 mm per year from 2006–2018 (IPCC 
2021). SLR leads to coastal inundations, storm floods, coastal erosion, loss of nesting
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beaches, encroachment of tidal waters into estuaries and river systems, displacement 
of coastal lowlands and wetlands, as well as contamination of freshwater reserves 
and food crops (UN 2017). 

According to the IPCC AR6 report, it is certain that GMSL will continue to rise 
over the twenty-first century (99–100% probability) (IPCC 2021). It is likely that 
GMSL will rise to around 0.5 m above the reference level by 2100 and reach up to 
3 m by 2300 if the most optimistic scenario is considered (IPCC 2021). However, if 
the current high emissions scenario persists, global mean temperature may exceed 
4.0 °C (±1 °C) from the pre-industrial baseline, and GMSL may rise more than 1 m 
by 2100 and reach more than 7 m by 2300 (IPCC 2021). 

The current principal causes of coastal flooding and erosion are an increased 
frequency of severe storms and gradual SLR (Devoy 2008; IPCC  2019; Flood et al. 
2020). These threats will bring critical future social and economic consequences for 
vulnerable coastal communities. It is estimated that currently around 10% of the 
world’s population (more than 600 million people) live in areas that are less than 
10 m above sea level (UN 2017; Bassetti 2020). It is estimated that areas where 
around 300 million people live will fall below the elevation of an average annual 
coastal flood by 2050, and that by 2100, areas where around 200 million people live 
could be constantly below the mean sea level (Kulp and Strauss 2019). 

Greater storm events and SLR will undoubtedly impact economies and affect 
hundreds of millions of people living in coastal cities. The Global Commission on 
Adaptation (GCA) estimates that by 2050 recovery measures may cost more than $1 
trillion each year globally (GCA 2019). Reducing emissions to zero, avoiding rises in 
global temperature and, consequently hampering SLR, will augment possibilities for 
adaptation in social-ecological systems, such as in low-lying coastal areas and small 
island developing states (IPCC 2018a). However, considering the IPCC most recent 
report, GMSL will continue to rise even if the targets of the Paris Agreement are 
reached (IPCC 2021). Therefore, mitigation and adaptation actions are increasingly 
urgent. According to the IPCC, adaptation is “the process of adjustment to actual 
or expected climate and its effects, in order to moderate harm or exploit beneficial 
opportunities” (IPCC 2018b). 

The Irish Case 

The impacts of climate change are expected around the coast of Ireland, where the 
most immediate risks are the increase in intensity and frequency of coastal storms, 
subsequent flooding and SLR (Flood et al. 2020). SLR combined with potential 
increases in storm surges, will lead to coastal flooding, erosion of beaches and 
cliffs, and consequent damage to coastal ecological systems (Dwyer 2012; Flood 
and Sweeney 2012; Flood et al. 2020). 

Studies estimate that circa 350 km2 of the Irish coast is vulnerable under a SLR 
of 1 m, and circa 600 km2 is vulnerable under a SLR of 3 m (Flood et al. 2020). 
Estimates predict that up to 2 million people may be impacted by coastal erosion by
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2050 when considering regions within 5 km from the sea, including Ireland’s major 
cities, industries and infrastructure, such as electricity network, transport systems 
and water supplies (Government of Ireland 2020). Costs related to property insurance 
claims will potentially reach circa e1.1 billion under the 1 m scenario, increasing to 
circa e2.1 billion under the 3 m scenario (Flood 2012; Flood and Sweeney 2012). 

Many coastal areas in Ireland face erosion and flooding as a consequence of 
climate hazards, including rural areas (e.g., Maharees, County Kerry), peri-urban 
areas (e.g., Youghal, County Cork), and urbanised areas (e.g., Portrane, Fingal/North 
County Dublin) (Cronin et al. 2017; Farrell  2021; Smith et al. 2021; Stori and 
O’Mahony 2021). The lack of a dedicated ICZM policy or supporting legal frame-
work to guide the application of adaptation solutions focused on the coastal zone is 
hampering climate action and, in many cases, is further exacerbating the problems 
(Stori and O’Mahony 2021). 

Methodological Approach 

In order to provide a comprehensive understanding of challenges and opportuni-
ties of coastal climate adaptation governance system in Ireland, an examination of 
documents at the national level including laws, policies, and plans was undertaken. 
Ireland was selected as a case study since it is an island-state country with an exten-
sive coastline facing widespread coastal flooding and erosion issues (Cronin et al. 
2017; Devoy  2008; Flood et al. 2020). A recognised analytical gap on a thorough 
compilation and critical analysis of the current national coastal climate governance 
system was evident. Such analysis would provide clearer guidance on the employ-
ment of adaptation solutions and support the implementation of adaptation projects 
at the local level. 

Information from legislative instruments, policies and plans addressing aspects of 
coastal zone management and climate change adaptation was garnered from govern-
ment sources, research reports, journal papers, and coastal flooding and erosion 
assessment reports. A total of 26 documents were selected for further analysis. 
These documents were organised into the following domains: Coastal Management 
(7 documents); Planning and Development (6 documents); and Climate Change (13 
documents). Laws, policies and plans related to Biodiversity were presented within 
the climate change section, since they provide the basis for the Biodiversity Climate 
Change Sectoral Adaptation Plan (DCHG 2019). 

The documents analysed ranged in time from 1925 to 2021.1 All the relevant Irish 
legislation was examined from their original version to their latest amendments (Acts 
and statutory instruments). Considering policies and plans, this study examined the 
most recent ones, from 2000 to December 2021.

1 A visual communication of this examination is available online on the platforms ArcGIS 
StoryMaps and TimeGraphics—Available on: http://www.ccatproject.eu/coastal-climate-adapta 
tion-Ireland/. 

http://www.ccatproject.eu/coastal-climate-adaptation-Ireland/
http://www.ccatproject.eu/coastal-climate-adaptation-Ireland/
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The main governance aspects of the laws, policies and plans were examined using 
a qualitative approach incorporating their titles, year of publication, main objec-
tives and identifying the departments/agencies responsible for their implementation. 
In addition, a thorough search for provisions relating to coastal climate adaptation 
solutions was carried out and the typology of adaptation solution adopted was iden-
tified (such as engineering (hard) solutions/grey adaptation; nature/ecosystem-based 
solutions/green adaptation; soft solutions; and displacement solutions). Each of the 
following sections presents the outcomes of this qualitative analysis according to the 
given domains Coastal Management (Sect. “National Coastal Management Legisla-
tion, Policies and Plans”); Planning and Development (Sect. “National Planning and 
Development Legislation, Policies and Plans”); and Climate Change (Sect. “National 
Climate Change Legislation, Policies and Plans”). Section “Limitations of the Work” 
presents the limitations of this research. 

Coastal Climate Adaptation in Ireland 

The examination revealed that Ireland has a relatively limited legal framework that is 
directly applicable to coastal issues and that national ICZM policy is absent. Instead, 
the country relies on a range of plans and policies, supported by specific legal instru-
ments that deal with various aspects of coastal zone planning and management. The 
categories reflected were organized thematically into Coastal Management; Plan-
ning and Development; and Climate Change (including Biodiversity); and will be 
discussed hereafter. 

National Coastal Management Legislation, Policies and Plans 

Ireland does not have any dedicated Integrated Coastal Zone Management legal 
instrument, plan or policy, however, a number of existing instruments impact upon 
how the coast is managed. The Foreshore Acts, 1933–2011 require that leases and 
licences be obtained from the Minister for Housing, Local Government and Heritage 
for the carrying out of works and placing structures on the State-owned foreshore2 

(including sea defence works such as walls, piers, groynes, etc.). Projects likely 
to have significant effects on the environment are subject to an Environmental 
Impact Assessment (EIA) before receiving the licence and the Acts provide for 
public consultation as part of the decision-making process. The Foreshore Acts also 
contain provisions relating to the removal/deposit of beach material, public use of 
the foreshore, and erection/removal of structures on the foreshore. Whilst useful in

2 The foreshore is defined as the shore and the seabed, below the line of high water of ordinary or 
medium tides to the 12 nautical miles of the sea, including tidal river/estuaries, channels, creeks, 
and bays. 
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specific situations, the instrument was not designed to facilitate integrated coastal 
management. 

The Coast Protection Act, 1963 specifies the procedures for the implementation 
of coastal protection schemes in cases of encroachment by the sea and clarifies 
competencies between the responsible department at the national level (Office of 
Public Works/OPW) and Local Authorities (LAs). In 2009, the OPW published 
the Minor Flood Mitigation Works and Coastal Protection Scheme, (OPW 2009) a  
document that guides the provision of funding to LAs for the installation of minor3 

flood mitigation and coastal protection works and/or to studies addressing localised 
problems. The Scheme indicates that LAs should deliver an appropriate coastal 
erosion risk management plan indicating appropriate options and measures such as 
‘Do Nothing’, ‘Do Minimum’, ‘Hold the Line’, ‘Advance the Line’, and ‘Managed 
Realignment’ options. This is the only policy that provides guidance for the imple-
mentation of coastal climate adaptation solutions, even though with an incomplete 
and non-statutory approach. 

In order to provide information to support decision making for a better manage-
ment of risks related to coastal erosion and flooding in Ireland, the OPW commis-
sioned the Irish Coastal Protection Strategy Study (ICPSS) (2003–2013). The study 
provided maps regarding current and future flood and erosion scenarios (up to 2100) 
and assessed the existing and potential risks for each sector of the Irish coast (OPW 
2010). However, until the publication of this study, the government has made no 
progress in developing coastal frameworks to prepare for continuing changes in the 
climate. To fill this gap, the Government launched the National Coastal Change 
Management Strategy Steering Group in 2020, with the aim to develop a framework 
to guide decision-making for improved coastline management and to mitigate the 
risks from increasing storm surge events and coastal erosion (Government of Ireland 
2020). This group is made up of senior officials from various departments of the 
national government as well as the County and City Management Association. It is 
assumed that the Covid-19 global pandemic has impacted upon the original timelines 
for the work of this group. 

Following the EU’s adoption of the Maritime Spatial Planning Directive 
(2014/89/EU), Ireland launched its National Marine Planning Framework (NMPF) 
in 2021. The NMPF outlines the government’s vision, objectives and policies for 
marine-based human uses activities, detailing how these should interact with each 
other to safeguard the sustainability of marine resources up to 2040 (DHLGH 2021). 
This framework is operated via the Maritime Area Planning Act, 2021 (MAPA), 
which provides a statutory basis for the planning and management of the Irish marine 
area, sets out a process for the designation of maritime plan areas, and modernises the 
consent system for marine developments. MAPA creates a new nearshore area — an 
area that extends from the high water mark up to three nautical miles seaward where 
‘Coastal Planning Authorities’ (CPA) will assume certain responsibilities, such as the 
evaluation of applications for developments that do not require EIAs and Appropriate

3 Projects that cost no more than e750 k. 
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Assessments, the granting of development consents, and enforcement and compli-
ance. However, the new Act does not provide for Integrated Coastal Zone Manage-
ment or the management of coastal erosion and flooding, other than to update the 
provisions relating to emergency works in the maritime area, which includes works 
relating to sea defences. Integrated Coastal Zone Management requires actions that 
go beyond the nearshore area, including solutions further inland. There is also limited 
consideration of how the marine planning and land planning systems will operate in 
parallel or integrated. 

National Planning and Development Legislation, Policies 
and Plans 

Planning and development legislation, policies and plans set out the planning and 
investment strategies to provide national and local governments with detailed guid-
ance on building a sustainable future in Ireland, including coastal and climate actions. 
The Local Government Acts, 1925–2019, define the structures, functions, powers and 
duties of local government with respect to land area planning; economic develop-
ment; housing; community development; and environment (such as noise, waste and 
air pollution). The Acts provide Local Authorities (LAs) with the power to enact bye-
laws, which can be used, amongst other things, to encourage protection of localized 
coastal environments and may assist climate mitigation and adaptation. By stipu-
lating enforcement and associated fines, bye-laws, for instance, prevent trampling 
on dune systems, control litter pollution and animal grazing on coastal environments 
(O’Mahony et al. 2012). 

The Planning and Development Acts, 2000–2021 form the foundation of the 
terrestrial planning system and set out the details to be contained in development 
plans at national level (such as the National Planning Framework), regional level 
(such as the Regional Spatial and Economic Strategy), and local levels (County 
Development Plans and Local Area Plans). The Acts emphasise the need to carry out 
flood risk assessment to regulate, control and restrict developments in flooding risk 
areas; and to regulate, control and restrict developments in areas at risk of coastal 
erosion and threatened by other natural hazards. 

A number of strategic planning frameworks have been published to strengthen 
and future proof the planning system. The National Planning Framework (NPF)— 
Project Ireland 2040 (Government of Ireland 2018a) and its predecessor, the National 
Spatial Strategy 2002–2020 (Government of Ireland 2002), are the most recent frame-
works, published since the beginning of this century. These set out the objectives 
for Ireland’s future spatial development (under the National Development Plans) 
and highlight environmental challenges, including the management of coastal and 
marine resources, policy response to coastal erosion and flood risks and the conserva-
tion of biodiversity and natural heritage sites. Particularly, the current framework, the
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NPF, uses the United Nations Sustainable Development Goals (SDGs) to guide long-
term planning, comprising waste management, sustainable management of water and 
additional environmental resources. It encourages a sequence of climate actions in 
order to tackle climate change in line with the National Mitigation Plan (DCCAE 
2017) and the National Adaptation Framework (DCCAE 2018a) (presented in Sect. 
“National Climate Change Legislation, Policies and Plans”). The NPF suggests the 
use of grey adaptation and green adaptation solutions to deal with the impacts of 
climate change nationwide, and define these respectively as: 

Grey adaptation which typically involves technical or engineering-oriented responses to 
climatic impacts, such as the construction of sea walls in response to a sea level rise. 

Green adaptation which seeks to use ecological properties to enhance the resilience of 
human and natural systems in the face of climate change, such as creation of green spaces 
and parks to enable better management of urban micro-climates. (Government of Ireland 
2018a, p. 120) 

The National Development Plan (NDP) is a national level strategic roadmap aimed at 
delivering long-term economic, social and environmental development goals during 
a specified time period. The NDPs provide for investment in projects for sustain-
able development such as climate change strategies and flood risk management. The 
2007–2013 NDP ring-fenced over e23 million to conduct the Irish Coastal Protec-
tion Strategy Study (ICPSS) and fund schemes to protect the coast from flooding 
and erosion (Government of Ireland 2007). These investments include assistance 
with planning and development, guidance and procedures for scheme selection, risk 
evaluation, and hard and soft engineering projects. The current NDP (2018–2027) 
identified as a priority to invest in the transition to a low-carbon and climate-resilient 
society and approximately e21.8 billion should be invested to achieve this strategic 
outcome (Government of Ireland 2018b). It also directs investment towards actions 
focused on flood risk management and recommends flood relief schemes to minimise 
the impacts flooding on coastal communities. However, the NDP does not explic-
itly provide for investments dealing with coastal erosion alone or more integrated 
approaches to coastal management (Stori and O’Mahony 2021). 

National Climate Change Legislation, Policies and Plans 

Initial steps to address climate change were made in 2014 with the publication of the 
National Policy Position on Climate Action and Low Carbon Development, which 
aimed to deliver a high-level policy guidance for the government adoption and imple-
mentation of strategies to support the State to reach a low carbon economy by 2050 
(Government of Ireland 2014). This policy offers a long-term vision with a goal to 
reduce carbon dioxide (CO2) emissions by at least 80% by 2050 (with reference to 
1990 concentrations) considering sectors such as built environment, power genera-
tion and transport; as well as carbon neutrality in the land-use and agriculture sectors.
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This policy recommends the adoption of a succession of national plans over the 
period, including the development of climate adaptation and mitigation frameworks. 

Therefore, the Climate Action and Low Carbon Development Acts, 2015–2021 
was published and it is the core legislation to institute the national climate frame-
work. The Act’s objective is “to reduce the extent of further global warming, 
pursue and achieve, by no later than the end of the year 2050, the transition to a 
climate resilient, biodiversity rich, environmentally sustainable and climate neutral 
economy” (Government of Ireland 2021a, p. 8). The 2021 Act brought advances to the 
original Act by including biodiversity and Net Zero approaches within its scope. The 
Acts set out definitions and the legal basis for the National Adaptation Framework, 
the National Mitigation Plan, Sectoral Adaptation Plans, the National Long Term 
Climate Action Strategy, and required LAs to formulate their Local Climate Action 
Plans including adaptation and mitigation actions. The Acts establish the Climate 
Change Advisory Council and encourage citizen participation in the formulation of 
the aforementioned plans. 

In 2012, Ireland published its first National Climate Change Adaptation Frame-
work (NCCAF), based on the recommendations of the EU White Paper on Adap-
tation, and indicated a two-phased adaptation approach to Ireland. The first stage 
focused on the identification of climate change vulnerabilities at the national level, 
based on potential impacts when considering the adaptive capacity at that moment. 
The second stage focused on the elaboration and implementation of sectoral and 
local adaptation plans. The NCCAF acknowledged the Local Development Plans 
as the principal strategy to implement climate adaptation solutions at the local 
level (DECLG 2012). Subsequently, after the enactment of the Climate Action and 
Low Carbon Development Act in 2015, the current National Adaptation Frame-
work (NAF) published in 2018, sets out the international policy context for climate 
and brought forward the up-to-date objectives for low carbon, climate resilience and 
sustainable development in Ireland (DCCAE 2018a). This framework provides guid-
ance for the implementation of adaptation actions in different sectors and by LAs 
in their jurisdiction. However, it does not propose projects or adaptation actions for 
the sectors and local jurisdiction, considering that these should be prepared under 
the sectoral and local plans. The NAF is currently under review (May–July 2022) in 
order to upgrade the framework in line with the requirements of the Climate Action 
and Low Carbon Development Act, 2021. This review aims to guide national adap-
tation priorities over the coming years, so there is scope to progress on a range of 
adaptation solutions in future iterations. 

In 2019, the first national Climate Action Plan (CAP) formally declared a “Climate 
and Biodiversity Emergency” in Ireland. The Plan consisted of a government guid-
ance proposing a series of policy actions to accomplish by 2030 a “net zero carbon 
energy systems objective for Irish society and in the process, create a resilient, vibrant 
and sustainable country” (Government of Ireland 2019, p. 8). It outlined climate 
threats across diverse sectors by recognising the scale and nature of the challenges. 
It set out the governance structure responsible to deliver transformations, including 
the establishment of a Climate Action Council and a Climate Action Delivery Board. 
The Plan recognised the upcoming impacts of climate change on the Irish coastal
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zone and highlighted the demand for adaptation solutions to assist in addressing 
those impacts. A new CAP was published in November 2021 setting a goal of a 51% 
reduction in emissions by 2030 and achieving net zero by 2050. The 2021 Plan details 
a series of actions required to achieve those climate targets and indicates emissions 
reductions targets for each economic sector, such as transport, electricity, agriculture 
and built environment. A section on climate adaptation covers 9 pages of the 211 
page Plan. Main actions related to coastal erosion and flooding are to “develop and 
publish coastal vulnerability mapping and coastal erosion databases for the east and 
south coasts of Ireland; delivery of a national implementation strategy for nature-
based solutions to the management of rainwater and surface water runoff in urban 
areas; and develop flood forecasting capability, including the development of coastal 
and marine monitoring and predictive capability” (Government of Ireland 2021b, 
pp. 204–205). However, the CAP does not provide clear deadlines for carrying out 
these actions. 

First published in 2016, then updated in 2018, the Local Authority Adaptation 
Strategy Development Guidelines (DCCAE 2018b) provides a rational step-by-step 
methodology to adaptation planning in order to support the LAs in preparing their 
adaptation schemes and ensure that Local Plans agree with the Sectoral Adaptation 
Plans. It recognizes that LAs maintain close relations with local communities and are 
the first to respond to crises, so these are considered the best level of government to 
implement adaptation actions on the ground. Four Climate Action Regional Offices 
(CAROs) were established in 2018 to assist LAs to progress on their adaptation 
schemes and support their implementation. 

The Sectoral Planning Guidelines for Climate Change Adaptation (DCCAE 
2018c) were prepared to support different Government Departments to develop their 
statutory Sectoral Adaptation Plans related to their core competency, ensuring the 
adoption of a rational approach to adaptation planning by the key sectors. Sectors 
were required to develop their plans according to a proposed six-step planning cycle 
while also following the general requirements stipulated by the Acts and the NAF. 
According to the Sectoral Planning Guidelines, adaptation encompasses hands-on 
actions to reduce vulnerability to the negative impacts of climate change and improve 
opportunities or benefits. These comprise a variety of actions that can be categorised 
as grey, green, and soft and may range from simple solutions to large-scale projects: 

Grey adaptation: It involves technical or engineering solutions to climate impacts, examples 
include raising roads where flooding is expected to occur. 

Green adaptation: It seeks to utilise ecological properties to enhance the resilience of human 
and natural systems to climate change impacts. For example, increasing green space in 
urban areas could provide areas for retention of floodwaters and significantly ameliorate 
the impacts of rising surface temperatures resulting from climate change; 

Soft adaptation: It involves alteration in behaviour, regulation or system of management, 
examples include: Extending timeframes of plans further into the future; zoning development 
away from sensitive areas; and instituting or strengthening building codes in hazard prone 
areas. (DCCAE 2018c, pp. 39–40)
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In total, 12 Sectoral Adaptation Plans were prepared, including one on “Flood Risk 
Management” and another on “Biodiversity” which provide particularly relevant 
adaptation approach for coastal zones. 

The first Flood Risk Management, Climate Change Sectoral Adaptation Plan was 
published in 2015 under the guidance of the NCCAF (2012) and the second, which is 
currently in operation, was published in 2019 in line with the NAF (2018). The 2019 
Flood Risk Management Plan updates the former Plan by incorporating more recent 
information on climate change, particularly the impacts on flood risk management 
(OPW 2019). This includes progress made on the actions proposed by the former 
adaptation plan, especially in the areas of research and assessment (such as the infor-
mation generated through the Catchment Flood Risk Assessment and Management 
“CFRAM” Programme4 (OPW 2018)), and on planning and implementation of flood 
relief schemes. The government focus on such plans and programmes evidence that 
solving flooding issues is a priority over solving problems posed by sea level rise 
(such as coastal erosion). 

The Biodiversity Climate Change Sectoral Adaptation Plan (BCCSAP) was 
published in 2019 taking account of the Wildlife Acts, 1976–2012 and the National 
Biodiversity Action Plan (NBAP). The Wildlife Acts, 1976–2012, are the main 
national legislation for wildlife conservation and control of activities that may 
adversely affect wildlife in light of Ireland’s commitment to the UN Convention 
on Biological Diversity (CBD). The NBAPs (published in 2002, 2011 and 2017) 
outline the objectives, targets and actions that should be accomplished to realise 
Ireland’s vision for biodiversity conservation. The plan in operation (NBAP 2017– 
2021) postulates the vision that “biodiversity and ecosystems in Ireland are conserved 
and restored, delivering benefits essential for all sectors of society and that Ireland 
contributes to efforts to halt the loss of biodiversity and the degradation of ecosys-
tems in the EU and globally” (DCHG 2017, p. 8). By considering both seminal 
frameworks for biodiversity, the main goal of the BCCSAP is “to protect biodiver-
sity from the impacts of climate change and to conserve and manage ecosystems so 
that they deliver services that increase the adaptive capacity of people and biodiver-
sity while also contributing to climate change mitigation” (DCHG 2019, p. 9).  The  
BCCSAP highlights that biodiversity is highly vulnerable to the impacts of climate 
change whilst playing a key role in climate mitigation and adaptation. It acknowl-
edges coastal ecosystems also highly vulnerable to the impacts of climate change 
owing to the effects of changes in temperature combined with further impacts of sea 
level rise. The Plan highlights the need to “develop an integrated coastal management 
strategy which includes ecosystem-based adaptation actions to manage climate risk 
and build resilience to climate change” (DCHG 2019, p. 49). The Plan recommends 
employing appropriate adaptation solutions to reduce vulnerability to the impacts of

4 The CFRAM Programme is an extensive flood risk assessment performed by the OPW in cooper-
ation with LAs, comprising a comprehensive assessment of 300 areas considered to be at high risk 
from flooding, including 90 areas located in coastal regions (OPW 2018). The study encompassed 
six CFRAM projects across 29 river basins and other site-specific projects. 
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climate change, such as the implementation of nature-based solutions jointly with 
screening for maladaptation in order to enhance the likelihood of mutually beneficial 
climate actions (DCHG 2019). 

Limitations of the Work 

Coastal zones in Ireland are subject to a wide variety of legislation, policies and 
plans, operated by different actors at different governance scales and this has been 
the case for many decades. With increasing awareness of climate change impacts 
and international legal commitments, adaptation actions have had to be embedded 
into this already fragmented coastal management system. The analysis conducted 
as part of this work indicates certain shortcomings resulting from this fragmenta-
tion, for example, contradictions between adaptation solutions proposed by different 
sectors, different priorities because of wider non-climate related policy objectives, 
and the rapidly changing policy environment that currently characterises adaptation 
and climate change policy more generally. 

One other potential limitation of this work is that it focuses entirely on stated law 
and policy objectives and less on the actual implementation of adaptation actions. 
This is important and relevant for two reasons: firstly, to implement adaptation options 
anywhere there needs to be a solid policy basis and sometimes this can be difficult 
to determine given the range of applicable legislation and policies. Secondly, it is 
possible that where a specific adaptation option is being considered, the responsible 
actors may meet and discuss with other regulatory stakeholders to ensure there are 
no issues. This type of case specific scenario is not considered in this documentary 
review. Our analysis seeks to highlight the complexity of implementing adaptation in 
coastal zones where there is no policy basis for integrated management and uncovers 
a diverse range of actors which ultimately makes actions more difficult. 

Final Considerations 

Whilst Ireland has an extensive legal and policy framework, the current governance 
system has proven to be unresponsive to past and current coastal changes in many 
localities along the Irish coast, evidenced by the lack of an assertive approach to 
the coastal zone which is hindering fast decision-making to urgent coastal problems. 
Government is increasingly focusing and strengthening their approach to manage-
ment of the impacts of climate change, including strengthened policy for adaptation 
across multiple sectors. In the majority of cases, this requires policy changes at 
sectoral level, as evidenced by the sectoral adaptation plans published. However, a 
problem arises in relation to coasts, as there is no national coastal management plan 
or policy and consequently nowhere into which adaptation solutions can be incorpo-
rated. This restricts the ability of local authorities, who usually assume the day-to-day
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management of coastal areas, to undertake adaptation solutions and might go some 
way towards explaining why different approaches to coastal issues occur in different 
parts of the country. 

Ireland has made progress in the management of climate hazards in recent years; 
however, priority is clearly given to countrywide flooding issues to the detriment of 
coastal erosion management and perhaps wider coastal management. Coastal erosion 
remains a problem for many coastal communities and Local Authorities have been 
managing the problem on a reactive basis instead of a preventive basis due to the 
lack of a coherent approach at national scale. 

Generic guidance on the implementation of certain types of adaptation solutions 
and differences in the terminology adopted were observed, revealing inconsisten-
cies even among contemporaneous documents. A streamlined approach that facil-
itates a strategic and structured process for implementing coastal climate adapta-
tion solutions on the ground, such as engineering (hard) solutions/grey adaptation 
(hold the line; advance the line), nature or ecosystem-based solutions/green adap-
tation, displacement solutions (such as managed retreat), and soft solutions such as 
preparedness and response systems is not reflected in any of the law or policy docu-
ments analysed. An additional issue could be contradictions between the various 
sectoral adaptation plans when viewed through a climate adaptation lens, which 
emphasises the need for an institutional body with the role of overseeing the imple-
mentation of adaptation solutions. This role could be allocated to the CAROs, but 
would require further resourcing. 

An Integrated Coastal Zone Management policy at national level is recommended 
in order to provide clarity on how to implement ecosystem-based and technical solu-
tions, appropriate funding support, and coordination mechanisms to ensure consis-
tency in the governance system necessary to support the implementation of coastal 
climate adaptation solutions. It should be based on integrated, participatory and 
ecosystem-based approaches, which include coastal climate adaptation strategies 
and solutions as cross cutting themes interlinked to other coastal matters (biodi-
versity conservation, management of hydrographic basins, urban development and 
housing, tourism and leisure, and others). This would then provide a solid policy basis 
for local authorities to implement adaptation solutions, which strengthen coastal 
resilience, enable public participation, learning and democratic vision building in 
the process, and ultimately deliver more effective planning and management for 
sustainable social-ecological systems. 

In terms of future research related to this topic, there is significant scope to conduct 
an in-depth analysis of the application of the current governance system at a local 
scale focusing on specific coastal adaptation challenges. This could take the form of 
developing and piloting a step-by-step methodology on how to incorporate adaptation 
into ICZM at various governance scales to demonstrate consistency and coherency 
across policy ambitions, also involving actors at all levels.
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Abstract In atmospheric sciences, teleconnections refer to the persistent cyclical 
features/oscillations that produce abnormal weather, temperature, and precipitation 
patterns co-occurring over vast, seemingly unrelated areas, affecting continent-wide 
processes ranging from bird migration to plant reproduction. In this work, we explore 
the effects of climate change, particularly the climatic indices on the population 
dynamics of birds and the relationships of the teleconnection patterns on the bird 
migrations and distribution by critically examining the published literature on this 
interdisciplinary field. We also suggest a broader roadmap to advance the interdisci-
plinary research on climate change connecting bird migration studies in the following 
years ahead.
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Introduction 

The Sixth Assessment Report (AR6) by the Intergovernmental Panel on Climate 
Change (IPCC) predicts that the global mean temperatures will increase by 1.5–2 °C 
from pre-industrial levels, warming the climate of Earth at a rate unprecedented in 
2,000 years, resulting in more frequent weather extremes, threatening the survival of 
flora and fauna (IPCC 2022). Climate change is an important driver of biodiversity 
loss across regions worldwide. The migratory systems of birds are among the ones 
that are highly affected by the rapid changes in climate across the world, and therefore, 
climate-driven changes pose crucial challenges for conservation and policy decisions 
on migratory species (Gill et al. 2019). Current data on the decline of migratory 
bird populations worldwide on all major flyways, has driven international calls for 
combined action, which is a much-needed effort at this time (Runge et al. 2015). In 
this paper, we explore the effects of climate change, chiefly the climatic indices, on 
the population dynamics of birds and the relationships of the teleconnection patterns 
on bird migrations and distribution, by critically examining the published studies 
in this interdisciplinary field. We also suggest a broader roadmap to advance this 
interdisciplinary research on climate change and bird migration in the years ahead. 

As shown in Fig. 8.1 there are various elements that are directly or indirectly 
climate change-related which influence birds’ migration and behaviours including 
climate hazards, habitat depletion, lack of protective policies and urbanization. 

Fig. 8.1 Some of the climate-related elements that influence birds’ migration (Source Authors)
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Methods 

We carried out an exhaustive literature review, and the pieces of literature we 
cited comprise the bulk of work carried out concerning climate change hypotheses 
connecting bird migration and teleconnections. The literature selection was primarily 
based on the study of birds with the following attributes (a) long-term study (b) data 
covering large geographic areas (c) studies connecting climate change patterns and 
teleconnections. Whenever we encountered any study at local or highly confounded 
by non-climatic global change factors, we excluded them. 

We reviewed and synthesized information on the following topics: phenology and 
population dynamics, distribution of migratory birds, connections with teleconnec-
tions, influence of atmospheric factors and influences of climatic indices on bird 
migration and distribution. We did not perform any meta-analysis during this study, 
but signals of such requirements are highlighted in this work. We searched using 
academic databases, namely Scopus, Web of Science, PubMed, ScienceDirect, and 
JSTOR, with keywords such as “bird migration,” “phenology,” “teleconnections,” 
and “Climate Change.” Thousands of references are available on selected keywords 
from databases; however, only less than 500 citations were available in PubMed on 
the keyword “teleconnections,” which indicates that this topic of research is the latest 
one and has constantly been increasing since 2011, which is the key of this work. 

Results and Discussion 

(A) Effects of climate change on population dynamics of birds 

Climate change plays a vital role in the population dynamics of vertebrates, particu-
larly birds, through the influence on their demographic parameters, such as survival, 
breeding success, and migration of individuals (Feldstein 2000; Rivalan et al. 2010). 
Hence, the studies that use birds as experimental models could easily quantify the 
effects of climate change and their inter-relationships. The early onset of spring on 
the breeding grounds corresponds to the early return of migrating birds from the 
wintering grounds; however, the climate indices of wintering grounds, particularly 
in African regions, highly influence the timing of spring migration (Remisiewicz and 
Underhill 2022). Climate change has produced numerous shifts in the abundance and 
distribution of species in the past (Gill et al. 2019). The advancement in phenological 
traits, including range shifts averaging 6.1 km per decade towards the pole or meters 
per decade upward, and the mean advancement of spring events by 2.3 days per 
decade was confirmed by meta-analyses (Parmesan and Yohe 2003; Knudsen et al. 
2011). Based on mid-range climate-warming scenarios for 2050, it is estimated that 
15–37% of sampled species committed to extinction (Thomas et al. 2004).
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(b) Effects of climate change on the distribution of birds 

Climate change affects biodiversity at an unprecedented rate; the human exploitation 
of Earth for agriculture, forestry, fisheries, and urbanization is equally catastrophic 
(Møller et al. 2013). Therefore, it is equally crucial to establish the linkages between 
climate and land-use changes. There is ample observational evidence of migratory 
birds becoming sedentary, wintering closer to their breeding grounds, and abandoning 
distant parts of the former wintering range (Knudsen et al. 2011). Whenever the 
migratory species fail to adjust to climate change, it often faces stiff competition 
from resident birds, which produces fatal interactions that lead to the mortality of 
migratory species (Samplonius and Both 2019). Nevertheless, we know little about 
departure dates from wintering areas wherein the bio-logging could be a potential 
solution for studying the whole migration phenomenon. 

Interestingly, the long-distance migrants, particularly those crossing ecological 
barriers (Fig. 8.1), often show a smaller phenological response to climate change 
than short-distance migrants because of strong stabilizing selection on timing of 
arrival that often resulted in rigid endogenous control of migration synchronized by 
photoperiod in long-distance migrants. In contrast, the short-distance migrants allow 
adjustments of departure and arrival schedules according to weather conditions at 
their destination (Rivalan et al. 2010; Knudsen et al. 2011; Berthold 2001). Even the 
effects of local changes have a cascading influence on the abundance and distribution 
of species across ranges, where some species tend to relocate territories by shifting 
elevations and latitudinal distributions (Nunez et al. 2019; Alves et al. 2019). 

Climate change poses a big problem to migratory birds (Figs. 8.2 and 8.3). It 
is negatively influencing their dynamics, and in some cases, their populations are 
declining, which is becoming a major conservation challenge (Møller 2008; Vickery  
et al. 2014; Gilroy et al. 2016; Studds et al. 2017). Nevertheless, the birds with greater 
within-population variability in migratory movements and destinations, termed as 
migratory diversity, help and facilitate species responses to climate change and 
equally might be more resilient to environmental change (Alves et al. 2019; Gilroy 
et al. 2016).

(c) Influences of teleconnection patterns on birds migration and distribution 

In atmospheric science, climatic anomalies relating at a considerable distance, 
typically thousands of kilometers, are referred to as teleconnections. The climate 
signals propagate through the atmosphere and act as synchronizing agents leading 
to teleconnection patterns. Thus the teleconnections produce persistent cyclical 
features/oscillations producing abnormal weather, temperature, and precipitation 
patterns co-occurring over vast, seemingly unrelated areas (Feldstein 2000). The 
dominant teleconnection/oscillations are the El Niño–Southern Oscillation (ENSO, 
including warm El Niño, neutral phase, and cold La Niña phase [Fig. 8.3]), the 
Indian Ocean Dipole (IOD), North Atlantic Oscillation (NAO), Pacific–North Amer-
ican (PNA), Pacific Decadal Oscillation (PDO), Northern Pacific Oscillation (NPO), 
Arctic Oscillations (AO), Scandinavian Pattern (SCP), Southern Annular Mode 
(SAM), and Tropical Intra-seasonal Oscillation or Madden–Julian Oscillation (MJO)
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Fig. 8.2 Some of the long-distance migration of bird species and their migratory routes showed in 
different colors (Berthold 2001), and the landcover using the ESA WorldCover project 2020. See 
their details in the figure and text

which create events of extreme natural disasters in both hemispheres (Feldstein 2000; 
Steptoe et al. 2018). 

The IOD is a measure of change in Sea Surface Temperature (SST), often consid-
ered the counterpart of Pacific El Niño and La Niña (Steptoe et al. 2018). Among the 
oscillations, the MJO is the shortest with two opposing phases, namely the enhanced 
rainfall phase and the other suppressed rainfall phase producing a dipole that move 
eastwards with the disturbance of clouds, rainfall, winds, and pressure and traverse 
the planet in the tropics in 30–60 days on average. The ENSO events modulate the 
MJO activity on a regional scale, and therefore the seasonal MJO conditions could 
be anticipated from a predicted ESNO state (Dasgupta et al. 2021). 

Global climate variability, otherwise termed atmospheric hazards, often makes 
climatic anomalies in terrestrial and marine systems that result in contrasting patterns 
in temperature or precipitation anomalies concurrent at two/more diverse geographic 
locations affecting continent-wide processes from bird migration to plant reproduc-
tion (Zuckerberg et al. 2020). Across the globe, areas for each teleconnection in the 
pie charts represent the relative contribution to each atmospheric hazard associated
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Fig. 8.3 Global distribution of some important (climate variability) atmospheric hazards and corre-
sponding climatic drivers (teleconnections). The diagram is modified from Steptoe et al. (2018) with 
the permission. The areas in the pie chart for each teleconnection represent the relative contribution 
to each atmospheric hazard

with each region (Fig. 8.3). For example, five teleconnections drive the south Asia 
rainfall, and two teleconnections decide Brazil’s rainfall. Given the number of tele-
connection patterns operating across the globe, it is vital to further explore the links 
that connect the migratory patterns and population dynamics of birds with atmo-
spheric hazards. When connecting the information in Figs. 8.2 and 8.3, it is possible  
to appreciate the number of teleconnections operating worldwide and their effects 
on long-distance migratory birds, say for example, the distributional range of the 
Short-tailed Shearwater (Fig. 8.3). Therefore, the role of teleconnections across the 
migrating range of Short-tailed shearwater in shaping its biology is inevitable and 
predictable (Price et al. 2021). 

The teleconnections make the physical-biological linkage mechanisms between a 
climate signal and populations, and it directly & indirectly affects fish & birds through 
the primary production and even cascades through the food chain (Rivalan et al. 2010; 
Steptoe et al. 2018). SST is linked to the vertical mixing of the water masses, for it 
controls the quality of the physicochemical environment, ultimately pelagic primary
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production. The vertical mixing layer and high SST reduction are generally poor 
growing conditions for zooplankton in which the marine pelagic systems mostly 
have bottom-up regulation. The effect of climate forcing on zooplankton would 
cascade upwards through the food web. These environmental conditions, combined 
with climatic variables, affect the whole food chain by changing food quality or 
availability at all trophic levels (Rivalan et al. 2010). 

The teleconnection has both the nature of dipole and quadrapole in their spatial 
structure. The NAO on one side over Greenland and the other in midlatitudes is 
the best example of a dipole, while the PNA has a quadrapole with a center over 
the subtropical Pacific near Hawaii, south of the Aleutian Islands, north-western 
Canada, and the south-eastern United States (Feldstein 2000). Through the telecon-
nection/climatic indices, one could measure changes in spatial patterns in the atmo-
sphere linking remote locations across the globe. Therefore, understanding the tele-
connection/climatic indices is essential for advancing migration and phenology theo-
ries, particularly the underlying determining factors for long-distance bird migrations 
(Steptoe et al. 2018; Zuckerberg et al. 2020; Wynn et al. 2022). 

(d) The influence of atmospheric factors on directing migration 

Atmospheric winds (e.g., 300-hPa meridional wind) and their directions and velocity 
equally play an important role in bird migration (Feldstein 2000, 2003; Hameed et al. 
2009). The bio-logging studies helped understand how atmospheric conditions create 
freeways, detours, and tailbacks for migration birds across the globe (Shamoun-
Baranes et al. 2017). A recent review suggested that more research is needed to sepa-
rate the effects of various drivers (tailwinds) and impacts (enhanced food availability) 
on the bird migration patterns (Knudsen et al. 2011). Details of bird migration strate-
gies, namely how individual birds may adjust/stop, when, where, and how to fly in 
response to atmospheric and geographic conditions, assume importance (Wynn et al. 
2022; Feldstein 2003; Shamoun-Baranes et al. 2017). Changes in wind conditions 
become detrimental, especially for species that depend on the wind to cross ecolog-
ical barriers, which often result in the reduction of suitable habitats, as observed 
in the Oriental honey-buzzard in its autumn migration (Nourani et al. 1854). Inter-
Tropical Convergence Zone over the Indian sub-continent produces south-west and 
retreating (northeast) monsoons that aids the migratory movements of species such as 
the Great Cormorants (Phalacrocorax carbo) and Indian Cormorant (Phalacrocorax 
fuscicollis) (Mahendiran 2010, 2016). 

The effects of local weather en route on the migration, the migrating approaches 
used by birds (Knudsen et al. 2011) and the sense of the magnetoreception of 
long-distance migratory birds (Wynn et al. 2022) are crucial in understanding the 
phenomenon of migration. Many long-distance migrants such as Arctic tern (Sterna 
paradisaea), Pacific Golden Plover (Pluvialis fulva), Swainson’s Hawk (Buteo 
swainsoni), and Short-tailed Shearwater (Ardenna tenuirostris) are some ideal model 
species to understand the role of magnetoreception, i.e. a sense allows birds to detect 
the Earth’s magnetic field (Fig. 8.2). 

The next-generation radar (NEXRAD) is a network of 160 high-resolution S-band 
Doppler weather radars jointly operated by National Weather Services (NWS), the
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federal Aviation Administration (FAA) and the U.S. Air Force. Using the NEXRAD 
archive, the bird migration forecast model explores the associations between atmo-
spheric conditions and bird migration intensity at a continental scale, explaining up 
to 81% variation in migration intensity across the United States (Doren and Horton 
2018). A real-time analysis, based on actual nocturnal bird migration intensities 
detected by the United States weather surveillance radar network, shows its close 
association with local sunset and sunrise. The e-bird databases, citizen’s science 
projects, and ecological networks like National Ecological Observatory Network 
have become more spatially distributed and recognized, revealing the broad patterns 
that link the ecological and atmospheric drivers and help us make several conservation 
actions (Bauer et al. 2019; Liechti et al. 2019; La Sorte and Somveille 2021). 

(e) Influences of the climatic indices on the bird migration and distribution 

Studies exploring the relationship between climatic indices (NAO, ESNO, IOD) 
and avian population dynamics are at the forefront (Rivalan et al. 2010; Møller et al. 
2013; Berthold 2001; Zuckerberg et al. 2020; Feldstein 2003). The El Niño-Southern 
Oscillation (ENSO) has been linked to the survival of northern birds wintering in 
Africa and the short-distance migrants showing advanced arrival dates in years with a 
positive NAO index. There was a negative relationship between birds’ total migratory 
population size and winter ENSO and MJO (Adams 2014). At the same time, the 
IOD determines climate change impacts on the East African ecosystem, particularly 
on avian life cycles (Tryjanowski et al. 2013). 

The short-tailed shearwaters (Ardenna tenuirostris) are one of the long-distance 
migratory birds (Fig. 8.1), breeding in Tasmania and Australia, and their breeding 
success was influenced by large-scale climate oscillations (NPO, PDO, & ENSO) 
and weather conditions of the preceding year (Price et al. 2021). Another long-term 
breeding study on the great tit (Parus major) showed the influence of teleconnec-
tions (ENSO, NAO, AO), often more capable of predicting and explaining ecological 
changes than local-scale climatic indices (Laczi et al. 2019). A study using impu-
tation models indicated that the preceding year’s weather conditions significantly 
impacted the current year’s nesting abundance of long waders (Dwevedi et al. 2021). 
However, imputation models are affected by the averaging effects, often failing to 
capture the subtle teleconnections related to nesting failures. In heronries of the 
Indian subcontinent, often nesting failures are simplistically exclusively attributed 
to the proximal overt factors, viz., monsoon failure, and subsequent water scarcity 
(Mahendiran 2010), instead of exploring from the teleconnection angle. Even though 
the vulture die-off due to diclofenac is well known, the potential role of climate in 
the recent crash of the Indian Vulture population across a broad region of western 
Rajasthan, India, apparently by ENSO events, is also equally compelling (Hall et al. 
2012). 

The IOD is considered an independent oscillation pattern viewed earlier as an 
artifact of the ENSO. The conditions of SST during the positive and negative phases
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of IOD have always been quite in contrast across the globe (Fig. 8.4a, b). The abun-
dance of the red-footed booby (Sula sula) and wedge-tailed shearwater (Ardenna 
pacifica) strengthened with positive IOD (Perez-Correa et al. 2020). The large alba-
trosses generally use the wind to reduce flight costs; the weakening of prevailing 
winds during a negative IOD induced higher energetic costs of flight, with a possible 
negative impact on their survival rate and breeding success (Rivalan et al. 2010). A 
potential species to establish the mechanism of the ecological dipole is the short-
tailed shearwaters (Ardenna tenuirostris), for it is one of the long-distance migratory 
birds, breeding in Tasmania and Australia and wintering in Artic and Alaskan regions 
(Fig. 8.2). Their breeding success has been highly influenced by large-scale climate 
oscillations (NPO, PDO, & ENSO) and weather conditions of the preceding year 
(Price et al. 2021).

Local (temperature and precipitation) and large scale climatic phenomena (El 
Niño Southern Oscillation (ENSO), North Atlantic Oscillation (NAO) affect ecolog-
ical patterns (e.g., geographical ranges, abundance, diversity) and processes (e.g., 
primary productivity, birth and death rates) in both marine and terrestrial ecosys-
tems (Rivalan et al. 2010; Zuckerberg et al. 2020; Feldstein 2003; Hall et al.  2012). 
Egg-laying dates were closely related to the NAO-index variation, and at the same 
time, the NAO affected birds’ breeding (Price et al. 2021; Perez-Correa et al. 2020). 
However, meta-analysis shows that the biological meaning of the NAO as a general 
predictor for climate change effects on the migration phenology of birds seems highly 
questionable (Haest et al. 2018). 

Equally, the global climate variability often makes climate dipoles in terrestrial 
and marine systems as contrasting patterns in temperature or precipitation anomalies 
concurrent at two diverse geographic locations affecting continent-wide processes 
from bird migration to plant reproduction producing ecological dipoles (Zucker-
berg et al. 2020). One could identify ecological dipoles by applying space–time 
analytical approaches to biological entities, particularly bird migration patterns and 
climatological observations at continental scales (Fig. 8.2). The irruption patterns 
of Pine Siskins and movements of boreal bird populations in North America across 
the continent at biennial to decadal periodicities reportedly coincide with dipoles of 
temperature and precipitation anomalies (Strong et al. 2015). 

Conclusions 

This paper has presented evidences of the influences of climate change on birds’ 
migration patterns. Despite numerous studies cited in the above sections that connect 
birds with climatic indices (ENSO, IOD, NAO), more meta-analysis focusing on 
hypothesis testing on the various relationship between climatic indices and the avian 
population dynamics across different world regions is required. The concept of 
magnetoreception is getting established well in birds (Wynn et al. 2022), and research 
on these using bio-logging tools would add more information to questions, such as 
when and where birds stop during migration.
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Fig. 8.4 a World map of the 1997 summer months plotted with Surface Sea Temperature (SST) 
anomalies indicating the strong El Niño events and a strong positive Indian Ocean Dipole (IOD) 
represented as the red circle, which resulted from an enhanced effect of MJO in the previous year. 
b The World map plotted with the SST anomalies of 2010 indicates strong La Niña where the 
negative IOD is marked as a red circle. The maps were prepared based on NASA GISS Surface 
Temperature Analysis version 4 data (GISTEMP Team [2021]: GISS Surface Temperature Analysis 
(GISTEMP), version 4. NASA Goddard Institute for Space Studies. Dataset accessed 2021-11-30 
at data.giss.nasa.gov/gistemp/)

https://data.giss.nasa.gov/gistemp/
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Many opportunities lie in utilizing existing infrastructure and technologies, such 
as satellites and radars, to enrich bird migration and monitoring capabilities. The 
data such as radar or satellite bird monitoring data or citizen size data, if these were 
utilized, can have significant scientific and positive societal contributions (Bauer et al. 
2019; Liechti et al. 2019; La Sorte and Somveille 2021). Weather radars already can 
detect high-flying migrants, including insects and birds (Hu et al. 2020; Dokter et al. 
2018). The citizen size data also contributes equally to making practical conservation 
goals and policy decisions. Drawing on citizen size data, a widespread population 
decline in birds over the past half-century was reported (Rosenberg et al. 2019). Such 
results have significant implications for ecosystem integrity that faces threats to the 
wildlife and native ecosystem on which they depend. 

Conservationists and policymakers should take more advantage of the available 
technologies (e.g., radar and satellite data) to monitor migration patterns and integrate 
their use with climatic models to better understand birds’ migration and distribution. 
Future research should also encourage studies that identify existing ecological dipoles 
and measure how climate change alters population abundance and their distribution 
(Steptoe et al. 2018; Zuckerberg et al. 2020; Strong et al. 2015). 
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Chapter 9 
Effect of Extreme Climatic Events 
on Plant-Pollinator Interactions 
in Blueberry 

Helena Castro , Hugo Gaspar, João Loureiro , and Sílvia Castro 

Abstract Pollination is a key ecosystem service that is, however, under threat due 
to multiple environmental pressures, such as climate change, compromising crop 
production. The main goal of this study was to investigate how extreme events due 
to climate change affect flower traits and plant-pollinator interactions, and how this 
impacts fruit production, using the insect-dependent blueberry crop as study system. 
For this, we set up a controlled pot experiment using two blueberry cultivars (Blue-
crop and Duke). At the time of bud swelling, half of the plants (12 per cultivar) were 
placed for two weeks in a glasshouse under stress conditions (no water and increased 
temperature), while the other half remained outdoors and watered. At flowering, 
flower traits were measured, and plants were exposed to pollinators; the identity of 
pollinators visiting blueberry flowers was registered as well as their behavior and the 
number of flowers visited. Later, mature fruits were randomly collected and weighed 
individually. Results showed that in our study site the most frequent visitor of blue-
berry flowers was Anthophora plumipes (Fabricius, 1781). Results also showed that 
stress conditions did not affect flower traits and insect pollinator visitation rates, 
regardless of blueberry cultivar, but affected insect preferences for Bluecrop cultivar, 
with A. plumipes preferring control over stressed plants. However, for Duke cultivar, 
control plants produced heavier fruits than plants under stress conditions. Our study 
provides some insights into the effects of climate changes on plant-pollinator inter-
actions, but further research is necessary to better understand the impacts of climate 
change on plant-pollinator interactions and how this may impact food production.
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Introduction 

Pollination is a key ecosystem service maintaining the stability of agricultural food 
production, with animal pollination affecting the yield and quality of over 75% of 
crops worldwide (Klein et al. 2007). However, pollination services are under threat 
due to multiple environmental pressures. Land use changes, such as fragmentation 
and agriculture intensification, pesticide use, biological invasions and eutrophication 
have been shown to negatively impact plant-pollinator interactions (Potts et al. 2010). 
Climate changes may be a further threat to pollination services by altering plant 
and pollinator traits, phenologies and behavior, causing phenological mismatches 
in plant-pollinator interactions (Gérard et al. 2020; Keeler et al. 2021). Climate 
prediction trends for the Mediterranean region point to higher drought, increased 
inter-annual variability of precipitation and increases in extreme climatic events 
such as heatwaves and severe droughts (IPCC 2021). According to the IPCC (2021) 
report, Portugal is already experiencing climate change, and climate projections point 
to an increase in drought stress. This will bring challenges to the agricultural sector 
with expected increases in water demand and decreases in crop productivity. Further 
challenges arising from climate change with negative impacts on crop production are 
related to disrupting plant mutualistic relations with their pollinators (Keeler et al. 
2021). For example, water stress has been shown to decrease the quantity and quality 
of nectar and the quality of pollen with effects on the survival and productivity of 
developing honeybees and bumblebees (Wilson Rankin et al. 2020). However, most 
of this information comes from natural systems. The effect of climate change on the 
pollination of crops has been poorly addressed so far, despite its relevance for food 
production and security. This chapter addresses the impacts of climate change on 
flower traits and plant-pollinator interactions, using the insect-dependent blueberry 
crop as a study system. 

Climate change leading to water deficit and increased temperature cause an 
increase in plant physiological stress, affecting crop production both directly and 
indirectly. Direct effects include the decrease in resources available for investment 
in reproduction, including flower and fruit production (Eziz et al. 2017). Informa-
tion from published studies, mostly performed in natural ecosystems, indicates that 
climate change, in particular increased drought and temperature, influences flower 
visual traits and olfactory cues (e.g., Burkle and Runyon 2017; Descamps et al. 2020a; 
Gallagher and Campbell 2017). Producing and maintaining flowers requires carbon, 
nutrients and water, representing a considerable cost to plants and implying trade-offs 
with vegetative growth (Obeso 2002). Therefore, under water stress, plants tend to 
produce fewer and smaller flowers (Kuppler and Kotowska 2021). While for flower 
visual traits drought stress seems to consistently have negative effects, for nectar, 
pollen and olfactory clues, which are not directly linked to transpiration and water 
losses, the effects of drought stress are less clear and its effects are species dependent, 
and may reflect species adaptations to drought (Burkle and Runyon 2016; Phillips 
et al. 2018). For example, reported effects of drought stress on nectar quantity and
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sugar content range from decrease to no change (e.g., Descamps et al. 2018, 2020a; 
Phillips et al. 2018; Rering et al. 2020), depending on the species studied. 

The number of flowers, as well as their size and colour, are important cues for 
pollinator attraction, while nectar, pollen and flower morphology are important deter-
minants of flower handling and pollinator’s efficiency (Parachnowitsch et al. 2019). 
Factors, such as water stress, that affect these visual and olfactory cues used by polli-
nators when searching for food, as well as reward availability, have the potential to 
change the behavior, preferences and fidelity of insect pollinators (Klatt et al. 2013) 
and indirectly impact fruit production. However, few studies have addressed polli-
nator responses to changes in flower traits and floral rewards resulting from drought 
stress, with results pointing to variable effects on pollinator visitation rates regard-
less of the negative effects on such traits (Burkle and Runyon 2016; Descamps et al. 
2018; Glenny et al. 2018; Rering et al. 2020; Kuppler et al. 2021). Additionally, the 
response of pollinators to drought mediated effects on flower traits and rewards may 
also be dependent on the pollinator species (Burkle and Runyon 2016; Kuppler et al. 
2021). 

While it is clear that water stress will directly and negatively affect crop growth 
and yield, the impact on plant-pollinator interactions and pollination services to crops 
remains uncertain. Additionally, and despite its relevance, floral traits and pollinator 
attraction in the context of climate change are still poorly studied (Byers 2017) and 
empirical studies explicitly focusing on the effects of climate change on pollination 
services to crops are almost inexistent (Vaissière et al. 2011). However, evaluating 
the effects of drought on flower traits and plant fitness and how changes in flower 
traits affects plant-pollinator interactions and fruit production and quality is key to 
understand how crops could cope with predicted future climate changes. 

Blueberries require insect pollination to produce marketable fruits (Klein et al. 
2007). Although this crop presents varying levels of self-fertility (depending on the 
species, cultivar and genotype), they are primarily outcrossing, showing larger fruit 
size and earlier fruit ripening when cross-pollinated (Dogterom et al. 2000; Song 
and Hancock 2011; Taber and Olmstead 2016). Blueberries are nectar rewarding 
plants, bearing bell-shaped flowers, with poricidal anthers, and with nectar producing 
structures located at the basis of the corolla. Its cultivars present particular floral 
attributes (Rodriguez-Saona et al. 2011; Huber 2016), which can also be affected by 
different water availabilities. Flower size and morphology limit pollinators’ access 
to rewards, limiting potential pollinator species, and may encourage nectar-robbing 
behavior (Courcelles et al. 2013). 

Considering all this, in this work, our main objective was to investigate how 
extreme events due to climate change affect flower traits and plant-pollinator inter-
actions, and how this impacts fruit production, using the insect-dependent blueberry 
crop as study system. To achieve this, we set up a water-controlled pot experiment 
and quantified flower traits, plant-pollinator interactions, and fruit traits. We hypoth-
esize that stress conditions: (1) will lead to changes in flower traits relevant for insect 
attraction; (2) that these changes will affect interactions with pollinators, and (3) that 
this will have an impact on fruit production and fruit weight.
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Methods 

Experimental Design 

Two blueberry cultivars commonly grown in Portugal with similar flowering times, 
Duke and Bluecrop, were selected for this study. A total of 48 plants (24 per cultivar), 
were purchased at a nursery shop specialized in blueberry plants. The plants were 
two-years old, as they is the stage at which they are available at nurseries, and were 
transplanted into 6L pots filled with professional blueberry suitable soil and placed 
in the Botanical Garden of the University of Coimbra. At the beginning of bud 
swelling, 12 plants of each cultivar were placed in a glasshouse until the beginning 
of flowering, which took two weeks. During this period, plants were not watered, and 
they experienced an increase by 5.1 °C in mean air temperature when compared to 
12 control plants of each cultivar, which remained outdoors. At the end of these two 
weeks, we observed the opening of the first flowers in plants inside the greenhouse. 
At this stage all the plants were moved to an open patch dominated by small sized 
grasses, in the Botanical Garden (lat. 40.206403°, long. −8.425170°, 65 m a.s.l.) 
and were exposed to pollinators. 

Flower Morphology and Rewards 

For all the 48 plants in the experiment, one, young but fully open, flower per plant 
was selected for morphological measurements. Blueberry flowers are urn-shaped, and 
we recorded measurements that capture the variation of this shape among cultivars. 
Following the methodology described by Courcelles et al. (2013), we measured 
corolla length, diameter at widest area, and diameter of corolla opening (flower 
throat). Measurements were made using a digital caliper. Floral volume (corolla 
volume) was calculated considering the shape of a cylinder and using the length of 
the corolla and the diameter at the widest portion. 

Nectar amount was quantified in the morning on flowers bagged the day before, 
using micro-capillaries and following Dafni et al. (2005). The percentage of sugars 
(ºBrix) was determined with a hand-held refractometer. 

Pollinator’s Observation 

Pollinator observations followed standard methodologies (Dafni et al. 2005). Polli-
nators were observed at the peak of flowering, between 22nd of March and 12th 
of April 2020, on sunny days with temperatures above 13 °C, i.e., weather condi-
tions favorable for pollinators activity. Visits were recorded for 10 min periods, at 
different times of the day from 9 A.M. to 5 P.M. (CET + 1 h), totaling 13 h 18
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min of net observation. We recorded the number of individual insects that visited the 
flowers, the insect species, and the treatment, cultivar and number of flowers visited. 
Additionally, the total number of open flowers per treatment and cultivar were also 
recorded. 

Indexes of floral preference and constancy were calculated for the main pollinator 
species [Anthophora plumipes (Fabricius, 1781)], excluding visits with less than three 
visited flowers (Dafni et al. 2005;Castro et al.  2020). Floral preference was calculated 
for each cultivar, as the ratio between the number of visits to plants under control 
conditions and the total number of visits. Values of 0.5 indicate no preference by 
the pollinator, values of 0 indicate preference for plants under stress conditions, and 
values of 1 indicate preference for plants under control conditions. Floral constancy 
was calculated for each cultivar as the ratio between the number of movements within 
the same treatment and the total number of movements during the visit. A value of 
0 indicates alternating foraging behavior, a value of 0.5 indicates random foraging 
behavior and a value of 1 indicates constancy in foraging behavior within treatment. 

Fruit Sampling and Processing 

The percentage of flowers that set fruit (fruit set) was calculated as the ratio between 
the mean number of fruits produced per inflorescence and the mean number of flowers 
per inflorescence, by counting the number of flowers and fruits in five inflorescences 
per plant. 

All fruits produced by the plants were collected when ripe, counted and weighed 
in an analytical scale (accuracy 0.1 mg). To determine mean fruit weight a subset of 
15 fruits per plant was taken and each fruit was weighed individually. 

Data Analysis 

A t-test was used to explore differences between control and stress treatments within 
each blueberry cultivar in flower morphology, floral rewards and fruit parameters 
(fruit set, number of fruits per plant and fruit weight). The t-test was also used to 
explore differences in flower traits between blueberry varieties. For this analysis we 
pooled control and stressed plants of each cultivar, as no significant differences were 
found between treatments (see ‘Results’). 

Floral preference and constancy indices were used as a measure of pollinator 
behavior and were analyzed as the deviation from 0.5 which represents the randomly 
expected value (Dafni et al. 2005) using a one-sample t-test. 

All analyses were done using R version 3.3.2 (Core Development Team 2016) 
and differences were considered statistically significant at P < 0.05.
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Results 

Flower morphology differed between blueberry cultivars, but it was not affected 
by stress conditions (Figs. 9.1 and 9.2), with exception of the corolla volume in 
Duke cultivar, where stress led to marginally significantly larger volume than control 
conditions (Table 9.1). Duke flowers had significantly larger corolla throat and wider 
corollas than Bluecrop flowers, which is reflected in a larger corolla volume in Duke 
flowers when compared to Bluecrop (Fig. 9.2; Table 9.1). 

The mean number of flowers per inflorescence was not significantly affected by 
stress conditions, although Bluecrop plants under stress conditions produced a higher 
number of flowers than control plants (Table 9.2). The number of inflorescences per 
plant was not significantly affected by stress conditions (Table 9.2), although, for 
both cultivars, there was a tendency for a higher number of inflorescences in stressed 
plants. We did not find significant differences in the mean number of flowers per 
inflorescence (t = 1.089, P = 0.285) or total number of inflorescences (t =−0.405, 
P = 0.689) between cultivars.

Stress conditions triggered earlier flowering in Bluecrop plants, but not in Duke 
plants (Fig. 9.3).

Nectar volume and sugar content were not affected by stress conditions, as shown, 
for both cultivars, by the lack of significant differences between control and stressed 
plants (Fig. 9.4, Table 9.1). Despite not significant, stressed plants presented a slight 
decrease in nectar volume and a slight increase in sugar content when compared to 
control plants.

Overall, there were no significant differences in nectar volume and sugar content 
(Table 9.1) between blueberry cultivars, but there was a trend for higher nectar volume 
in Bluecrop (5.04 ± 0.95 µl) than in Duke (4.09 ± 0.53 µl), and for higher sugar 
content in Duke (19.79 ± 0.95%) than in Bluecrop (16.23 ± 0.53%).

Fig. 9.1 Blueberry flowers from Bluecrop (a) and Duke (b) cultivars
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Fig. 9.2 Mean (±SE) throat width (upper-left), corolla length (upper-right), corolla width (down-
left) and corolla volume (down-right) of blueberry cultivars, Bluecrop and Duke, under control and 
stress conditions. Different letters indicate significant differences between blueberry varieties (P 
< 0.05) after a t-test, while * indicates marginal significant differences between control and stress 
plants within cultivar Duke (P = 0.09)

A total of seven pollinator species were observed visiting blueberry flowers, but 
the main pollinator visiting blueberry flowers was Anthophora plumipes, accounting 
for 93.7% of all visits (Table 9.3).

The percentage of visited flowers was not affected by the imposed conditions, 
although for Bluecrop, pollinators tended to visit a higher percentage of flowers 
from plants under control conditions (Fig. 9.5).

Pollinator behavior as indicated by floral preference and constancy indices showed 
that A. plumipes for Bluecrop preferred control plants while, for Duke, it showed 
no preference (Table 9.4). Data also shows that A. plumipes preferred Bluecrop 
plants rather than those from Duke cultivar (preference index = 0.40, P-value = 
0.009). Regarding constancy, A. plumipes significantly visited flowers within the 
same treatment rather than among treatments (Table 9.3).



172 H. Castro et al.

Table 9.1 Statistical results (t-test and P-value) from t-tests used to test differences in flower traits, 
nectar volume and sugar, and fruit weight between stressed and control Bluecrop and Duke plants 
and between cultivars. Significant differences (P < 0.05) and marginally significant differences (P 
< 0.05) are highlighted in bold 

Treatment effect Cultivar effect 

Bluecrop Duke 

Flower traits 

Throat width t = −0.322, P = 0.751 t = −1.214, P = 0.238 t = −3.509, P = 0.001 
Corolla length t = 0.031, P = 0.976 t = −1.115, P = 0.278 t = 2.974, P = 0.005 
Corolla width t = −1.116, P = 0.277 t = −1.354, P = 0.192 t = −4.509, P < 0.001 

Corolla volume t = −1.238, P = 0.230 t = −1.792, P = 0.088 t = 3.555, P = 0.001 
Nectar 

Nectar volume t = −0.810, P = 0.441 t = 0.412, P = 0.688 t = 0.952, P = 0.352 
Nectar sugar t = −1.513, P = 0.156 t = −0.625, P = 0.545 t = −1.863, P = 0.076 
Fruit 

Fruit set t = 0.2936, P = 0.772 t = −1.580, P = 0.129 t = −0.963, P = 0.341 
Fruit weight t = −1.585, P = 0.128 t = 2.736, P = 0.012 t = 0.642, P = 0.524

Table 9.2 Number of flowers per inflorescence and number of inflorescences per plant for both 
blueberry cultivars under control and stress conditions. Results are given as mean ± standard error 
of the mean (SE). The P value after a t-test comparison is also provided 

Cultivar No. of flowers/inflorescence No. of inflorescences/plant 

Mean ± SE t-test, P value Mean ± SE t-test, P value 

Bluecrop Control 7.00 ± 0.50 t = −1.800, P = 
0.085 

7.83 ± 1.40 t = −1.344, P = 
0.196Stress 8.23 ± 0.47 11.42 ± 2.27 

Duke Control 7.04 ± 0.18 t = −0.060, P = 
0.952 

9.17 ± 0.69 t = −1.988, P = 
0.063Stress 7.06 ± 0.21 11.92 ± 1.20

Also, for Duke cultivar the mean number of fruits harvested in stressed plants 
(60.42 ± 7.15) was significantly higher (t =−2.369, P = 0.030) than that of control 
plants (40.83 ± 4.15). For Bluecrop cultivar the mean number of fruits harvested 
from stressed (50.50 ± 8.44) and control (40.08 ± 6.98) plants was not significantly 
different (t = −0.952, P = 0.352). 

Fruit set was not significantly affected by the imposed conditions for either blue-
berry cultivar (Fig. 9.6, Table 9.1). Regarding fruit weight, control plants of Duke 
cultivar, yielded significantly heavier fruits than those exposed to stress (Fig. 9.7, 
Table 9.1).
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Fig. 9.3 Flowering phenology of blueberry cultivars, Bluecrop and Duke, under control and stress 
conditions

Fig. 9.4 Mean (±SE) of nectar volume (left) and sugar content (ºBrix; right) of the flowers of 
blueberry cultivars, Bluecrop and Duke, under control and stress conditions

Discussion 

Flower number and density are considered important visual cues for pollinator attrac-
tion, and it has been shown in the literature that a decrease in such traits may bear 
consequences for pollinator visitation rates and the species of pollinators visiting the 
flowers (Kuppler and Kotowska 2021). Flower production requires plant resources 
and is a source of water loss under water stress conditions. Therefore, plants under 
water deficit are expected to produce fewer and smaller flowers, as often reported



174 H. Castro et al.

Table 9.3 List of insect 
species visiting blueberry 
flowers, overall percentage of 
visits carried out by each 
species and abundance per 
unit of observation time 
(10 min) 

Insect species Visits (%) Abundance per 10 min 

Anthophora plumipes 
(Fabricius, 1781) 

93.71 1.74 

Andrena nigroaenea 
(Kirby, 1802) 

0.75 0.03 

Bombus terrestris 
(Linnaeus, 1758) 

0.90 0.01 

Lasioglossum 
malachurum (Kirby, 
1802) 

3.29 0.19 

Lasioglossum sp.1 
Curtis, 1833 

0.30 0.03 

Lasioglossum sp.2 
Curtis, 1833 

0.75 0.04 

Vespula sp. Thomson, 
1869 

0.30 0.01

Fig. 9.5 Percentage of 
flowers visited for blueberry 
cultivars Bluecrop and Duke 
under control and stress 
conditions

in studies evaluating the effect of water stress on floral traits (e.g., Descamps et al. 
2020b; Gallagher and Campbell 2017; Kuppler et al. 2021). In our study, water deficit 
did not affect flower size significantly, contrary to our hypothesis. A few factors may 
have contributed for this results: (1) the water stress treatment was imposed before 
flowering; a recent meta-analysis by Kuppler and Kotowska (2021) on the effects 
of water stress on flower traits showed that a reduction in water availability before 
flowering has a lower impact than if applied at the beginning of flowering; (2) Blue-
berry flower production follows a dormancy period and is mainly dependent on 
stored resources, as vegetative growth starts simultaneously or even after flower bud
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Fig. 9.6 Mean (±SE) fruit 
set for blueberry cultivars, 
Bluecrop and Duke, under 
control and stress conditions 

Fig. 9.7 Mean (±SE) of 
fruit weight for blueberry 
varieties, Bluecrop and 
Duke, under control and 
stress conditions. *Indicates 
significant differences (P < 
0.05) between Duke plants 
under control and under 
stress conditions after a t-test

growth; (3) Being late winter, the humidity in the air was high and soil water evapo-
ration low. The combination of points 2 and 3 may have resulted in a very mild water 
stress (difference between control and stress was around 8%; data not shown), which 
combined with the application of water stress before flowering have likely resulted 
in no or low effect of water stress on the floral traits of blueberry cultivars Bluecrop 
and Duke. 

Floral morphology differed significantly between both cultivars. Duke flowers 
presented a significantly larger corolla throat and wider corollas than Bluecrop 
flowers. This was expected from intrinsic traits of the cultivars and similar results
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were obtained by other authors (e.g., Courcelles et al. 2013; Huber 2016) for  the  
same cultivars. The differences in corolla size between blueberry cultivars, however, 
did not affect pollinator visitation rate. This result is in contrast with those of the 
study by Courcelles et al. (2013), which showed higher visitation rates by honey-
bees and bumblebees to Duke than to Bluecrop, and with the authors pointing to a 
relationship with the larger corolla of Duke. However, the response to flower traits 
may be related with differences in the pollinator community present during the flow-
ering period in the surrounding landscape and interacting with the blueberry flowers, 
which in our case was scarcely represented by bumblebees and lacked honeybees. 
Indeed, at our study site, the main pollinator was A. plumipes, which is an insect with 
long proboscis and relatively large body, being mostly active early in the flowering 
season (Ornai and Keasar 2020), when blueberries flower in this geographic region. 
Species of the same genus have been reported as pollinators of blueberries under field 
conditions and were even used as managed pollinators in lowbush blueberry [e.g., A. 
pilipes villosula Smith, 1854 (Bushmann and Drummond 2020)]. The second most 
common pollinators in our study belong to the genus Lasioglossum Curtis, 1833, here 
represented by small bodied species that can fit inside blueberry flowers, regardless 
of the cultivar (author’s observation). Thus, the behavior of the small Lasioglossum 
spp. observed here were not impacted by throat width of blueberry flowers. 

The observation of plant-pollinator interactions shows two main behavioral 
approaches by floral visitors to blueberry flowers. First, big body insects with long 
proboscis (such as A. plumipes) would be able to reach the nectar legitimately and 
contact with the pollen inside the flower. Second, relatively small body insects with 
small proboscis (such as Lasioglossum spp.) have no restriction by the corolla and 
easily access nectar and pollen rewards, being potentially involved in blueberry polli-
nation. The different behaviors of the flower visitors have an impact in pollination 
efficiency and reproductive fitness (e.g., Castro et al. 2008, 2013). 

Other important note was the high prevalence of male individuals of A. plumipes 
(author’s observation), the main pollinator at the study site. These individuals usually 
start flying earlier in the season than females (Michener 2007) in an active search for 
matting partners (and collecting mainly nectar), contrarily to females that actively 
collect pollen (Michener 2007). Even though this data was not actively collected, male 
and female A. plumipes may thus have different pollination efficiencies impacting 
differently blueberry fruit production. 

The main pollinator in our study, A. plumipes, preferred control plants for Blue-
crop, while it showed no preference in Duke. Anthophora plumipes, also preferred 
Bluecrop plants rather than Duke. Although non-significant, the slight differences in 
nectar volume and sugar content found between cultivars may have contributed for 
the differences in A. plumipes behavior. Additionally, water deficits have been shown 
to affect floral volatile emissions and composition in natural communities, as well 
as other aspects of nectar composition such as secondary metabolites (Glenny et al. 
2018; Descamps et al. 2021), and although we cannot confirm that these occurred in 
our study, it may be factor influencing A. plumipes behavior in our study. Variations in 
both nectar and floral volatile amount and composition have been linked to changes
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in pollinator behavior and preferences (Burkle and Runyon 2017; Parachnowitsch 
et al. 2019), and should be considered in future studies. 

Nevertheless, the differences found in pollinator visitation were not reflected 
in differences in fruit production, as no significant differences in fruit set and in 
fruit weight were found between control and stressed plants of Bluecrop cultivar. 
Similarly, we did not find significant differences in fruit set between stressed and 
control Duke plants. This suggests that visitation by the pollinator’s community 
to blueberry plants was not affected to the point of causing pollination deficits in 
stressed plants. However, we found that fruit weight was affected in Duke cultivar, 
with control plants yielding heavier fruits. Also, despite non-significant, fruit set and 
the number of inflorescences were higher in stressed than in control plants, which 
resulted in a significantly higher number of fruits. Considering that the plant has 
limited resources, producing more fruits implies investing less resources in each of 
them, which resulted in lighter fruits. However, considering our data, and the fact that 
such differences in fruit weight and number were observed in Duke cultivar where 
there was no preference of pollinators for a particular set of plants, it is not possible 
to associate fitness differences to pollinator’s behavior. 

Increased temperatures or heat pulses out of season resulting from climate changes 
may lead to early flowering of plants (Gérard et al. 2020), including crop species, with 
potentially negative consequences for crop production. Early flowering may result 
in plants missing part of the activity window of their main pollinators, which may 
lead to consequences for fruit production (Gérard et al. 2020). Such plant behavior 
may also lead to two potentially co-occurring consequences with strong impacts on 
crop production: (1) flower loss due to late frosts; (2) heterogeneity in flowering 
that may affect pollination success (Inouye 2008; Gérard et al. 2020), negatively 
affecting fruit production and quality, and causing heterogeneity in fruit ripening, 
and subsequently, increasing harvesting costs. In our study, increased temperature 
triggered earlier flowering in stressed Bluecrop plants, but not in Duke. Duke is 
considered an early flowering cultivar, even in relation to Bluecrop (Huber 2016) 
even though both cultivars overlap in their flowering period. The earlier flowering 
trait of Duke cultivar may have buffered the effect the stress imposed in this study. 
The response of flowering phenology to temperature increases has been shown to 
affect flowering phenology (Gérard et al. 2020), but it also seems to vary with plant 
species even within the same genus. For instance, flowering phenology was mostly 
unaffected in Echium vulgare L., while the opposite was observed in E. plantagineum 
L. (Descamps et al. 2020b). 

Conclusions 

We provide some insights into the effects of climate changes on plant-pollinator 
interactions. However, one should bear in mind that the blueberry individuals we 
used in our study, were small two-year-old plants entering the first productive year 
and therefore, a conservative approach was used when applying stress to these plants



9 Effect of Extreme Climatic Events on Plant-Pollinator Interactions … 179

to reduce the risk of losing them due to the imposed stress. As referred above, 
further studies should involve drought periods during flowering, which are thought 
to have stronger effects on floral traits (Kuppler and Kotowska 2021). Also, there are 
inherent limitations related with the experimental design and its effects on pollination, 
as it is difficult to induce a similar stress on wild pollinators, which are usually 
studied in natural populations. Nevertheless, our study draws attention to key issues 
in pollination services to crops under climate change. 
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Chapter 10 
Understanding the Politics of Climate 
Change in Zimbabwe 

Munyaradzi A. Dzvimbo , Abraham R. Matamanda, Samuel Adelabu, 
Adriaan Van der Walt, and Albert Mawonde 

Abstract This article analyses how politics and livelihoods are challenged and 
affected by global climate change while paying particular attention to how tradi-
tionally formed, non-climatic factors are manipulated within Zimbabwe’s climate 
change policy framework. In this context, the article will proffer legislation and laws 
as tools of governance that enable climate change policies and legislature to be imple-
mented within the confines of the existing constitution. The methods will be drawn 
from an extensive literature review between 2011 and 2022 and document analysis 
to report the interconnectedness of climate change and politics. After critiquing the 
vulnerability theoretical framework and applying qualitative methods, the article will 
discuss and trace the influence of politics on how climate policies and laws impact 
livelihoods. The findings of this article are two-fold. Firstly, local communities and 
ordinary people are not involved in climate change decisions and policy-formulation 
processes whilst they are the most vulnerable. Secondly, the government, as the crit-
ical decision-maker, must adhere to international climate change conventions and 
develop homegrown policies with local consultations. 

Introduction 

Zimbabwe is a developing country experiencing calamities induced by climate 
change, and the consequence of this phenomenon is adversely affecting the majority 
of its population. Several Zimbabweans engage in farming as a backbone of the 
economy, but due to climate change, the country has been grappling with prolonged 
droughts, heatwaves and intermittent floods (Matsa 2020). These climate-induced 
disasters have resulted in food insecurity, forced migration, poverty, malnutrition,
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school dropouts, and poor living standards in the country (Nhapi 2021). The Food 
and Agricultural Organisation (FAO) (2016) opines that climate change is a danger 
to food access worldwide as it disturbs all proportions of food security, such as acces-
sibility, availability, stability and utilisation. The majority of the affected people by 
climate change lack an adequate understanding of the root problem causing climate 
change, and they are often left out in climate change policy-making and decisions 
as grassroots people (Chirisa and Matamanda 2022). The government of Zimbabwe 
relies more on a top-down approach to governance where citizens do not have a say 
in policy formulation issues (Nyama and Mukwada 2022) and climate politics. This 
scenario exacerbates climate change challenges as vulnerable people fail to adapt 
and appropriately respond to them due to an absence of sound public participation 
in climate issues (Thomas et al. 2019). 

The climate crisis is a political question; hence, the government is part of the 
climate question and the obstacle to a solution or the enabler to the solution (Dodman 
and Mitlin 2015). Therefore, the solution to the climate question requires the political 
power of labourers and the oppressed sections of the society to participate in the 
policy-making processes. The policy-making process must take into cognisance local 
resources that are not homogenous but heterogeneous and, along the process dismiss 
a “one size fit all” climate change policy that negates salient localised climate change 
challenges faced by a variety of societies in Zimbabwe. Climate change politics is 
centralised and intensified under capitalism (Dodman and Mitlin 2015; Tsabora 2019; 
Zhanda et al. 2021). Although Zimbabwe is a democratic country, its climate change 
dynamics adhere to Western Capitalist Climate Change Policies adopted at various 
conferences and fora. These capitalistic climate change ideologies sometimes do not 
address climate change challenges at local levels as they often target supranational 
scale or regional, or catchment area scales that ignores poor rural people (Broto 2017), 
or the “bottom billion” (Beddington 2009). Capitalist countries take the capital’s 
side in the labour-capital and nature-capital contradictions. So, the State is on one 
side of both contradictions. As the central political apparatus, the government is 
the partner of capital in ecological destruction as it gears for policies that favour 
economic growth over environmental concerns, especially for the poor and vulnerable 
sections of society (Allen et al. 2018). Mainly, the capitalist State is organised to 
dominate the capitalist class on labouring classes and nature. All policies, climate, 
energy, transportation, mining, industry, construction, land use, agriculture, animal 
husbandry, and other country policies, are decided by the government’s legislative 
and executive organs without public consultation (Chatiza 2019; Coban 2021). 

These policies are made to look out for the interests of the capitalists, not the 
benefit of labourers and nature (Coban 2021). In almost every country, the govern-
ment sets and implements climate change policies. However, as various countries 
draw up climate change policies, the capitalists in the form of investors and devel-
opers have a good influence on how to protect their interests in the form of wealth 
gathering, product making, residues, cost-effectiveness, private property and labour 
manipulation (Michaelowa 2013; Mashizha et al. 2017; Hudson 2021). Furthermore,
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the intertwined elements also include severe product consumption, individualisa-
tion of environmental accountability and high energy consumption shaped by these 
progressions. 

The results of rapid wealth accumulation at the expense of the environment cause 
resource over-exploitation, ignorance of local communities’ plights and climate 
change (Singh et al. 2021). In light of the above, energy from fossil sources (coal-
fired power stations) is causing climate change, while there is no clear road map 
for Zimbabwe’s renewable energy plan (Howells et al. 2021). Although Zimbabwe 
has a National Renewable Energy Policy of 2019, which advocates for geothermal, 
wind, hydro and biomass energy, the country is challenged by a lack of capital 
and relies on private capital funded by Capitalist countries (National Renewable 
Energy Policy 2019). According to the NREP (2019), Zimbabwe’s renewable energy 
policy is limited by inadequate technology, a lack of renewable studies, a preliminary 
renewable tariff plan and a regulatory framework. 

Even though Zimbabwe alluded to developing a Nationally Determined Contri-
bution (NDC) to diminish GHG emissions, the country is focussing on ambitious 
hydroelectricity power generation under the vulnerability of climate change due to 
reduced precipitation (Howells et al. 2021). This scenario may cause the country to 
continuously rely on coal-fired power generation, hence reversing the ultimate goal 
to reduce carbon emissions by 2030 as stated in the country’s climate change master-
plan called Zimbabwe’s National Climate Change Response Strategy (ZNCCRS) of 
2017. 

Under the ZNCCRS (2014) strategic objectives, objective (b) states that the 
country promotes the use and exploitation of natural resources sustainably and limits 
carbon emissions in all spheres of the economy by steering the adoption of green 
energy infrastructure that is not carbon-intensive. However, it appears as if the country 
is struggling to secure green and renewable energy funding as it is celebrating the 
extension of Hwange Coal Power Station Units by 600 MW via a Chinese company 
called Sinohydro (nsenergybusiness.com). In contrast to the Hwange Coal Power 
Extension deal, the Chinese are reported to have halted the project halfway before 
its completion as the superpower adopted a policy of green energy financing (Banya 
et al. 2022). Using coal as an energy source is causing environmental degradation 
as it is altering the natural carbon cycle and the collapse of ecosystems. Similarly, 
the climate crisis is also political because countries have not taken the necessary 
measures to prevent labourers and the oppressed sections of society from the adverse 
effects of climate change. The government has not established a solid and finan-
cially backed organisational structure to tackle climate change and allocate neces-
sary climate change budgets that transform the economy towards a circular and green 
economy (UNFCC 2015; Mawonde and Togo 2021).

https://www.nsenergybusiness.com/
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Methods 

This study is qualitative as it explores legislation and laws as tools of climate change 
governance in Zimbabwe. As such it adopted a case study research design in which 
document analysis was applied to examine reports and policies on the interconnected-
ness of climate change and politics. The methods used were drawn from an extensive 
literature review between 2011 and 2022. 

Results 

Are Policies Beneficial or a Political Coy in Climate Change 
Consensus? 

Government is the principal actor in the international climate regime. The govern-
ment adopts the decisions taken on an international scale or remains outside climate 
agreements and implements or does not implement some of the agreements adopted 
through laws and policies (Coban 2021). Government bureaucracies under capi-
talism give all permits and licences that lead to the plunder of nature by capital. 
In the audits, companies’ activities against regulations are sometimes ignored to 
maintain good relations with investors, especially in less economically developed 
countries. Besides, as the executive organ, the president or the government in the 
parliamentary system controls the army, police, and gendarmerie, the “repressive 
state apparatuses “used to control natural resources and its people (Aseh 2011). The 
government needs a paradigm shift from simply signing and ratifying international 
conventions on climate change to implementing such policies meaningfully in a 
sustainable manner for the benefit of all. 

Government politics focusing on GHGs emissions alone cannot solve all facets 
of climate change. Moreover, GHGs emissions focussed by the government cannot 
be solved by a “one size fit all” policy. Capitalism as a framework for economic 
development adopted by several governments damages the biophysical environment 
through mining, construction, timber, tourism and similar product production activ-
ities (White 2018). All these activities encourage deforestation, reducing trees as 
carbon sinks to control carbon dioxide levels in the atmosphere. In fact, the govern-
ment must encourage planting more trees along with economic growth to solve 
deforestation and climate change (Singh et al. 2021). In total, the deliberate rate 
of planting trees by various people between 2010 and 2020 was half the rate at 
which people cut down trees. In simpler terms, the rate at which afforestation occurs 
is far below the rate at which natural forests are being destroyed by people (FAO 
2020). The time taken by various ecosystems’ lifecycles differs from one element to 
another. The carbon life cycle is an example of an ecosystem life cycle that differs 
in circulation rate to the rate at which capitalist industries and investments inject it 
into the atmosphere. Another instance is the long-time taken by fossil fuel to form
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as opposed to a short period of combustion to produce energy in industries, factories 
and coal power stations. Unfortunately, climate change impacts as a result of fossil 
fuel combustion last for a very long time in the range of five to seven hundred years 
(Poole et al. 2019). This situation creates long-lasting effects of global warming 
and climate change, while the energy used from the fuels has since been forgotten 
(Brinkmann 2021). 

The climate impact of methane gas is twenty times greater than carbon dioxide. 
However, the atmospheric life of methane is twenty years. At the same time, carbon 
dioxide remains in the atmosphere for hundreds of years (Ramanathan 2020). There-
fore, drastically limiting methane emissions in fossil and livestock farms will have 
a positive atmospheric effect in a short time. In a capitalist economy, fossil fuel 
reserves utilisation has been shortened while the accumulation of GHGs in the atmo-
sphere increased in comparison to the past. Coban (2021) argued that “a problematic 
situation exists between the time of nature of time to accumulate wealth because of 
the cyclical processes of the global world evolving over millions of years and the 
need for rapid production, distribution and profit by capital”. The challenges faced 
by the world in terms of climate change are historical. However, hegemonic climate 
politics have no yesterday and tomorrow (Coban 2021). 

Historical Climate Change Political Dynamics 

Often, in historical terms, events that transpired during the past are overlooked to 
underestimate the historical climate liability that the well-known establishments of 
rich countries have created for a hundred and fifty years (Coban 2021). Climate 
change uncertainties threaten years to come, and the world is fast approaching climate 
disaster and destruction with the likelihood of a six-degree temperature rise (Wallace-
Wells 2019). There is an international call for all countries to put in immense effort 
to reduce global warming and climate change (Chappell et al. 2018; Williamson 
et al. 2018; Peter 2018). The emphasis on doomsday no-tomorrows is applied to the 
people to embrace solutions of the ruling climate politics, which asserts to overturn 
that destiny. 

As a result, it is advised that it is possible to avert catastrophe, for example, 
the ratification of the Paris Agreement and its implementation in various countries 
(Bodansky 2016; Dzvimbo et al. 2017a, b; Coban 2021). The catastrophic impacts of 
climate change come from the linkages between the risk of climate destruction and 
the disposition to be affected by the destruction. The extent of the effects of climate 
change is also linked to the societal segments that will be negatively impacted and 
subjected to, for example, extreme weather events or rainfall variability patterns and 
droughts. To support the previous argument, one can argue that the impacts of climate 
change are hinged on the past; one cannot separate climate change calamities from 
negative impacts that occurred in the past and climate change is produced from past 
events (Compton 2020). Lately, several ecologically related organisations have lost 
hope in the United Nations climate deliberations and negotiations. Climate Activists
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regard the United Nations climate negotiations as weak and non-binding as they 
prefer continual change (Glasgow Agreement 2020; Chirisa and Matamanda 2022). 

The global corporations of the socialist and communist parties operating under 
various names are not effectively leading solid operations and campaigns on the 
climate change catastrophe question. Climate change has seen the mushrooming 
of social movements at the grassroots level, such as Greta Thunberg’s idea for 
Friday school strikes. These activist movements started in 2018 and 2019 due to 
vibrant climate change-oriented students (Han and Ahn 2020; Zhanda et al. 2021). 
These students pursued and championed cleaner production methods and sustain-
able development broadly. As such, Greta Thunberg’s students encouraged people 
to treat climate action as everyone’s business, as the effects are threatening human 
lives globally. Unfortunately, ecologists and climate change organisations lack the 
autonomy to contest the United Nations climate change diplomacy. 

Zimbabwe’s Climate Change Policy Framework 

Zimbabwe is drafting a climate change policy, and there is hope and optimism that 
such a policy will translate to meaningful climate programmes, plans and projects. 
Table 10.1 shows climate change policies in Zimbabwe to date. 

Zimbabwe ratified the United Nations Framework Convention on Climate Change 
(UNFCCC) in 1992 at the Rio Earth Summit, showing commitment to climate change 
action in all facets of its economy. Zimbabwe produced its first communication to 
the UNFCCC in 1998 detailing its commitment to lower greenhouse gas emissions 
and possibly serious challenges that global climate change might have on the country 
through its various economic activities such as mining, agriculture, transport, energy 
emissions, rural impacts and forestry (Zimbabwe’s Initial Communication on Climate 
Change 1998). As a follow-up to the Initial Communication on Climate Change in 
1998, Zimbabwe produced its Second National Communication in 2013, empha-
sising reduced climate change pollutants and enhanced sustainable living conditions 
of citizens from all spheres of life and economic activities (Dodman and Mitlin 2015).

Table 10.1 Zimbabwe climate change policies 

Name of climate change policy Year 

Zimbabwe Initial National Communication to the UNFCCC 1998 

Zimbabwe Second National Communication of Climate Change to the UNFCCC 2013 

Zimbabwe’s National Climate Change Response Strategy 2014 

Zimbabwe Third National Communication to UNFCCC 2016 

Zimbabwe Fourth National Communication and First Biennial Update to the Report 
UNFCCC 

2020 

Source Authors 
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In 2014, Zimbabwe produced its National Climate Change Response Strategy. 
The response strategy has seven central pillars in response to climate change issues. 
These pillars include (1) Adaptation and Disaster Risk Management; (2) Mitigation 
and low carbon development strategies (LCDS); (3) Capacity to effect: adaptation 
and mitigation, climate change communication, education and raising awareness, 
research and development, appropriate institutions to address climate change issues; 
(4) Governance framework; (5) Finance and Investment; (6) Technology develop-
ment and transfer, including infrastructure and (7) Communication and advocacy; 
information management and dissemination (Zimbabwe’s National Climate Change 
Response Strategy 2014). The country’s national climate change policy is a compre-
hensive document that considers the inclusive nature of an intervention strategy that 
includes all major stakeholders and supporting frameworks emanating from various 
international protocols. 

In its commitment to a brighter climate future, Zimbabwe produced a Third 
National Communication to the United Nations Framework Convention on Climate 
Change in 2016. The production included a multi-actor approach ranging from 
various ministries in the country, NGOs, academics, civil society, Zimbabwe Meteo-
rological Services Department and Zimbabwe National Statistics Agency, to mention 
a few. The overarching aim of this document is to notify the Convention Parties, rele-
vant climate change stakeholders, government policy planners and decision-makers, 
various field specialists, and the public at large of the impacts of climate change in 
Zimbabwe. The Communication also delivers Zimbabwe’s GHG emissions whilst 
outlining mitigatory measures to be taken to avert the impacts caused by climate 
change (ZTNCUNFCC 2016). 

In 2020, Zimbabwe produced its First Biennial Update Report (BUR1) to the 
UNFCCC. Through this report, the country provides updated climate change infor-
mation on national climate change conditions, GHG profile, and mitigatory plans 
and outlines finance, technology and capacity-building needs and support for a better 
climate-resilient society (ZFBURUNFCCC 2020). 

Apart from these national climate change policies, according to Dodman and 
Mitlin (2015), Zimbabwe has a National Climate Change Office housed in the 
Ministry of Environment and funded by the United Nations Development Programme 
(UNDP). Its mandate is to liaise with the UNFCCC to produce various national 
climate change communication documents. The country has a National Climate 
Change Task Team housed in the Office of the President, with a permanent secre-
tary handling its affairs at the highest level. The task team has a climate change 
budget from the national government and is responsible for coordinating all relevant 
government structures to design, plan and execute a solid national climate change 
strategy that focuses on the country’s climate change challenges (Dodman and Mitlin 
2015). In addition, Zimbabwe has a National Climate Change Steering Committee. 
This committee is responsible for facilitating a more comprehensive range of climate 
change participants from government and civil society in response to formulating 
national climate change response strategies. 

While Zimbabwe is good at crafting sound climate change policies among others, 
it suffers from implementation paralysis; hence it is yet to be seen if the climate
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change policy will be different in any way. Significant climate policy needs broader 
collective changes due to its long-duration nature. This may be challenged by those in 
the engineering field who propose and believe in scientific and quantitative methods 
as solutions to GHG emissions reduction instead of policies compartmentalised in 
the government’s storage files without proper implementation (Dzvimbo et al. 2017a, 
b). 

Methods such as the scientific geological storage and sequestration of carbon-
captured fossil fuel combustion or geo-engineering are becoming progressively more 
prevalent (Huisingh et al. 2015); hence, Zimbabwe’s government needs to spearhead 
such projects with the help of the private sector and emissions markets. This approach 
is technologically vibrant as carbon emissions mitigation markets work well if the 
government ensures scarcity on the market. This scenario leads to a price and an 
effective fine or punishment for non-complying companies. Climate change policies 
must be treated as essential set standards to ensure better living standards for people 
as stipulated by sustainable development goal 13 (climate action). Climate change 
policies must not be seen or regarded as policies that conflict with humanity or divisive 
policies (Thomas 2021; Ojha et al. 2016). This paradigm drifting in climate change 
policies means that the government should act as an “enabling state” by ensuring an 
adequate, inclusive and integrated climate change policy framework that enables a 
smooth operationalisation of climate change adaptation and mitigation (Clarvis et al. 
2014). 

Climate change activists and individuals concerned about the climate are 
constantly warning the world about an impending severe, catastrophic climate chal-
lenge that requires swift and drastic adaptation and responsive measures to be imple-
mented (Han and Ahn 2020; Lomborg 2020). On the other side of the coin, climate 
doubters suspect and doubt the reality or the seriousness of global warming. They 
usually contend contrary to far-reaching climate policy or find climate policy not 
relevant at all (Renn 2011; Lo  2014). For example, in the United States, climate-
doubting people have relatively huge media attention as the media believe in hearing 
both sides of the story (Boykoff and Boykoff 2004). As a result, a balanced bias is 
created as the small climate change cohort attains much media coverage as opposed 
to their non-sceptical proponents. 

Discussion 

The Dynamics of Global Climate Change Policies 
and Frameworks 

Studies show the mismatch between the policies and the necessary emission reduction 
target. For example, following the Paris Climate Agreement signed in 2015, the 
state parties to the agreement should update and upgrade greenhouse gas emission 
reduction targets for 2030 (FAO 2016; Zhanda et al. 2021). It is critical to note that
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if the temperature rise is to hold at 1.5 degrees by 2100, it is necessary to reduce the 
parties’ emissions by 55%, according to their first pledges. However, according to a 
report that examines the declaration of the 75 states who reported a renovated target, 
there is only 2.8% of additional reduction pledges from these countries compared 
to their targets five years ago (UNFCCC 2021: 5; Fransen et al. 2021). This is a 
mere drop in the ocean. Besides, the countries’ total emissions have increased since 
1992, when the United Nations Climate Convention was signed. Annual emissions 
have increased by 60%, while the global cumulative emission doubled from 1990 to 
2015 (Matamanda et al. 2017). Let alone the reduction of emissions, the hegemonic 
climate policy measures have doubled cumulative output and thus clearly indicate 
their ineffectuality (Çoban 2021). 

Questioning the Politics of Climate Change 

Climate politics is evolving over time and may be entering a new era (Zhang and 
Li 2018). Several inquiries and questions have been asked on how to respond to 
climate change and who are the majority of victims of the change (Davis 2020). 
However, it is known now that climate change affects human health directly and 
indirectly and increases human mental health challenges like solastalgia (Bourque 
and Cunsolo Willox 2014). Youthful climate change activists and movements are 
playing a significant role in imparting climate change awareness and education; the 
landscape of climate action seems to be overwhelmed by unintentional impacts as 
pragmatic evidence emerges of greening projects’ adverse impacts, for example, 
causing people’s displacement (UN-Habitat 2020). However, Davies (2021) noted 
that despite international concern about climate change issues, the world seems to 
be losing the battle to keep GHG emissions low to a reasonable amount. Developing 
countries suffer the most from the failure to adapt to climate change (Tadesse 2010; 
Burke et al. 2018). 

The Covid-19 occurrence in 2020 has negatively affected global economies, but its 
impact on the environment is unclear (International Energy Agency 2020; Khan et al. 
2020). According to Cheval et al. (2020), efforts to reduce poverty and inequality 
have been compromised by the arrival of the Covid-19 pandemic. Covid-19 has 
triggered the need to avail stimulus packages to assist peoples’ standard of living. 
The bulk of the stimulus package was also channelled to infrastructural developments 
such as information technology, hospital expansion, purchasing personal protective 
equipment, and climate emergency (Shah et al. 2020). Part of the Covid-19 stimulus 
package was meant to support climate emergency under the auspices of the “Green 
New Deal” and just transitions. Dzvimbo et al. (2017a, b) and Samper et al. (2021) 
argued that terms like the “Green New Deal” may reflect a new paradigm shift towards 
climate change or are easily a continuation of old climate change politics wrapped 
in a different piece of glittering paper. There has been a comprehensive, widely held
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response to the clarion call to confront anthropogenic climate change on a global 
scale (Scott 2021). The ecological footprint presents a gloomy picture that threatens 
all dimensions of sustainable development. 

Beyond Climate Change Impacts and Challenges 

The impacts of climate change are complicated to quantify and predict; however, it is 
estimated that anthropogenic climate change causes over 300,000 deaths per year. The 
death is related to hunger, poor nutrition, famine and food insecurity (Paslakis et al. 
2021). The challenges caused by the negative impacts of climate change have a ripple 
effect (Levner and Ptuskin 2018). Human migration in the form of forced or voluntary 
migration is one of the most significant results of environmental degradation and 
resource overexploitation (Parrish et al. 2020). Environmental degradation and over-
exploitation of natural resources, especially plants and trees, directly result from 
drought, low rainfall and a shift in weather patterns. The result is human-animal 
conflict and human-to-human conflict over boundaries and the availability of fresh 
water and arable land (Everard et al. 2020). 

Compared to other catastrophic events that have confronted the world, climate 
change can be regarded as one of the greatest calamities humanities ever faced 
(Gurría and Leape 2009; Dzvimbo et al. 2017a, b; Conversi  2020). Considering 
the diabolical implications of keeping up with the current GHG emission levels, 
let alone increasing them (Khan and Munira 2021), it is scary that less effort has 
been put into altering global production-consumption levels except for endless talks 
yielding meagre results. In an attempt to limit GHG emissions by the UNFCCC, the 
Kyoto Protocol educated nations about the calamities of climate change and the need 
to reduce GHG emissions but failed to govern and regulate various countries’ GHG 
emissions as it favoured continual change and phasing out of chemically toxic ozone 
depleting substance (Tabassum 2021). 

Climate change is an urgent crisis with a devastating effect on the development of 
intact radical forms of political commitment and engagement within the Camp for 
Climate Action (Howes et al. 2015). Whilst it is premature to challenge the climate 
change problem as a matter of urgency and concern to us all, the appeal of urgency 
encourages the liberal carbon consensus (Hornsey and Fielding 2020). The IPCC 
Fourth Assessment Report and the New Economics Foundation’s “100 months” 
report noted a rise in GHG emissions as time progressed (IPCC 2007). However, in 
these reports, the IPCC emphasised the need to deal with climate change first while 
other contented issues were set aside for tomorrow’s deliberations.
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Trade-Offs and Rethinking Climate Change Integration 

The United Nations Framework Convention on Climate Change (UNFCCC) met in 
Copenhagen for the Fifteenth Conference of Parties (COP15) (Dzvimbo et al. 2017a, 
b; Kinley et al. 2021). The COP 15 meeting emanated from the 1992 Rio Summit 
on the Environment and Development, also known as the Rio Earth Summit. The 
highest meeting and renowned of them is Kyoto in 1997, where the disreputable 
‘Kyoto Protocol’ was adopted to curb increased greenhouse gas emissions. Under the 
Kyoto Protocol, numerous carbon reduction strategies were proposed and adopted. 
These include the Cap and Trade and Clean Development Mechanism, emissions and 
trading and joint implementation (Michaelowa et al. 2019). The COP15 was elevated 
as a champion in solving climate change impacts by reducing GHGs emissions. The 
media and other communication led the positive Kyoto Protocol campaign, but a 
few years later, it proved to be weak ratification of climate change policy (Ruddock 
2009; Costa  2016). 

There are concerns in the literature about the Copenhagen Climate Change Confer-
ence of 2009 on whether the conference tried to solve climate change and embrace 
a sustainable way of living or promoted the starting of a new cycle of wealth accu-
mulation. This Copenhagen crisis is a tug-of-war between Copenhagen from above 
and Copenhagen from below. The Copenhagen above and below is a clash over 
‘justice’, a battle of values. The Capitalists view maintaining and extending their 
modes of production and resource exploitation in a drive to accumulate wealth as 
fast as possible, whereas the ‘below’ wants to embrace sustainable development prin-
ciples in wealth accumulation growth. Capitalists regard the Copenhagen Climate 
Change Conference of 2009 as an opportunity to restore faith in the capitalist system 
and representative democracy amid political and economic crises (Klein 2015). 

Study Limitations 

The study was limited by time constraints on the researcher’s side. The researchers 
felt that more time was needed to gather more grey literature to support the study 
with more facts and examples. However, due to work commitments, the researchers 
struggled to coordinate effectively. Nonetheless, the researchers gathered valuable 
secondary data from a few available resources to develop a comprehensive line of 
argument.
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Conclusion 

The chapter outlined climate change politics in Zimbabwe and detailed hege-
monic climate change policies adopted from various United Nations conferences. 
Zimbabwe drafted various localised climate change policies without many imple-
mentations of those policies on the ground. Ordinary Zimbabweans are not consulted 
on climate change policies, and the country relies on a top–down approach making it 
difficult for ordinary citizens to participate in climate change adaptation and coping 
mechanisms. While climate change policies in Zimbabwe appear very good on paper, 
the country is challenged by a lack of finance, international funding, technology and 
real timeframes to embrace projects which support the green economy transition. 
Climate change is affecting rainfall patterns in Zimbabwe, reducing the amount of 
water required at green power stations such as Kariba Hydro Power Station. Climate 
change takes the country back to relying more on producing energy through non-
renewable resources in the form of coal at Hwange Power Station. The expansion 
of Hwange Power Station is a testimony to Zimbabwe’s government’s challenges to 
adopting clean sources of energy. Despite being a signatory to international conven-
tions on climate change, Zimbabwe still has a long way to go in domesticating and 
crafting policies and plans. Much is yet to be realised from the climate change policy 
in Zimbabwe. 
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Chapter 11 
Geospatial Surveillance of Vicissitudes 
Observed in the Land Surface 
Temperature of the Federal Capital 
of Pakistan Over Three Decades 

Amna Butt 

Abstract The provision of geospatial surveillance for the assessment of the built 
environment’s bearing on urban microclimate is of paramount significance, yet it 
is very complicated. The amalgamation of remote sensing techniques and tools has 
made it possible to appraise the impacts of the built environment on micro-climatic 
conditions in the past. The present study, therefore, deployed various tools to deter-
mine the extent of risk the built environment posed to Islamabad in the past three 
decades and predict the future in the prevalence of current practices. The calibra-
tion of the past landscape was done by per-pixel signature-based hybrid classifica-
tion performed in the ArcGIS environment. The next step was a calculation of the 
selected micro-climate variable i.e. Land Surface Temperature (LST) via a mono-
window NDVI-based algorithm. The outcomes of both analyses were correlated in 
the SPSS environment to determine which land use category correlated strongly with 
the LST. The research outcomes highlighted that the urban expansion in the capital 
city was mostly at the expense of vegetation. The urban areas of Islamabad expanded 
from covering 10% of the study area in 1988 to about 23% area in 2018 respectively 
while the vegetation cover shrunk from 54 to 36% in the same period. This landscape 
change contributed significantly to the rise of land surface temperature (maximum) 
from 24 to 31 °C in Islamabad as evident by the strong correlation coefficient obtained 
(0.999*) between LST and Normalized Difference Built-up Index (NDBI) calculated 
for the capital city. These findings further indicate a future where the effects of land-
scape alterations on the land surface temperature will be devastating especially if the 
current practices continue to persist. In the absence of strong policy interventions, 
these outcomes indicate a highly unsustainable future. However, this research could 
be used as a reference point to develop, test, and implement developmental plans 
and policies that establish appropriate ratios for different land use types to ensure 
the sustainability of the environment and the availability of its associated amenities.
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Introduction 

The built environment is a term that encompasses not only the assortment of buildings 
(for instance the places where we live or work); it rather includes the physical outcome 
of various socio-economic as well as environmental processes, which pertain strongly 
to societal needs and standards. Thereby, the built environment can be coined “urban 
influence” whether that influence is on public health, physical activity, transportation 
network, or any other physical feature or process of life. The unique biophysical 
features of the built environment differ from that of the surrounding rural areas and 
contribute more significantly to alterations in urban microclimate (Guha et al. 2020). 

Everything apparent in a built environment is designed by someone to look natural 
but is rarely so. Even the natural reserves and parks are devised with the aesthetic 
beauty and comfort of an urbanite in mind. These changes in the natural environment 
are primarily the outcomes of the altered land cover of an area. Therefore, the first 
step in determining the extent of the risk posed by the built environment to the land 
surface temperature is understanding the local built environment itself. A wholesome 
account of the local built environment of an area, as well as the alterations observed 
in that area over the areas, is of paramount significance as many aspects of the built 
environment impact us in a variety of ways and the impact of each aspect on people’s 
life is subtle, but the combined effect poses significant causes for concern. 

Climatic Implications of Built Environment 

Most of the components of the built environment, whether they be biophysical or 
socioeconomic contribute significantly to the changes in climatic conditions. Such 
an environment comprises unique biophysical features such as biotic and energy 
exchange patterns, as well as hydrological and atmospheric cycles that are relative to 
surrounding areas. Fluctuation in these exchange patterns is primarily attributed to 
the land cover dynamics of an area (such as the replacement of vegetated surfaces with 
paved ones leads to access runoff of rainwater and thus changes the local hydrology) 
and contributes towards the changes in local climatic conditions (Bendib et al. 2017). 

Additionally, the built environment is the leading cause of raised levels of land 
surface temperature in metropolitan cities all over the world, making it responsible 
for creating urban heat islands. For instance, exhaust gasses from vehicles emit green-
house gasses that are responsible for raising the earth’s temperature. Paved surfaces, 
new infrastructure, and construction operations on the other hand lead to increased 
runoff rate, altered evapotranspiration rate as well as land surface temperature eleva-
tion (as mentioned above). Therefore, changes in the land use/land cover pattern in a 
built environment cause deforestation, agriculture intensification, and rapid urbaniza-
tion which both, directly and indirectly, are responsible for land surface temperature 
elevation (by increasing CO2 level in the atmosphere). Furthermore, the shaping of 
infrastructure for both buildings as well as transportation purposes is affecting the
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access to green spaces and is responsible for habitat disruption of environmentally 
imperative species. 

This is a serious cause of concern for a country like Pakistan because the built 
environment of Pakistan has changed significantly over the decades due to rapid 
urbanization. Major vicissitudes have been observed in the built environment of both 
the urban and rural areas of Pakistan in the last few decades, most especially in the 
metropolitan areas. These vicissitudes are associated with immense socio-economic, 
demographic, and technological transformation (Khan et al. 2020; Belokrenitsky 
2017). The driving force behind this rapid urbanization in Pakistan was different in 
different eras. Before the 1980s, urbanization was driven by industrialization-based 
modernization. Whereas after the 1980s, the agglomeration of the population within 
cities’ boundaries, urban periphery, and townships were responsible for the present 
state of urbanization. Furthermore, because of the colossal migration from rural to 
urban areas, more than millions of housing units are required to be built in the urban 
areas of Pakistan on yearly basis (Qayyum 2019). 

The rampant shift in land use and the associated climatic implications are more 
prominent in the Federal capital of Pakistan because it has been subjected to Urban 
agglomeration more than many other cities because of its vicinity, aesthetic beauty, 
and economic potential. This fact was also highlighted by the study conducted by 
Naeem et al. (2018) that comparatively analyzed the association of urban greenspaces 
of Beijing and Islamabad with LST. The outcomes suggested that both the config-
uration and composition of the urban greenspaces influence the distribution of LST 
in urban centers. The study indicated that cool surfaces can be increased or the LST 
of urban centers can be decreased if the number of green spaces available in these 
centers is increased. 

Role of Geospatial Tools in Built-Environment Impact 
Assessment 

Assessment of the impacts of climate change on the built environment or the impacts 
of various aspects of the built environment on the regional climate has been the focus 
of numerous studies over the past (Mukherjee et al. 2016; Feizizadeh et al. 2013). 
Recent research has placed intensive emphasis on how to design the future built 
environment to cope better with the changing climate and lately, how to reduce the 
impacts of rapidly increasing Land Surface Temperature (LST), which is an outcome 
of rapid urbanization (Millward et al. 2014; Li et al.  2012). To that effect, Remote 
sensing and GIS tools have played a key role in determining the level of land surface 
temperatures and subsequent development of the urban heat island effect in different 
parts of the world as evident by the substantial amount of literature available on the 
topic (Gohain et al. 2020; Logan et al. 2020; Ayanlade 2017; Bendib et al. 2017, 
etc.).
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Gohain et al. (2020) associated the intensification of LST in Pune city with land 
cover changes (from 1990 to 2019) by using satellite data of different Spatio-temporal 
resolutions. Logan et al. (2020) appraised the import and influence of urban land 
surface characteristics on land surface temperature (remotely sensed) for four cities 
in the U.S. The study used night-time thermal satellite imagery of moderate resolution 
along with certain statistical models to accomplish this task. The outcomes of the 
research highlighted the important role played by both impervious and vegetative 
surfaces in association with LST. 

Khan et al. (2020) endeavored to determine the impact of land use dynamics on 
Relative Land Surface Temperature (RLST). The study classified land use dynamics 
via a random forest classifier and retrieved RLST via a standardized radiative transfer 
equation. The study found the increase in Urban Heat Island (UHI) effect due 
to continuous anthropogenic activities and the conversion of natural surfaces to 
impervious ones, which is a trend that is increasing day by day. 

Ayanlade (2017), assessed various land classification methods and their implica-
tions on variations in land surface temperature by using remotely sensed data in a 
case study based in Nigeria. It was established that many Spatio-temporal, spectral 
and environmental factors can determine which of the remote sensing methods will 
work best to effectively determine the land surface temperature. Thereby, the choice 
of the method should be made by keeping all these factors into consideration. 

Bendib et al. (2017) in another study employed the Mono-Window (MW) algo-
rithm on Landsat 8 TIRS for the retrieval of land surface temperature. The algorithm 
required surface emissivity and spectral radiance as inputs which were obtained with 
the help of the Normalized Difference Vegetation Index (NDVI) and band 10 of the 
imagery respectively. 

Sun et al. (2015) performed an intercomparison of LST retrieved from two separate 
sources namely: MODerate Resolution Imaging Spectroradiometer (MODIS) and 
Geostationary Operational Environmental Satellites (GOES). The differences in the 
LST calculated via both satellites, which operate on different algorithms, were more 
pronounced during daytime than nighttime. This difference was attributed to the land 
surface properties (such as surface emissivity and vegetation cover) as well as the 
anisotropy in satellite viewing geometry. 

Mukherjee et al. (2016) in their research debated that both the built environment 
and urban heat islands generated as a consequence of the Spatio-temporal changes 
in the built environment are of great importance for urban policy and planning. 
The study claimed that the variation in land surface temperature within the built 
environs reported in the respective research was due to different land use practices 
with the highest temperature in urban areas followed closely by suburbs and the 
lowest (relative) observed in rural areas. 

Bearing the insights gained from the above literature, the fundamental objective of 
the present research was to employ geospatial modeling tools to appraise the changes 
in the built environment of the Federal Capital over the past decades and determine the 
extent of risk such change poses to the urban microclimate (more specifically, the land 
surface temperature). To that effect, the present research employed an amalgamation
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of Remote sensing and GIS tools to determine the extent of risk the built environment 
posed to local climatic conditions (the specific objectives that were drawn for this 
research are outlined in the subsequent section). 

Specific Objectives 

Employ geospatial modeling tools to appraise the changes in the built environment 
of Islamabad over the past decades—This objective was specifically designed to 
determine the past and present trends of land cover and land use in the city with 
the help of remotely sensed data (Landsat 4–5 TM and Landsat 8 OLI imagery) 
and GIS tools (per-pixel signature-based hybrid classification). The maps generated 
by the geospatial appraisal of the changes observed in the built environment were 
thereby used as a baseline or foundation in the present study on which the subsequent 
objectives relied. 

Determine which land use classes are associated most with the vicissitudes 
in land surface temperature—After the comprehensive appraisal of vicissitudes 
observed in the landscape of Islamabad over the decades (1988–2018), it was imper-
ative to evaluate each land use category against the Land Surface Temperature calcu-
lated for each year by the means of the Mono-window NDVI-based algorithm. This 
endeavor gave a clear account of which land use class or category correlated even 
slightly with the calculated LST. 

Determine the extent of the risk land use change posed to current climatic 
conditions in terms of elevated land surface temperature—To accomplish the final 
and ultimately significant objective of the present research, two indices were further 
developed, namely Normalized Difference Built-up Index (NDBI) and Normalized 
Difference Water Index (NDWI). These indices were then correlated with the results 
of the LST to support the previous objectives that indicated that built-up areas and 
vegetation play a crucial role in determining the urban microclimate of a region, 
especially in terms of the elevated Land Surface Temperature. 

Materials and Methods 

The general methodology adopted to fulfill the study objectives consisted of the 
following steps: Satellite data collection and processing, Hybrid classification, Accu-
racy assessment, Land Surface Temperature (LST) calculation, and Correlating LST 
outcomes with different Indices (see Fig. 11.1 for the details).

The satellite data for the present research was acquired from Landsat 4–5 TM 
(years 1988, 1998, and 2008) and Landsat 8 OLI (the year 2018) and was processed 
for radiometric and atmospheric corrections in the ArcGIS environment. The next 
step of the research involved the quantification of built urban areas, water-covered 
areas, agricultural areas, and barren, and vegetation-covered areas of Islamabad for
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Fig. 11.1 The methodology adopted to assess the relationship between land use change and Land 
Surface Temperature elevation

the years 1988, 1998, 2008, and 2018. The outcomes obtained for each land use 
class were then compared to observe the shift in the land use pattern over the years. 
This was done by the signature-based hybrid classification method. This method 
combined the outcomes of software-defined unsupervised classification with user-
defined maximum likelihood supervised classification to generate an output of 5 
land use classes, namely Agriculture, Water, Vegetation, Soil/Rocks, and Settle-
ments/Built area. Out of these, the Vegetation and Settlements/Built area class was 
further extracted to be correlated with the LST outcomes as the previous research 
suggested that they correlated significantly with the LST and thus played a crucial 
role in determining the LST of an area as opposed to water bodies and barren lands. 

For LST estimation, the mono-window NDVI-based algorithm (Cartalis et al. 
2016) was employed for which the thermal infrared bands were extracted from the 
imagery. Then, the data obtained from the bands was converted into radiance by 
utilizing thermal rescaling radiance factors. This radiance was used to calculate 
brightness temperature by using thermal constants available in the metadata file. 
Additionally, land surface emissivity was derived from the emitted radiance and 
LST maps were generated. 

The formulae for these calculations are given below: 

1. Landsat data were rescaled to calculate the top of atmosphere spectral radiance 
by using the following formula: 

Lλ = MLQcal + AL (11.1)
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where Lλ represented TOA spectral radiance calculated in Watts/(m2 * srad * 
μm), ML was a band-specific multiplicative rescaling factor obtained from the 
metadata and AL represented a band-specific additive rescaling factor and was 
also obtained from the metadata file. Qcal on the other hand was a symbol for the 
band’s DN value also known as quantized and calibrated standard product pixel 
values. 

2. In the second step, Top of Atmosphere (TOA) brightness was calculated by using 
the following equation: 

BT = (K2/(ln(K1/L) + 1)) − 273.15 (11.2) 

where BT is brightness temperature, K1 and K2 are band-specific thermal conver-
sion constants obtained from the metadata file, ln is the log and L is TOA radiance 
calculated in the previous step. 

3. The next step included calculation of the Normalized Difference Vegetation Index 
(NDVI) using Red and Infra-Red bands. 

4. Using the output of step 3, the proportion of vegetation (Pv) was calculated as 
follows: 

Pv = Square ((NDVI − NDVImin)/(NDVImax − NDVImin)) (11.3) 

5. Following that, the emissivity was calculated by employing the formula: 

ε = 0.004 ∗ Pv + 0.986 (11.4) 

6. The last step of the methodology was calculation of LST by adding the values 
obtained for all the above factors in the formula given below: 

LST = (BT/(1 + w ∗ (BT/1.4388) ∗ Ln(ε))) (11.5) 

where w represented the wavelength of emitted radiance (11.5 μm). 

The assessment of the impact of the built environment on LST was carried out 
via calculating the Normalized Difference Built-up Index (NDBI) (methodology 
adopted: Guha et al. 2020) and correlating its outcomes with those obtained for LST. 
The Index was calculated by using the following formula (vi): 

NDBI could be calculated by reflectance SWIR band (5 or 7 of Landsat 4–5/6 or 
7 of Landsat 8) and NIR band (4 of Landsat 4–5 and 5 of Landsat 8). In the raster 
calculator write: 

NDBI = SWIR − NIR/SWIR + NIR (11.6)
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where reflectance SWIR band (band 5 or 7 of Landsat 4–5 TM and band 7 of Landsat 
8 Oli) and NIR band for Landsat 4–5 was band 4 and in the case of Landsat 8, it was 
band 5. 

The justification of the study outcomes was provided by yet another index i.e., 
the Normalized Difference Water Index (NDWI) which was calculated using the 
following formula: 

NDWI = NIR − SWIR/NIR + SWIR (11.7) 

The outcomes of both these indices were calculated in the ArcGIS environ-
ment and correlated with the LST outcomes in SPSS. The resultant maps that 
were generated based on the calculations in ArcGIS were compared to provide a 
better understanding of the Spatio-temporal variations observed for the city over the 
decades. 

Results and Discussion 

Policymakers actively tend to seek to direct urbanization to uphold the quality of life. 
Urban ecosystems and microclimates play a crucial role in this process as they impact 
the well-being of local populations and the long-term sustainability of the cities in 
one way or another (Sander 2016). However, it is challenging to factor in the impact 
of land use policies or changes on the microclimate using traditional methods. The 
outcomes of the present research provided the means to assess how different anthro-
pogenic and biogeophysical variables might be responsible for shaping the land-
scape of today and the resultant impact on the urban microclimate and consequently 
well-being. 

Land Use Dynamics 

To determine the direct and indirect impact of the built environment on Land Surface 
Temperature elevation, it was imperative to accurately calibrate the record of land use 
in the study area. Therefore, hybrid classification was performed on Landsat imagery 
from 1988, 1998, 2008, and 2018. The accuracy of Islamabad’s classification was 
above 80% for overall images and above 70% for each land use class in any given 
year (the details are given in Table 11.1).

As shown in Figs. 11.2 and 11.3, five land use classes were delineated for each 
city, namely: Agriculture (pink color), Built-up area (red color), Soil/Rocks (yellow), 
Vegetation (green), and Water (blue). The area covered by each class in Islamabad 
over the years is given in Table 11.2. However, for future analyses and correla-
tions, only the area covered by the Settlements and Vegetation class was taken under 
consideration.



11 Geospatial Surveillance of Vicissitudes Observed in the Land Surface … 207

Table 11.1 Class-wise classification accuracy and Kappa statistics for the study area 

Sr Year Overall 
accuracy % 

Kappa 
statistics 

Class type wise accuracy % 

Agriculture Built-up Soil Vegetation Water 

1 1988 82.47 0.7647 78.57 87.10 84.85 86.54 100 

2 1998 82.55 0.7669 72.73 85.29 92.86 82.35 86.67 

3 2008 84.00 0.7857 76.67 91.67 87.50 83.87 100 

4 2018 87 0.8297 82.14 80 100 88 75

Fig. 11.2 Land use map of Islamabad for different years showing all five land use classes i.e. 
Agriculture (pink), Settlements/Built-up (red), Soil (yellow), Vegetation (green), and Water (blue) 
class

The percentage area covered by each land use class in Islamabad over the years is 
given in Fig. 11.3. The figures given in Table 11.2 gave a clear indication of the urban 
area expansion in the capital city of Pakistan over the years, whereas the in-depth 
analysis of the map showing Spatio-temporal dynamics of land use indicated that 
this expansion was not only at the expense of surrounding vegetative areas, but also 
put a considerable strain on the water reserves of the city which depleted steadily 
over the decades. 

However, for future analyses and correlations, only the area covered by the Settle-
ments and Vegetation class was taken under consideration. Observing the trends
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Fig. 11.3 Graphical representation of Islamabad’s land use classes for the years 1988, 1998, 2008, 
and 2018 showing five different land use types of the city in different decades as well as the 
percentage of area covered by them 

Table 11.2 Summary of the area covered by different land use classes of Islamabad over the past 
three decades 

Year Area covered by different LULC types of Islamabad Sq Km 

Agriculture Built-up Soil Vegetation Water 

1988 162.13 93.74 149.54 495.85 12.67 

1998 158.78 116.78 142.67 483.23 12.47 

2008 200.12 122.14 140.18 439.05 12.44 

2018 229.10 208.39 137.80 326.53 12.20

depicted in Fig. 11.1, it became apparent that over the past decades, settlements/built-
up areas expanded in the southwest and southeast areas of Islamabad as well as in the 
vicinity of Rawal lake and on the outskirts of Margalla hills. This was reflected in the 
percentage increase given in Fig. 11.2 as well. Contrarily, the area covered by higher 
vegetation decreased over the years predominantly in the northwest, northeast, and 
southeast regions. 

Furthermore, the shrinkage of vegetation in these areas was predominantly 
because of the increasing demands for the development of infrastructure to accom-
modate the ever-increasing population in the city, especially near the urban centers 
and the vicinity of the major water reservoirs. Also, the added strain was placed on 
the vegetation by the construction of motorways, highways, and a general broadening 
of the road networks to increase the accessibility of the population to the available 
ecological and economic amenities. These outcomes were generally in line with the
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previous studies conducted in the area, such as the one conducted by Hassan et al. 
(2016) which deliberated the land use dynamics of Islamabad from 1992 through 
2012. The study highlighted the economic growth of the federal capital as the main 
driver behind the general trend of the environmental degradation for the sake of urban 
expansion observed in the city, followed closely by the population growth, as well 
as changing climatic conditions, and mass migration from surrounding rural areas. 

Another research conducted by Butt (2015) focused on assessing the environ-
mental implications of rapid urbanization and deforestation in the Rawal water-
shed (which is mainly located in the capital city). It was found that Spatio-temporal 
modifications of the land parcels in the area were greatly influenced by a shifting 
pattern of land use in the area which consequently put great pressure on the avail-
able resources. Similarly, Butt et al. (2015) also stressed that the accelerated rate 
of land transformations in the vicinity of Islamabad needs to be catered to properly 
developed management plans and conservation strategies to ensure the protection 
and continued availability of the water, forest reserves, and soil resources. However, 
not much research conducted in the area has put any considerable focus on assessing 
the impact of changing landscape on the land’s surface temperature and what it might 
mean for the population. 

The outcomes presented in the subsequent sections provide great and valuable 
insight regarding the land surface temperature of the study area. Furthermore, the 
following research outcomes highlight how the dynamics of land use in the study 
area correlate with land surface temperature vicissitudes recorded by the satellite 
data over the decades, thus providing comprehensive proof of the impact land use 
change has on the microclimatic conditions of the city. 

Temporal Land Surface Temperature (LST) Fluctuations 

The outcomes of LST analyses (given in Figs. 11.3 and 11.4) for the last two decades 
(1998–2018) revealed an overall increasing trend over the entire period however the 
increase was exponential over the last decade. The presence of vegetation, whether 
it was in the form of agriculture, shrublands, or the thick forest of Margalla, was 
responsible for the cooling of Earth’s surface because of evapotranspiration. This was 
reflected in the strong negative correlation it showed with the land surface temperature 
in the city (1.000** at 0.01 interval).

As evident from the graph given below (Fig. 11.4), the minimum value of temper-
ature for Islamabad was 6.8 °C in 1998 which increased up to 10.2 °C in 2008 and 
17.1 °C in 2018. The maximum temperature recorded by the satellite however was 
23.9 °C in 1998 which rose slightly in the following decade (24.8 °C) but showed 
an exponential increase in the last decade where the highest recorded value was 31.4 
°C in October 2018. 

The previous study conducted for the area by Waseem and Kayyam (2019) high-
lighted the loss of vegetation as the sole responsible factor for the increase in Land 
Surface Temperature where the study recorded the loss of vegetation (including all
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Fig. 11.4 Land surface temperature maps of Islamabad showing spatiotemporal variations over 
two decades

forms of vegetation) for the past 25 years (1992–2017) and correlated its impact on 
the LST. However, the study did not take into account the role the Built environment 
played in determining the recorded vicissitudes in LST over the decades. The subse-
quent section of the present research, however, highlights how the vicinity of urban 
or rural centers contributed to the rise or fall of LST. 

Built Environment’s Contribution to the Observed LST 
Vicissitudes 

The effect of land use changes on land surface temperature varied with the land use 
type. However, these effects were more prominent in the urbanized areas. The pres-
ence of vegetation was responsible for the cooling of the Earth’s surface because of 
evapotranspiration. This was reflected in the strong negative correlation it showed 
with the land surface temperature (1.000** at 0.01 interval). Contrarily, Fig. 11.5 
deliberated that fallow land/soil, as well as impervious surfaces, contributed signifi-
cantly to the increase in land surface temperature with a very strong positive correla-
tion between built-up areas and land surface temperature (Fig. 11.5 and Table 11.3). 
Similar results were attained by Aslam et al. (2021) for Islamabad. The study consid-
ered recent years i.e., 2013 and 2019, and explored the Spatio-temporal dynamics 
of LST. The study also assessed the Local Climatic Zone (LCZ) and correlated the 
outcomes with NDBI and NDVI. Bokaie et al. (2016) also obtained comparable 
outcomes for Tehran. It could thereby be debated that not only the LST be decreased
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by increasing the number of green spaces in or nearby urban centers as recommended 
by Naeem et al. (2018) but also by decreasing the number of impervious surfaces and 
increasing waterbodies in the vicinity of urban centers (discussed in detail below). 

Both the figure and the table reveal that the overall expansion of built-up areas in 
the city and subsequent loss of vegetation land until 2018 was responsible for raising 
the land surface temperature quite significantly (more so in the last decade) and if the 
same trend is continued, it is predicted that the mean surface temperature could rise 
to 30 °C by 2028 (this prediction is made for October). The primary reason for this 
rise in the temperature is the increase in surface albedo which reportedly rises when 
vegetation cover is replaced by or is converted into another land cover especially 
impervious surfaces with great reflecting potential (Kirchner 1984). 

Nevertheless, reviewing Fig. 11.5 (which compared LST with NDBI outcomes) it 
was revealed that although the overall temperature of the city centers or urban hubs 
was higher than that of other areas, it was lower compared to the surrounding rural 
zones of the cities during the daytime. This phenomenon is known as Urban Cool

Fig. 11.5 Land surface temperature graph showing the minimum and maximum values of satellite 
calculated temperature and the general trend of increase observed for Islamabad 

Table 11.3 Tabular 
representation of the 
correlation between 
Normalized Difference 
Built-up Index (NDBI) and 
LST 

NDBI and LST correlations 

LST maximum NDBI maximum 

LST Maximum 
Sig. (2-tailed) 
N 

Correlation coefficient 1 0.999a 

0.029 

3 3 

NDBI Maximum 
Sig. (2-tailed) 
N 

Correlation coefficient 0.999a 1 

0.029 

3 3 

aCorrelation is significant at the 0.05 level (2-tailed) 
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Island (UCI) effect and is observed in many other cities around the world, typically 
in semi-arid and dry sub-humid climatic regions such as Pune, India (Gohain et al. 
2020), Hong Kong, China (Yang et al. 2017); Erbil, Iraq (Rasul et al. 2015), etc. 
The causes for this include lack of moisture and vegetation in the areas surrounding 
urban centers or in rudimentary developments. The lack of moisture availability 
to evaporate in the areas surrounding urban centers, whether they be rudimentary 
developments or agricultural lands, made them behave as hot barren fields (during 
the daytime) and evidently, more water evaporates from the urban centers (during 
the day) thus making two phenomena to play a role in defining the city’s climate at 
a time i.e., Urban Cool Island effect within an Urban Heat Island (Fig. 11.7). 

This assumption could be verified from Fig. 11.6 which shows that the areas 
with low moisture content were the areas with the highest temperatures. It was also 
evident that over the years, generally these areas where the land surface temperature 
was recorded by the satellite to be the highest, were away from the urban centers in 
the daytime and near rudimentary developments instead. Outcomes of the research 
conducted by Kumar et al. (2017) and Martins et al. (2016) corroborated these find-
ings, where Kumar et al. (2017) assessed the dominant control of agriculture and 
irrigation on the UHI effect in India. The study found a great contrast in the rural 
and urban land surface temperatures where the urban areas experienced a positive 
UHI effect. The study attributed it to moisture availability from irrigation near urban 
centers due to better irrigation practices. Martins et al. (2016) also highlighted the 
major influence of the availability of both vegetation and moisture on the mitigation 
of the urban heat island effect, notably during daytimes, in the simulations drawn 
for a new district of Toulouse, France. These research outcomes show great oppor-
tunities for supporting decision-makers on taking specific integrated actions towards 
truly sustainable neighborhoods besides creating an important urban cool island for 
the urban pedestrians during daytimes.

Limitations of the Study 

The present study was focused largely on assessing the impacts of the built envi-
ronment on the land surface temperature. It highlighted the significance of urban 
green spaces and parks for land surface temperature mitigation. However, the present 
research only considered anthropogenic and biogeophysical variables and not consid-
ered economy-related (landscape valuation) and policy-related variables (i.e. land 
use zoning, infrastructure policy) due to quantification and data availability issues. 
Therefore, it is recommended that future studies may include these factors to get more 
realistic outcomes as these factors can significantly alter the rate of urban expansion. 

Besides, the present research considered only the effect of future landscape 
changes on the land surface temperature. It is recommended that future studies should 
consider the impacts of such changes on other microclimatic variables and ecological 
amenities.
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Fig. 11.6 Correlation between spatiotemporal variation in NDBI and LST outcomes in Islamabad

Conclusion 

Given the study outcomes, it could be concluded that the haphazard expansion of 
urban areas and subsequent loss of vegetation not only poses a serious cause for 
concern in the present but also predicts a future where these negative trends lead to 
environmental unsustainability. If the LST continues to increase at this alarming 
rate, then very shortly we might see a reclassification of the climatic region of 
the federal capital. This is a serious cause of concern as it is a clear indicator of 
global warming. Furthermore, these trends of haphazard urban expansion and water 
and vegetation degradation are unlikely to change unless the government intervenes 
strongly. Without intervention, overuse of major land resources (urban vegetation) 
and subsequent land degradation may lead to an uncertain future. It is the need of the 
hour that while planning the future urban layout of Islamabad city, the construction 
of broader green belts, designated green spaces and artificial reservoirs within the 
urban center is ensured. In addition, it would also be quite beneficial if the natural 
reserves are properly conserved and all incursions in them be strictly regulated.
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Fig. 11.7 A comparison of Spatio-temporal variations in NDWI and LST for Islamabad city

Recommendations for Future Adaptations 

To address the issues highlighted above, the study recommends that future city devel-
opment plans should establish an appropriate ratio for different land use types such 
that they dedicate at least 20% of the total city area for tree canopies and open green
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spaces including green yards/roadside vegetation/shrubs that should be considered 
as a separate planning requirement. Reservation of potential green surfaces to that 
percentage of land will allow satisfactory use of local vegetation to encourage evap-
otranspiration and ensure shading as effective cooling strategies for not only public 
but also private spaces. 

Correspondingly, vegetation in all its forms is crucial to the sustainability of the 
city environment, not to mention the lack of it reduces the cooling effects provided 
by evapotranspiration and shading, and affects carbon dioxide removal. Steps should 
be taken to protect vegetation biomass, diversity, and distribution. The cutting of 
forests should be strictly regulated. 

Building roofs should be made cool by placing vegetation on them to make green 
roofs. Additionally, construction activities should be based on green technology to 
minimize damage to soil and consequently the vegetation depending on it. 

Efforts should be made to reduce current impervious surfaces made of asphalt and 
concrete since they are likely to introduce new overheating zones. At present, using 
cool paving materials is not envisaged primarily for the reason of high investment 
cost. Another recommendation in this regard is the adaptation of built form strategies, 
including altering built height, street width, and building density. However, since the 
existing roads and streets could not be modified or widened (without costing a lot of 
money), the proposed strategies could be adopted successfully for future development 
projects. 

Additionally, improvement in the awareness campaigns regarding the importance 
of maintaining urban microclimate both among the decision-makers and public by 
the researchers holds great future potential and thus to be encouraged. 

Introduction of new water conservation strategies is also recommended to maxi-
mize the urban cooling effect in city centers with water evaporation from ponds, 
fountains, and lake surfaces. 
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Chapter 12 
Mapping Multi-decadal Mangrove Forest 
Change in the Philippines: Vegetation 
Extent and Impacts of Anthropogenic 
and Climate-Related Factors 

Alvin B. Baloloy, Kayziel P. Martinez, Ariel C. Blanco, 
Margaux Elijah P. Neri, Kristina Di V. Ticman, Diana Faith Burgos, 
Jeark A. Principe, Rosalie B. Reyes, Severino G. Salmo III, 
and Kazuo Nadaoka 

Abstract There is a continuous decline of mangrove forests in the Philippines due to 
anthropogenic activities and natural disturbances. Through the years, monitoring of 
mangrove extent was done as part of the many local efforts to manage mangrove 
forests. However, existing mangrove cover estimates were generated by varied 
sources with different methodologies and classification techniques. This study aims 
to utilize a standardized method to detect multi-decadal spatio-temporal mangrove 
extent with the use of Landsat-derived Mangrove Vegetation Index (MVI) calcu-
lated in Google Earth Engine (GEE). Mangroves were mapped per region and areal 
changes were calculated from the period 2000 to 2020. A decline of 29,000 hectares 
was recorded from 2000 to 2020, observed in 12 out of the 17 Philippine adminis-
trative regions. The variations in rainfall, typhoons, sea surface height, temperature, 
and occurrence of land use/cover conversion were seen to have impacted the struc-
ture and extent of mangrove communities. Results show that higher multi-decadal 
mangrove losses were observed in regions with higher precipitation change (r = 
0.68 to 0.99), higher maximum sea surface temperature (r = 0.39), more frequent 
typhoons (r = 0.43), and those exposed to extreme heating (r = 0.47) and precipita-
tion events (r = 0.51). Areas that were least devastated by typhoons (fewer than 10 
typhoons) have recorded increased vegetation cover such as in Northern Mindanao 
(Region 10), Autonomous Region in Muslim Mindanao (ARMM), and Zamboanga
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Peninsula (Region 9). Reduction in precipitation can increase salinity which lowers 
seedling survival, growth rates, and productivity; while the impact of typhoons is 
mainly attributed to physical damages brought by strong waves and wind. Some of 
the previous mangrove areas were found to be converted to fishponds and built-up 
areas brought by the increasing demands for the economical use and development of 
land. Understanding the impacts of these natural and human-induced drivers will aid 
in formulating effective conservation and resource management measures. Further, 
the proposed standardized mapping workflow allowed detailed analysis of these 
impacts as reflected by the spatio-temporal changes in mangrove extent. 

Introduction 

There is a continuous decline of mangrove forests in the Philippines due to climate-
related factors and anthropogenic activities. The human-induced factors include 
mainly conversion to aquaculture, urban development, large scale deforestation, and 
lack of coastal protection measures. The decline of Philippine mangroves from 1950 
to 1970s was largely attributed to the conversion to fishponds, and these were well 
documented (Primavera 1995, 2000). It was only on the later part of the 1970s that the 
national government fully understood the economic and environmental importance 
of mangroves. Since then, various programs and policy initiatives were undertaken 
to recover the damages brought by land use conversion.
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Meanwhile, climate-induced factors such as climate variability were reported 
to greatly impact the species composition, adaptation to salinity, survival rate, 
and productivity of mangroves around the world (Ghosh et al. 2017). Among the 
factors that can influence mangrove forests, multiple studies highlighted the effects 
of climatic variables such as changes in temperature, rainfall variation, sea-level 
rise, frequency of typhoons, high water events, and concentration of atmospheric 
gases (Alongi 2015; Duke et al.  1998; Ghosh et al. 2017; Willard and Bernhardt 
2011). Changes in the level of these variables are associated with climate change as 
continued global warming intensifies global water cycle, monsoon precipitation, and 
the severity of extreme events (IPCC 2021). The effect of typhoons to mangroves 
is an area of interest because the country is a known gateway for tropical cyclones 
coming from the Pacific Ocean. Annually, there are around 20 tropical cyclones that 
enter the Philippine Area of Responsibility (PAR) including typhoons like Haiyan, 
one of the strongest typhoons that devastated the country in 2013 which has caused 
damage to the mangrove forests within and near its track (Buitre et al. 2019). 

The impacts of climate-related and human-induced factors to mangrove forest can 
be known by analyzing the trend or changes in the area or extent. Mangrove extent 
statistics can be compared through the use of historical and recent mangrove extent 
data. In the country, varying trends of mangrove area were observed throughout 
the decades. Larger mangrove areas were reported in earlier years between 1918 
(450,000 Ha) to 1968 (448,310) with field estimates reported by then Philippine 
Council for Agriculture, Forestry and Natural Resources Research and Development 
and L.M. Lawas, respectively. Relatively smaller yearly estimates were reported by 
the Bureau of Forest Development (now the Forest Management Bureau) from 1969 
to 1984 (295,190–233,514 Ha). From year 1990 onwards, a significant shift from 
field-based mapping to Remote Sensing-based (RS) approaches was observed in the 
Philippines, providing more rapid and less expensive approach. These includes the 
estimates of Long and Giri (2011), Long et al. (2014), NAMRIA (every 5 years), 
and Global Mangrove Watch (Bunting et al. 2018). These mangrove cover estimates 
have different levels of accuracy based on factors such as the spatial and temporal 
resolutions of the satellite images, image classification technique, and the quality 
and quantity of ground validation data. 

Despite the existing methodologies in mangrove extent mapping, a standard-
ized mangrove mapping workflow is still needed to accurately detect the impacts of 
climate and human-induced drivers to mangrove forest’s extent. For example, the 
estimates accounted for Philippine mangroves were obtained from different insti-
tutions and resources which utilized different methods, satellite data, and valida-
tion protocols. Comparing statistics among these different sources may not actually 
capture the actual trend of local areal changes. To solve this, new methodologies 
were being developed including novel methodologies for rapid extent estimation 
using mangrove indices. The Mangrove Vegetation Index (MVI) was proposed by 
Baloloy et al. (2020) to rapidly classify mangrove cover and separate the same from 
non-mangrove classes such as bare soil, built-up, terrestrial forests, grassland, clouds, 
and water. MVI measures the probability of a pixel to be a ‘mangrove’ by extracting 
the greenness and moisture information from the green, NIR, and SWIR satellite
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image bands. The range of MVI values may vary depending on factors such as land 
cover classes, climatic conditions, or tidal conditions. MVI was previously utilized 
to map the 2019 mangrove extent of the Philippines using Sentinel-2 data (Baloloy 
et al. 2020). The application of MVI for historical mapping using Landsat imagery 
offers opportunity for an accurate, long-tern analysis of mangrove trends and in 
detecting the potential contribution or effect of climate and human-induced factors 
to the decadal changes in extent. 

This study aims to utilize a satellite remote sensing method to detect multi-decadal 
spatio-temporal mangrove extent (2000–2020) in the Philippines with the use of 
Landsat-derived MVI. Decadal values of factors that may affect mangrove extent 
will be obtained, including the following variables: rainfall, sea surface temperature 
(SST), sea surface height (SSH), number of typhoons, air-sea climate exposures, and 
LULC changes. These environmental and climate-related factors will be correlated 
with the decadal mangrove statistics to determine their respective impacts. Under-
standing the effect of these drivers will aid in formulating effective conservation and 
resource management measures. 

The mangrove extent estimates calculated in this study were derived from Landsat 
data with no ground validation conducted. The mapping method adapted, however, 
was previously applied in Sentinel-2-based mangrove mapping in the Philippines 
with high accuracy results. The study period is limited between years 2000 and 2020 
only, thus discussions on pre-2000 mangrove estimates and land cover conversion 
activities were based on published references. Moreover, only major climate-related 
factors were considered in this study, selected based on their reported impacts to 
vegetation health and the availability of local data with long temporal records. The 
variables presented here are also the major climatic variables highlighted in the IPCC 
2021 report with a global concern: sea surface temperature, precipitation, sea level 
rise, and the occurrence of tropical cyclones and other extreme weather events. 

Materials and Methods 

The information needed to assess the impacts of human-induced and climate-related 
factors to mangrove extent are divided mainly of two categories. Firstly, histor-
ical mangrove extents were generated (2000–2020) as the main indicators of the 
impacts from the environmental variables. This mangrove extents were obtained 
using Remote Sensing data and techniques, with Landsat as the main satellite data 
source. Novel methodologies (e.g., MVI-based mapping) and platforms such as 
Google Earth Engine were utilized to hasten the generation of a mangrove extent 
data. The second main data needed is the collated climate-related and human induced 
factors. Among the many variables that may affect the extent and health of mangrove 
forests, significant variables were selected based on previous related studies (Alongi 
2015; Buitre et al. 2019; Duke et al.  1998; Friess et al.  2012; Ghosh et al. 2017; 
Krauss et al. 2014; Willard and Bernhardt 2011; Ximenes et al. 2016).
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Mangrove Extent Mapping 

Multi-decadal mangrove maps of the Philippines (2000, 2010, and 2020) were gener-
ated using the MVI formula implemented in GEE (Fig. 12.1). Atmospherically 
corrected Sentinel-2 images were downloaded and used to generate the MVI raster 
layers based on the identified optimal minimum threshold and a fixed maximum 
threshold of 20. MVI is a new simplified index for fast and accurate mapping of 
mangrove extent from remotely-sensed images. The Mangrove Vegetation Index 
(MVI) equation is in the form: 

MVI = (NIR − Green)/(SWIR1 − Green) (12.1) 

where NIR, Green, and SWIR1 are the near-infrared, green, and shortwave infrared-
1 reflectance values. The | NIR – Green | enhances the differences of vegetation 
greenness between mangrove pixels and other vegetation, while | SWIR1 – Green | 
captures the distinct moisture of mangrove pixels compared to non-mangrove pixels. 
In this study, the equivalent bands in Landsat 8, 7, and 5 were utilized. The example 
formula for Landsat-8 MVI (Eq. 12.2) is written as: 

Landsat-8 MVI = (B8 − B3)/(B6−B3) (12.2) 

where Bands 3, 5, and 6 are the equivalent green, NIR and SWIR1 bands in Landsat-8, 
respectively. 

Generation of MVI layer, threshold selection, and quality-checking were all imple-
mented in GEE. GEE is a powerful web-platform for cloud-based processing of 
remote sensing data on large scales, providing a variety of constantly updated data 
sets, thus no download of raw imagery is required. The study specifically utilized 
Code Editor, a web-based integrated development environment (IDE) which can be 
accessed at: https://code.earthengine.google.com. After generating the MVI layers, 
outputs were exported as a raster file for data cleaning and area calculation in 
ArcGIS™. Cleaning of noise pixels was done by overlaying the MVI raster on the 
false color composite display of Sentinel-2 image (RGB: B11-B8-B4). 

The annual mangrove map statistics was calculated per Philippine administra-
tive region as shown in Fig. 12.2. The country has a total of 17 regions, but only 
16 were used in this study excluding the Cordillera Administrative Region (CAR)

Fig. 12.1 Summary of the workflow for generating the decadal mangrove maps and statistics. More 
detailed information on MVI-based mapping was described in Baloloy et al. (2020). Here, the MVI 
was first applied to Sentinel-2 imageries to map the 2019 mangrove extent in the Philippines 

https://code.earthengine.google.com
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since the region is in higher elevation areas with no mangrove forest in its adminis-
trative boundary. Re-calculation of mangrove statistics per region was implemented 
in ArcGIS™ with the zonal statistics tool. The region shapefile was obtained from 
the National Mapping and Resource Information Authority (NAMRIA). In addition, 
decadal statistics on the nationwide constant mangrove cover, cover gain, and cover 
lost were mapped and calculated.

Climate-Related Variables 

There were five selected climate-related or climate-induced variables considered in 
this study namely annual rainfall, sea surface temperature (SST), sea surface height 
(SSH), typhoon data, and air-sea climate exposure. 

The annual rainfall data was obtained from Climate Hazards Group InfraRed 
Precipitation with Station data (CHIRPS), a 35+ year quasi-global rainfall data set. 
CHIRPS is produced at 0.05 × 0.05 degree spatial resolution. The CHIRPS dataset 
was developed on previous approaches to smart interpolation techniques and high-
resolution precipitation estimates based on infrared Cold Cloud Duration datasets 
(Funk et al. 2015). Satellite information were incorporated in the CHIRPS data in 
three ways: by producing high resolution precipitation climatologies from satellite; 
by using CCD fields to estimate monthly and pentadal precipitation anomalies; and by 
using satellite precipitation fields to estimate local distance decay functions (Funk 
et al. 2015). The CHIRPS data was utilized by significant number of studies on 
climate and rainfall trend modelling (Beck et al. 2017; Mu et al.  2021) while some 
studies were conducted to validate this dataset (Shrestha et al. 2017; Rivera et al.  
2018). The rainfall data for years 2000–2020 was downloaded and accessed from 
CHIRPS website: https://www.chc.ucsb.edu/data/chirps. 

The sea surface height dataset used are actual measurement from tide gauges in 
the country, acquired from NAMRIA and processed in text file format. One tide 
gauge station per region was selected. Correction was applied to reference the height 
data with the WGS84 ellipsoid. Meanwhile, Group for High Resolution Sea Surface 
Temperature (GHRSST) Level 4 sea surface temperature dataset was used in deter-
mining the effect of SST to the mangrove extent decadal trend. GHRSST is an analysis 
based upon nighttime GHRSST L2P skin and subskin SST observations from several 
instruments (e.g., AMSR-E, MODIS, AVHRR). This dataset was widely used as a 
validation data to other satellite-derived SSTs such as those derived from Landsat 
(Donlon et al. 2007; Jang and Park 2019). High-resolution SST analysis based on 
GHRSST SSTs have been adopted internationally by operational agencies. For this 
study, the dataset was obtained from the Physical Oceanography Distributed Archive 
Center (PODAAC) of NASA’s Jet Propulsion Laboratory: https://podaac.jpl.nasa. 
gov/. The downloaded grids are those within or nearest the tide gauges stations in 
the respective Philippine administrative regions. The available dataset is from year 
2003 to 2020.

https://www.chc.ucsb.edu/data/chirps
https://podaac.jpl.nasa.gov/
https://podaac.jpl.nasa.gov/
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Fig. 12.2 The Philippine administrative regions used as the smallest unit for mangrove extent 
comparison between regions and between decades. Administrative regions are composed of 
provinces and/or independent cities. Philippines has three main island groups: Luzon, Visayas, 
and Mindanao (lower left inset), consists of varying number of administrative regions. The climate-
related factor variables were also collated by region to facilitate comparison with the mangrove 
statistics. Analysis and presentation of results were discussed using this unit
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Typhoon track data was obtained from NOAA International Best Track Archive 
for Climate Stewardship (IBTrACS), filtered from 1999 to 2019 (Knapp et al. 2018). 
IBTrACS project is the most complete global collection of tropical cyclones avail-
able wherein recent and historical tropical cyclone data from multiple agencies were 
collated and released publicly. IBTrACS was developed through a collaboration with 
all the World Meteorological Organization (WMO) Regional Specialized Meteoro-
logical Centers around the world (Knapp et al. 2010, 2018). From this dataset, only 
typhoon track and typhoon count can be obtained; data on the typhoon strength 
or intensity are not included. The climatologies and counts are based solely on 
wind speed. For this study, the tracks were filtered using the national administra-
tive boundary and typhoon counts were calculated per administrative regions from 
year 1999 to 2019. 

Data on the Philippine air-sea climate exposures, namely, sea surface temperature 
(SST), sea surface height (SSH), and rainfall (David et al. 2015), were added as 
important variables in this study. David et al. (2015) utilized remote sensing data to 
categorize the archipelagic waters of the Philippines into distinct clusters of historical 
air-sea climate exposures. The trends and anomalies of SST, precipitation, and SSH 
were calculated within each cluster. The statistics were then compared amongst the 
clusters and against global statistics (David et al. 2015). This secondary dataset 
is a significant variable in understanding the impact of this natural air-sea climate 
exposure to the changes in our mangrove forests. 

Human-Induced Variables 

The change in specific land cover type per region is the main indicator used in 
detecting the impacts of anthropogenic activities to mangrove extent. Specifically, 
the total area of converted mangrove cover to fishponds and built-up structures were 
utilized as the anthropogenic variable metrics. 

For this analysis, the NAMRIA land cover data for years 2006 and 2015 (Fig. 12.3) 
were used. The fishponds and built-up shapefile for year 2015 were clipped with the 
2006 mangrove shapefile to identify the areas that were previously detected with 
mangrove cover.

Variable Metrics and Regression 

The five selected variables (rainfall, typhoon count, SST, SSH, and air-sea climate 
exposure) can signify different impacts to mangrove extent based on the temporal 
and spatial aggregation of their statistics. To simplify and focus the analysis, only 
significant variable metrics were utilized to later regress with the decadal mangrove 
extent data. These metrics are shown in Table 12.1.
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Fig. 12.3 The 2015 Land Cover Map of the Philippines from NAMRIA, the central mapping 
agency of the Philippine government. The 12 land cover classes were derived from Landsat-8 
images processed in e-Cognition software for image segmentation techniques
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Table 12.1 Specific metrics used for the environmental and human-induced factors. Selection of 
variables and metrics were guided by published reports on climate change and the corresponding 
impacts on mangrove forests. Availability of local and remotely-sensed data were also considered 

Environmental factors Metrics Time frame 

Rainfall (mm) Decadal total rainfall 2000–2020 

Mean annual rainfall 

Mean annual rainfall increment/region 

Mean annual rainfall increment/climate 
type 

Sea surface temperature (°C) Mean SST difference 2003–2020 

Average annual minimum SST 

Average annual max SST 

Typhoon Total typhoon count 1999–2019 

Tide gauge sea surface height (m) Sea surface height difference 2000, 
2012–2019 

Historical air-sea climate exposure Extreme heating events 1982–2008 

Extreme precipitation 1998–2009 

Precipitation changes 1998–2009 

Sea level rise 1992–2008 

Land cover conversion Mangroves area converted to built-up and 
fishponds (Ha) 

2000–2015 

The metrics were computed from the pre-processed data on rainfall, SST, SSH, 
typhoon tracks, and air-sea climate exposure. The time frame differed between the 
variables depending on the earliest and the latest available dataset. However, all data 
fall within the decal observation period which is from year 2000 to 2020. Mean 
annual rainfall was calculated by computing the decadal mean of the annual total 
rainfall within the observation period. Meanwhile, total rainfall is the decadal total 
amount of rainfall received by each region. Rainfall increment refers to the lost or 
gained values in the amount of rainfall every other year, or simply the difference in 
rainfall between succeeding years. Minimum and maximum SST were calculated 
by getting the minimum and maximum recorded daily values throughout the year, 
respectively. Mean SST difference is the difference between the earliest and the latest 
observation data on SST. SSH difference was obtained by calculating the difference 
in tide gauge-measured data for years 2019, 2012, and 2000. The metrics utilized for 
the historical air-sea climate exposures were the parameters regressed with remote 
sensing data. 

Data correlation was done through linear regression as applied to the mangrove 
extent and environmental variables. Variables such as rainfall and SST include all 
available annual data between the observation period and not only for the earliest 
(2000) and latest year (2020). For the air-sea climate exposure, the data used was



12 Mapping Multi-decadal Mangrove Forest Change in the Philippines: … 227

already processed by the primary source (David et al. 2015) and is ready for corre-
lation between the mangrove extent data. This dataset only covered the years 1992– 
2009, or half of the study period considered in this study. Thus, one limitation in 
adopting. 

This dataset for correlation with mangrove trend is the assumed linear behavior 
of the climate-related hazards after year 2009. All correlations were made between 
datasets aggregated to regional levels, while additional correlation was done between 
mangrove extent and rainfall increment per climate type. This was carried by identi-
fying first the dominant climate type category of each region and grouping all regions 
belonging to the same category. 

Decadal Mangrove Trend in the Philippines 

Maps and Statistics 

Mangrove extent maps and statistics were generated for years 2000, 2010, and 2020 
(Fig. 12.4). Varying trends were observed wherein the mangrove extent is highest in 
2000 (294,026 Ha), followed by 2020 (264,818 Ha), and lowest in 2010 (230,597 
Ha). 

By comparing maps on a national scale, only the general trend could be observed. 
There are variations on the level of extent gain or loss through data aggrega-
tion by administrative regions, which will be correlated later with the respective 
human-induced and climate-related variables. Regional statistics showed that in 
most regions, the highest mangrove areas were recorded in 2000, most declined 
in 2010, and either increased or decreased in 2020 (Fig. 12.5). Consistently higher

Fig. 12.4 Decadal mangrove extent map of the Philippines for years 2000, 2010, and 2020. Minimal 
changes can be observed graphically due to the presence of constant mangroves and those areas 
with varying trend. Similar mangrove locations can be instantly observed among the three decadal 
extents 
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Fig. 12.5 Decadal mangrove extent regional statistics of the Philippines for year 2000, 2010, and 
2020 

estimates were recorded in Region 4B (MIMAROPA), Region 8 (Eastern Visayas), 
Region 9 (Zamboanga Peninsula), and the Autonomous Region in Muslim Mindanao 
(ARMM). These regions are located in the Visayas and Mindanao islands. Few 
mangroves are located in regions within Luzon such as Region 1 (Ilocos region), 
Region 2 (Cagayan Valley), and Region 3 (Central Luzon). A decline of 29,000 
hectares was recorded from 2000 to 2020, and the declining trend was observed in 
12 out of the 17 Philippine administrative regions. From these observations, we can 
say that the general trend of the mangroves in the country is still decreasing. 

In addition to the decadal map, cover maps of the gained, loss, or retained 
mangroves were generated (Figs. 12.6 and 12.7). These maps show if the changes in 
mangrove forests took place within the same area or coverage, or if there are new areas 
where mangroves have grown or extended. Based on these maps (Figs. 12.6 and 12.7), 
mangrove cover gains were observed within or near existing mangrove areas signi-
fying expansion from its previous extent. Meanwhile, cover losses were pronounced 
only in some regions, such as Eastern Visayas and Bicol Region, where variations 
maybe attributed to the human-induced and climate-related variables being consid-
ered in this study. The distribution of retained mangrove cover (Fig. 12.7) shows  
that most mangrove forests in the county can still thrive and recover especially those 
located within dense forests such as in Palawan (in Region IV-B) and Siargao (in 
Region XIII).

The application of MVI was considered helpful in generating the mangrove extent 
maps following a standardized index-based method. Based on quality-checking 
outputs, there are aquaculture areas misclassified as mangroves in previous mangrove 
maps in the country (Long and Giri 2011). In this study, the MVI has separated 
mangroves from non-mangrove areas, although further validation activities are still
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Fig. 12.6 Nationwide mangrove cover lost (left) and cover gained from year 2000 to 2020

needed. In terms of decadal trend of mangrove extent in the Philippines from other 
references, the result of the current study is comparable with the mangrove trend 
from Global Mangrove Watch (Bunting et al. 2018) from 1996 to 2016. GMW also 
reported a general decreasing trend, although the reported mangrove loss is relatively 
lower (9,000 Ha) than the lost calculated in this study for 2000 to 2020 (29,000 Ha). 
Meanwhile, in the Long and Giri study, a decreasing trend was also observed between 
the earliest (1990) and latest (2010) estimates, with a loss of 28,172 Ha (Long and 
Giri 2011). The differences in the observation periods between among these studies 
may have affected the variations in the lost mangrove estimates, in addition to the 
differences in the satellite data and applied methodologies.
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Fig. 12.7 Nationwide 
retained mangrove cover 
from year 2000 to 2020. The 
distribution of retained 
mangroves was observed 
throughout the country, even 
to areas frequently visited by 
typhoons. This may signify 
natural resiliency and 
regrowth in mangrove 
forests, or by human-assisted 
forest recovery

Impacts of Climate Related Variables 

Effect of Rainfall on Mangrove Extent 

Rainfall in the Philippines is influenced by the northeast (NE) monsoon and southwest 
(SW) monsoon and the climate regions, which are based on monsoonal rainy seasons 
(Coronas 1920). Matsumoto et al. (2020) used the TRMM 3B42 rainfall 1998–2013 
to analyze climatological seasonal changes of rainfall in the Philippines. Results 
from this study show that rainfall in the Philippines is influenced both by the NE 
and SW monsoon. During the SW monsoon season, the west coast of the Philippines 
receives relatively higher rainfall compared with the east coast of the country. This is
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Fig. 12.8 Annual total rainfall (mm) in each Philippine region from 2000 to 2020. Most of the 
regions have similar annual trends as influenced by climatic patterns such as El Niño and La Niña 

attributable to tropical cyclone (TC) activities that can also enhance SWM rainfall. 
In addition to monsoon, rainfall distribution in the Philippines is also influenced by 
the location of the mountain systems. The mean annual rainfall of the Philippines 
varies from 965 to 4,064 mm annually (PAGASA). 

Based on CHIRPS data, the annual total rainfall was calculated as shown in 
Fig. 12.8. 

Relatively higher amounts of annual total rainfall were recorded in years 2000, 
2008, 2011, and 2017. High amounts of rainfall were received by regions 13, 8, 4B, 
10, and 11. The rainfall statistics among regions follows similar trend, especially 
during the La Niña years such as 2007–2008 and 2017–2018 wherein a significant 
increase in rainfall was observed across all regions. 

The decadal rainfall difference shows varying results among regions (Table 12.2). 
Almost all regions have lower precipitation in the later year (2020) than in year 2000. 
Highest decadal rainfall differences were calculated in regions 8, 13, 5, and 3, ranging 
from −883 mm to −1,320 mm. Only one region (region 9) recorded an increase in 
annual rainfall amount (+63 mm) after two decades.

In this study, mangrove extent data was regressed with rainfall metrics including 
decadal total rainfall, mean annual rainfall, and mean annual rainfall increment 
(Fig. 12.9).

Decadal total rainfall, mean annual increment, and mean annual rainfall show 
positive correlation with mangrove loss. Between the rainfall metrics, the mean 
annual rainfall increment gave the highest correlation (r = 0.68). This implies that 
the higher the decline in mean annual rainfall (higher variability), the higher the loss 
in mangrove area (Fig. 12.9). Changes in rainfall patterns have significant impacts
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Table 12.2 Decadal rainfall 
difference from 2000 to 2020 
calculated using CHIRPS 
data. Negative difference 
implies decreased amount of 
rainfall in 2020 compared to 
value two decades earlier 

Region Decadal rainfall difference (mm) 

R1 −873.34 

R2 −557.03 

R3 −1292.61 

R4A −676.96 

R4B −379.64 

R5 −883.32 

R6 −250.43 

R7 −284.7 

R8 −1320.57 

R9 63.83 

R10 −390.64 

R11 −753.46 

R12 −388.22 

R13 −1232.83 

NCR −951.33 

ARMM −158.11

Fig. 12.9 Correlation results between mangrove extent and rainfall variable metrics. The mean 
annual rainfall increment generated higher correlation with the mangrove extent loss data
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on mangrove growth, extent, and spatial distribution and have been suggested as 
a mechanism for the landward growth of mangroves (Gilman et al. 2008; Eslami-
Andargoli et al. 2009). Decrease in rainfall also resulted to mangrove loss in other 
countries as reported by previous studies (Ghosh et al. 2017; Eslami-Andargoli et al. 
2009). 

Reduced precipitation over an area decreases water input to groundwater and 
lesser freshwater surface water input to mangroves, thereby increasing salinity. The 
increase in soil salinity induces pore water salinity, resulting in increased tissue salt 
levels in mangrove trees, which then decreases water availability and consequently 
reduces productivity and low seedling survival (Gilman et al. 2008). Decreased 
precipitation and rise in sea levels could result in salinity and inundation stresses 
(Salmo and Juanico 2015) and changing competition between species of mangrove 
(Ellison 2000). Mangrove population located in highly saline and frequently inun-
dated sites may eventually collapse despite indicators of being healthy during the 
early stages of its development (Salmo and Juanico 2015). Meanwhile, the increase 
in precipitation is known to have a significant positive relationship with mangrove 
areas due to the landward expansion of mangrove (Eslami-Andargoli et al. 2009). 

Mangrove productivity is increased as a result of decreased pore water salinity and 
sulfate concentration due to increased precipitation (Gilman et al. 2008). However, 
this increase in growth rate as a response to increase in precipitation could be species-
specific (Krauss et al. 2014). Therefore, species that can adapt or tolerate such 
condition have competitive advantage over non-adaptive species. 

Further analysis was done by identifying first the major climate type in each 
region, and clustering together the regions with similar climate type (Fig. 12.10). 
This analysis greatly improved the correlation results as the climate types were 
mainly characterized based on the occurrence and frequency of precipitation. The 
mangrove extent data was also re-grouped based on the regions belonging to the 
same climate type.

By clustering first the regions by climate type, correlation results for all rainfall 
metrics greatly increased (Table 12.3). The mean annual rainfall increment has an 
R-value of 0.99 compared to the 0.68 R-value when rainfall metrics were aggregated 
directly by region. The correlation coefficients for mean annual and decadal total 
rainfall also increased. Among the Philippine climate types, higher mean annual 
increments and higher mangrove losses were observed in areas classified under Types 
I and II. These areas have longer and more pronounced wet season.

In the aggregated precipitation metrics by climate type, it was observed that the 
mean annual rainfall increment is significantly lower in areas under Type III, possibly 
due to the occurrence of less pronounced wet season.



234 A. B. Baloloy et al.

Fig. 12.10 The Philippine climate type map (left, Basconcillo et al. 2016) and the dominant climate 
type for each of the administrative regions. Most of the regions have other climate types aside from 
the major climate, but identification of the dominant type was necessary to group regions per climate 
category

Effect of Typhoon Frequency on Mangrove Extent 

The typhoon tracks data obtained from NOAA International Best Track Archive are 
shown in Fig. 12.11 and Table 12.4. These tracks were recorded from year 1999– 
2019.

There are relatively fewer typhoons that devastated the regions in Mindanao island 
or those regions in the southern part of the country (Fig. 12.11). Most of the typhoon 
tracks are recorded in Luzon and in the eastern portion of Philippines such as Eastern 
Visayas and Bicol Region. 

Based on the mangrove loss and typhoon data statistics, areas that were least 
devastated by typhoons (fewer than 10 typhoons, gray-shaded rows in Table 12.4) 
have recorded increased vegetation cover such as in Northern Mindanao (Region 10), 
and Zamboanga Peninsula (Region 9). Regions with greater frequency of typhoons 
have declined mangrove areas, including regions 3, 4B, 5, and 8. 

Results of linear regression (Fig. 12.12) show moderate positive correlation 
between typhoon count and mangrove loss (r = 0.43). Typhoon frequency was 
positively correlated with mangrove loss mainly due to the destructive impacts of 
typhoons such as lower mangrove productivity, canopy defoliation, uprooting of 
trees, and rapid decrease in soil elevation (Cahoon et al. 2003; Paling et al. 2008;Ward  
et al. 2016). Similar correlation results between typhoon frequency and mangrove 
structure were reported by other studies (Adame et al. 2013; Simard et al. 2019; Lin  
et al. 2020; Rovai et al. 2016).
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Table 12.3 Correlation between mangrove extent and rainfall metrics aggregated by major climate 
type. Since climate types were defined based on the amount, timing, and distribution of rainfall, 
correlating mangrove loss and rainfall with this unit generally improved the correlation results 

Climate 
Type 

Climate Type 
Description 

Mangrove 
Area 

Difference 
(ha) 

Mean 
Annual 
Rainfall 

(mm/year) 

Mean 
Annual 
Rainfall 

Increment 
(mm) 

Decadal 
Total 

Precipitation 
(mm) 

Type I 

Has two pronounced 
seasons: dry from 
November to April 
and wet throughout 
the rest of the year. 

–3082.75 2550.52 –43.71 53560.94 

Type II 

Characterized by the 
absence of a dry 
season but with a 
very pronounced 
maximum rain period 
from November to 
January 

–3898.60 3236.81 –46.71 67972.98 

Type III 

Seasons are not very 
pronounced but are 
relatively dry from 
November to April 
and wet during the 
rest of the year. 

793.50 2737.73 –10.77 57492.28 

Type IV 

Characterized by a 
more or less even 
distribution of 
rainfall 

–186.67 2574.39 –21.66 54062.16 

Mangrove Extent Difference vs 
Rainfall Variable 

Multiple r 0.51 0.99 0.51 

Typhoon-induced damages in mangrove forests are well documented in the Philip-
pines, such as studies assessing the impact of Typhoon Haiyan in 2013 (Long et al. 
2016; Buitre et al. 2019) and Typhoon Chan-hom in 2009 (Salmo et al. 2013). 
Multiple studies were conducted to monitor the changes in typhoon frequency 
and intensity in the country. DOST-PAGASA (2018) reported a slightly decreasing 
number of typhoons while a slightly increasing number of intense typhoons. Global 
reports also cited low confidence on the multi-decadal to centennial trends in the 
frequency of typhoons, while increase in the occurrence of stronger typhoons was 
certain in the past four decades (IPCC 2021). 

Effect of Sea Surface Temperature on Mangrove Extent 

The SST data for years 2003 and 2020 for selected Philippine regions are shown in 
Fig. 12.13. Higher SST values was recorded in 2020 for all regions, especially during 
the drier months of May to August. Closer SST values between the two dataset were 
recorded within the months of January and February.
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Fig. 12.11 The Philippine typhoon track from year 2009 to 2019 (Source NOAA IBTrACS). The 
occurrence of typhoons (blue lines) was heavily concentrated in Luzon and Visayas islands

Among the SST metrics, the average annual maximum SST generated the highest 
correlation with mangrove loss (r = 0.39) (Fig. 12.15). Lower correlation values 
were obtained with the mean SST difference (r = 0.22) and lowest with the average 
annual minimum SST (r = 0.11) (Fig. 12.14). The higher the annual maximum SST, 
the higher the loss in mangrove area. Each mangrove species grows within a specific 
SST threshold and exceeding this limit may result to inhibition of physiological
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Table 12.4 Number of Typhoons and the corresponding mangrove area difference per region 

REGION 
CODE 

REGION 
Mangrove 

Area 
Difference (ha) 

Number of 
Typhoons 

(1999-2019) 
R1 Ilocos Region –2784 36 
R2 Cagayan Valley –409 51 
R3 Central Luzon –5738 26 

R4A CALABARZON –1211 19 
R4B MIMAROPA –3857 36 
R5 Bicol Region –8940 28 
R6 Western Visayas 2657 25 
R7 Central Visayas –2628 20 
R8 Eastern Visayas –4007 33 
R9 Zamboanga Peninsula 2748 4 

R10 Northern Mindanao 397 9 
R11 Davao Region –1061 8 
R12 SOCCSKSARGEN 439 3 
R13 Caraga –4926 19 
NCR Metropolitan Manila 46 7 

ARMM ARMM 62 2

Fig. 12.12 Correlation between mangrove area difference and typhoon track count per region 
from 1999–2019. A positive correlation was observed between these variables due to the direct and 
non-direct impacts of extreme weather events to any vegetated land cover
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Fig. 12.13 Comparison between the Average Monthly SST (°C) in 2003 and 2020 in selected 
Philippine regions. Consistently higher monthly SST values were recorded in 2020 than 2003

functions of the plant, including the growth of propagules. High sea temperatures 
(as reflected with max SST) induced mangrove loss as mangrove survival and seed 
germination is limited within specific SST levels (Duke et al. 1998; Woodroffe and 
Grindrod 1991).

SST is a predominant variable that can regulate seedling growth of mangrove 
propagules during the dispersal stage. The success or failure of the formation of 
propagules in new lands depends essentially on SST after being transported by sea 
water. Very low values of SST may also hinder mangrove growth as it may suppress 
and lessen the growth of mangrove propagules (Ximenes et al. 2016). 

Effect of Sea Surface Height on Mangrove Extent 

The differences in SSH between the observation period were calculated and shown in 
Table 12.5. The greatest increase is plus 0.18 recorded in region 11 (Davao Region), 
while the greatest decline (0.17) was recorded in region 9 (Zamboanga Peninsula) 
with minus 0.17 in the SSH data. Most of the regions within the Luzon island have 
increased SSH values.
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Fig. 12.14 Correlation results between mangrove extent and Mean SST and Average Annual 
Minimum SST. The SST metrics gave the lowest correlation to mangrove loss among the 
climate-related factors considered in this study 

Fig. 12.15 Correlation results between mangrove extent and Average Annual Minimum SST

Sea level rise, which is regionally variable, is likely to have varied yet minimal 
impacts on mangroves locally (Ward et al. 2016). In this study, mangrove extent data 
was regressed with the difference in SSH within the administrative regions. Results 
showed a very low positive correlation (r = 0.16) between mangrove area difference 
and sea surface height difference (Fig. 12.16). Previous studies also reported very 
minimal impacts of SSH (Ward et al. 2016; Friess et al.  2012).

It was reported by previous studies that mangroves can adapt to sea-level rise if it 
occurs slowly enough. With minimal changes in sea surface level relative to mangrove 
surface, and other factors such as salinity, period, and depth of inundation will also 
remain constant, the mangrove margins and the inhabiting mangrove community 
will remain the same (Gilman 2006). Change in elevation within mangrove forests
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Table 12.5 SSH difference 
and the corresponding 
mangrove area difference per 
region 

Region Mangrove extent 
difference (ha) 

Sea surface height 
difference (m) 

R1 −2784 −0.17 

R2 −409 0.02 

R3 −5738 0.00 

R4A −1211 0.10 

R4B −3857 −0.05 

R5 −8940 −0.07 

R6 2657 −0.02 

R7 −2628 0.03 

R8 −4007 −0.10 

R9 2748 −0.17 

R10 397 −0.10 

R11 −4926 0.18 

R13 −4926 −0.04 

NCR 48 0.01

Fig. 12.16 Correlation results between mangrove extent and SSH decadal difference (m)

normally occurs at very slow rates which leads to directional changes over long time 
periods (Krauss et al. 2014). The two-decade observation in this study may not be 
long enough to capture these changes in sea surface heights. In comparison, the 
global mean sea level increase between 1901 and 2018 is 20 m, with an average 
increase rate of 3.7 mm yr−1 between 2006 and 2018 (IPCC 2021). 

To persist, mangrove ecosystems must adapt to rising sea level by growing verti-
cally through vertical accretion or deposition on the soil surface. Previous studies 
show that during periods of slower historical rise, mangrove soils were able to adapt
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to sea-level rise by building vertically through sediment deposition and peat forma-
tion, and mangrove forests expanded in many locations (Krauss et al. 2014; McKee 
et al. 2007; Willard and Bernhardt 2011). 

Effect of Historical Air-Sea Climate Exposure on Mangrove Extent 

The Philippines is vulnerable to the ill-effects of climate change due to its extreme 
exposure to increasing ocean temperature, extreme rainfall events and sea level rise. 
Such extreme conditions can also have a negative effect on the coastal habitats such 
as mangroves, seagrasses and corals (David et al. 2015; Lovelock et al. 2015). The 
study of David et al. (2015) provided the different levels of exposure to these variables 
as a significant input to national vulnerability assessments. 

The mangrove extent data was regressed with the level of relative exposure 
per climatic variable which include increasing ocean temperature, extreme heating 
events, extreme precipitation, rainfall changes, and sea level rise. The level of 
exposure varies among the regions and among the climatic variables (Table 12.6). 

Table 12.6 Relative exposure level and the corresponding mangrove area difference per region. A 
value of 1 implies lower level of exposure while 5 implies higher level of exposure to each of the 
climatic variables below 

Level of relative exposure per climatic variable (Highest: 5) 

Region Mangrove 
area 
difference 

Increasing 
ocean 
temperature 

Extreme 
heating 
events 

Extreme 
precipitation 

Rainfall 
changes 

Sea level 
rise 

R1 −2784 3 5 5 5 5 

R2 −409 3 5 2 3 4 

R3 −5738 3 5 2 3 4 

R4A −1211 2 4 1 5 5 

R4B −3857 2 4 1 5 5 

R5 −8940 3 4 4 4 4 

R6 2657 3 3 1 3 5 

R7 −2628 3 3 1 3 5 

R8 −4007 5 4 4 3 4 

R9 2748 3 3 1 3 5 

R10 397 5 4 4 3 4 

R11 −1061 5 4 3 1 5 

R12 439 3 3 1 3 5 

R13 −4926 5 4 4 3 4 

NCR 48 2 4 1 5 5 

ARMM 62 3 3 1 3 5
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Table 12.7 Selected climatic 
variables and the correlation 
results with mangrove loss. 
Regions with higher relative 
exposures recorded higher 
mangrove area loss, 
especially those exposed to 
extreme heating events, 
extreme rainfall, and 
occurrence of sea level rise 

Historical climatic variable Multiple R 

Increasing ocean temperature 0.1 

Extreme heating events 0.47 

Extreme rainfall 0.51 

Rainfall changes 0.19 

Sea level rise 0.54 

Fig. 12.17 Correlation of climate-related variables with mangrove extent loss (2020–2000) 

Losses in mangrove covers were observed in regions with high exposure to 
extreme precipitation (r = 0.51), extreme heating (r = 0.47), and sea level rise 
(r = 0.54) (Table 12.7). 

The summary of correlation between the climate-related variable and mangrove 
loss is shown in Fig. 12.17. Numbers highlighted in blue are variables with relatively 
higher correlation results. 

Impacts of Human-Induced Variables 

Mangrove Forest Conversion to Built-Up 

A total of 200 Ha of mangroves were converted to built-up from years 2000 to 2020 
(Table 12.8). This is only 0.1% of the total decadal mangrove loss (29,208 Ha). The 
highest area converted to built-up was recorded in region 7 (62 Ha).

Mangrove Forest Conversion to Fishponds 

A total of 1,409 Ha of mangroves were converted to fishponds from years 2000 to 
2020 (Table 12.9). This is less than 1% of the total decadal mangrove loss (29,208 Ha). 
Highest percentage of converted area to fishponds was recorded in regions 10 and 12 
(8.5%). It must be noted that in the Philippines, mangrove conversion to fishponds 
largely took place in 1951–1988 (Friess et al. 2019; Primavera 1995) in which the 
rate of fishpond expansion after this period is lower based on NAMRIA data. Less
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Table 12.8 Mangrove area converted to built-up cover in each Philippine region 

NAMRIA LAND COVER DATA 
REGION 

CODE 
REGION Mangrove Area (ha) 

Converted to Built-up 
% Converted Area 

R1 Ilocos Region No mangroves detected in 2006 NAMRIA LC 
R2 Cagayan Valley 6.26 0.59 
R3 Central Luzon No intersection 

R4A CALABARZON 0.49 0.01 
R4B MIMAROPA 36.69 0.14 
R5 Bicol Region 6.69 0.04 
R6 Western Visayas 8.58 0.10 
R7 Central Visayas 62.58 0.67 
R8 Eastern Visayas 23.24 0.09 
R9 Zamboanga 

Peninsula 
4.39 0.04 

R10 Northern Mindanao 6.49 0.26 
R11 Davao Region 0.15 0.01 
R12 SOCCSKSARGEN 0.53 0.13 
R13 Caraga 41.87 0.40 
NCR Metropolitan 

Manila 
No mangroves detected in 2006 NAMRIA LC 

ARMM ARMM 2.00 0.03 
TOTAL  199.96 0.14 

mangrove cover lost from fishpond conversion were also reported by NAMRIA 
between 2006 and 2015, with an area that is only 7% of the total converted areas prior 
to 2006. Declining rates of loss may be attributed to already reduced cover, improved 
data quality, and to national and international conservation policies (Primavera 1995, 
2000). Further improvement and longer analysis of aquaculture maps can provide 
more coherent results.

The highest built-up area conversion from mangroves was recorded in Central 
Visayas (63 Ha) and lowest in Davao region (0.15 Ha). Meanwhile, the highest 
fishpond area conversion from mangroves was recorded in Zamboanga Peninsula 
(330 Ha) and lowest in Davao region (2.8 Ha). Limitations in the resolution of 
satellite images used have resulted to some regions with no reported mangroves like 
Metro Manila and Ilocos Region, specifically on the 2006 land cover data. 

Conclusions 

To understand the impacts of human-induced and climatic variables on mangroves, 
relationship between these factors must be identified both in the temporal and spatial 
scales. In this study, decadal mangrove extent was the metric used in describing the 
potential impact of selected human and climate-related variables on the mangrove
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Table 12.9 Mangrove area converted to fishponds cover in each Philippine region 

NAMRIA LAND COVER DATA 
REGION 

CODE 
REGION Mangrove Area (ha) 

Converted to 
Fishponds 

% Converted Area 

R1 Ilocos Region No mangroves detected in 2006 NAMRIA LC 
R2 Cagayan Valley 4.05 0.38 
R3 Central Luzon 48.46 0.73 

R4A CALABARZON 73.23 0.84 
R4B MIMAROPA 158.33 0.59 
R5 Bicol Region 72.51 0.45 
R6 Western Visayas 86.64 1.02 
R7 Central Visayas 151.14 1.61 
R8 Eastern Visayas 151.42 0.62 
R9 Zamboanga 

Peninsula 
330.47 3.21 

R10 Northern Mindanao 212.83 8.52 
R11 Davao Region 2.83 0.10 
R12 SOCCSKSARGEN 34.75 8.47 
R13 Caraga 82.52 0.78 
NCR Metropolitan 

Manila 
No mangroves detected in 2006 NAMRIA LC 

ARMM ARMM No intersection 
TOTAL  1409.19 1.01 

forests in the Philippines. Multi-decadal mangrove extent maps were generated with 
the use of Landsat-derived Mangrove Vegetation Index layers. Although there are 
already existing historical estimates of mangrove area, a standardized index-based 
mapping workflow is needed in reliably detecting actual changes on the ground. 
An overall trend of decreasing mangrove extent was observed in the Philippines 
from 2000 to 2020 with the annual losses surpassing the annual gains. The extent of 
vegetation gain and loss varies per region, and this was associated with the variables 
considered in this study. 

Variations in the climate-related variables have all impacted the extent of 
mangrove communities. Linear regression results highlight significant relationships 
between major climate variables and the decadal extent of mangrove forests. Among 
these variables, the mean annual rainfall increment, annual max SST, and number 
of typhoons have the greatest correlation and thus considered as the main drivers of 
decadal mangrove loss in the country. This observation agrees with previous studies 
on the correlation of mangrove forest statistics with rainfall variability, maximum 
SST, and typhoon frequency. In addition, historical exposures to sea level rise and 
extreme heating and precipitation events were positively correlated with the decline 
in mangrove areas. The level of correlation of climatic variables with mangrove loss 
also varies per region and per climate type.
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There is a minimal percentage of mangroves that were converted to built-up and 
fishpond areas during the period considered. Around 1% of the total mangroves were 
converted to fishponds. Less mangroves loss from fishpond conversion were also 
reported by NAMRIA between 2006 and 2015. Most of the mangrove-to-fishpond 
conversion in the country took place a long time before the period used in this study 
(1950s to 1970s). After the said period, land use conversion still took place but is 
now controlled and limited due to the strict regulations and continuous monitoring 
of concerned Philippine agencies. 

This study highlighted the vulnerability of Philippine mangrove forests to natural 
and climate-related factors. Results of this study provide valuable information to 
better manage and protect mangrove forests especially those located in areas that are 
frequently visited by typhoons, with declining annual rainfall, and areas exposed 
to maximum temperature during the dry months. Identifying the main threat to 
mangrove per region will also help in selecting effective region-specific interventions. 

Recommendations

. The results of this study can be utilized in drawing site-specific intervention to 
the local threats on mangroves. For instance, stronger naturally growing frontline

. mangrove species must be selected whenever there are replanting activities within 
regions frequently visited by typhoons. Species that are more tolerant to increasing 
sea temperatures must be selected within regions having high SSTs. Further, the 
methodologies used in this study can be applied to provincial level for a more 
spatially detailed analysis.

. Improvement and continuation of effective mangrove management and moni-
toring strategies and programs, including regulation of mangrove to fishpond 
conversion.

. Capacity-building of local government officials on the use of MVI and other 
remote sensing data for rapid and accurate monitoring of mangrove forest.

. Dissemination of information to the target community on the importance and 
vulnerability of mangroves, and the steps to protect and conserve these resources.

. This study assessed the impacts of climatic variable using selected metrics only. 
There are other potential metrics that can be included in further studies such as 
land subsidence and typhoon intensity. For human-induced metrics, historical data 
on aquaculture conversion is needed to capture more extended observations.
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Chapter 13 
Anthropogenic Climate Change 
in the Mangrove-Dominated Indian 
Sundarbans: Spatio-temporal Analyses, 
Future Trends, and Recommendations 
for Mitigation and Adaptation 

Sangita Agarwal , Pritam Mukherjee , Mourani Sinha , 
Johannes M. Luetz , and Abhijit Mitra 

Abstract Anthropogenic climate change is among the most defining challenges 
confronting the current era, with impacts already affecting both the health of the envi-
ronment and the functioning of virtually every sector of society. In the present study, 
four environmental indicators were used as proxies to analyse the footprints of climate 
change in the mangrove-dominated deltaic region of the Indian Sundarbans, namely 
surface air temperature, near-surface atmospheric carbon dioxide (CO2), surface 
water salinity, and surface water pH. The study grouped the mangrove ecosystem 
into three distinct zones (western, central, and eastern sectors) and analysed 37 years 
of data (1984–2020). The results indicate that although both air temperature and 
atmospheric CO2 concentrations have risen uniformly in all three sectors of the 
study area, increases in aquatic salinity have not been uniform. While the western 
and eastern parts of the Indian Sundarbans exhibited a lowering of salinity, the
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central region displayed a gradual increase in aquatic salinity. These differences may 
be explained by divergent dilution factors and siltation-linked freshwater obstruc-
tions. Aquatic pH has decreased uniformly in all three sectors of the present study 
area. Two-way analysis of variance (ANOVA) reflects a distinctive climate change 
signal influencing all four primary environmental parameters. Additionally, artificial 
intelligence (AI) technology was employed to evaluate future aspects of these envi-
ronmental variables using nonlinear autoregressive (NAR) networks. In synthesis, 
the climate change signal in the Indian Sundarbans region is mixed with “noise” 
that can be linked to other human inputs, including urbanisation, industrialisation, 
and changes in land-use patterns (shrimp culture, tourism), among others. Notably, 
an alarming situation is predicted to occur around the middle of the century. The 
study recommends the implementation of both mitigative and adaptive measures to 
counteract the adverse impacts of anthropogenic climate change. Recommendations 
encompass low-carbon alternative livelihoods, mangrove plantations, and rainwater 
harvesting, among others. 

Introduction 

Climate change can be broadly categorised into natural and anthropogenic causes. 
The natural factors may include volcanic activity, forest fires, continental drift over 
long timescales, astronomical events, and variations in solar energy output due to 
magnetic storms in the sun. The anthropogenic factors are linked to human activities 
that began with the advent of the industrial revolution and introduced sweeping 
changes to the environment (Mitra 2013). Sustained human-induced changes to 
nature have dramatically increased concentrations of carbon dioxide (CO2) and other 
greenhouse gases (GHGs) in the atmosphere, thus amplifying the Earth’s natural 
greenhouse effect (Hansen et al. 2006; Leal Filho et al. 2021a). Based on several 
years of Intergovernmental Panel on Climate Change (IPCC) assessment reports, 
one of the most important effects of climate change is the significant rise in global 
mean surface temperatures over the last 50 years (IPCC 2001, 2007, 2022). Signifi-
cantly, climate change has been accelerating over recent decades, with global average 
temperatures rising by about 0.2 °C per decade since 1975 (Hansen et al. 2006; 
IPCC 2022). Globally, temperatures have already increased by more than 1 °C since 
1850, and climatologists have warned of significant further warming this century by 
1.1–6.4 °C (Majra and Gur 2009; IPCC  2022). 

Coastal and estuarine regions are vulnerable to climate change because of 
increases in surface water temperature, unnatural depressions and erratic weather 
phenomena, cyclonic storms, sea-level rises, and concomitant seawater intrusions. 
The progressive degradation of “blue carbon” ecosystems over recent decades has 
increased CO2 concentrations at the local level (Mitra 2013; Mitra and Zaman 2014, 
2015, 2016; Agarwal et al. 2016; Mitra and Sundaresan 2016; Pal et al. 2016; Zaman 
et al. 2016; Mitra et al. 2017).
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“Blue carbon” refers to the stored carbon reservoir in the marine and estuarine 
systems comprising sediment, water, and coastal vegetations, including mangroves, 
salt marshes, seaweeds, seagrass meadows, and several other halophytes, which 
sequester and store more carbon per unit area than terrestrial forests. The ability 
of these blue carbon reserves to remove CO2 from the atmosphere makes them 
important net carbon sinks and effective natural environmental safeguards. In addi-
tion, these ecosystems provide essential benefits for climate change adaptation for 
coastal communities in the Bay of Bengal and beyond, including in areas of coastal 
protection and food security, among others (Luetz 2008, 2018; Mitra 2020). Degra-
dation or destruction of these vital carbon sinks through human activities (directly or 
indirectly) and natural events (cyclones, storm surges, wave actions, etc.) causes the 
release of the stored carbon from the soil and water and results in the emissions of 
CO2 back to the atmosphere, thus contributing to climate change. Dedicated conser-
vation, restoration, and remediation efforts can make these ecosystems long-lasting 
carbon sinks by ensuring that no new CO2 emissions arise from their degradation 
and loss while at the same time enabling new carbon sequestration to occur through 
restoring previous carbon-rich brackish water, coastal, and marine habitats.1 

The Sundarbans mangrove forest is known for its rich gene pool, which sustains 
some 34 species of true mangroves and other mangrove associate species. The 
blue carbon community of the Indian Sundarban ecosystem includes both salt 
marshes (dominated by Porteresia coarctata) and mangroves (Mitra and Zaman 
2015). Mangroves are halophytic (salt-tolerant) floral plants that experience inunda-
tion and exposure twice a day during high and low tides; therefore, they are unique 
in comparison to the normal terrestrial flora. They provide a variety of essential 
ecosystem services. Besides acting as a powerful carbon sink (Fig. 13.1), mangroves 
prevent soil erosion, serve as a buffer against cyclonic storms and wave actions, 
provide nursery beds for fishes, crabs, oysters, etc., and offer habitat for a plethora of 
species and biotic communities, including microbes (Chakraborty and Choudhury 
1985; Mitra and Choudhury 1993). In addition, mangroves are known to bioaccu-
mulate toxic heavy metals in their body tissues and thus act as a critical player in 
phytoremediation (Mitra 2020; Mitra et al. 1987, 1992; Saha et al. 1999). Finally, 
mangroves are noted for their disaster mitigating propensities (Luetz 2008; Menéndez 
et al. 2020), and there is a case to promote their conservation towards better disaster 
preparedness, resilience, and risk reduction through mainstreaming locally relevant 
disaster risk education (Luetz 2008, 2020; Luetz and Sultana 2019).

Notwithstanding the manifold benefits of mangroves, rapid urbanisation, and 
industrialisation in and around the city of Kolkata, Howrah, and Haldia, along with 
increased salinity, are progressively posing threats to the overall biodiversity in the 
Indian Sundarban region. The name “Sundarbans” originates from the once-dominant 
mangrove plant “Sundari” (Heritiera fomes), which is presently on the verge of 
extinction in the hypersaline pockets of the Indian Sundarbans owing chiefly to rises 
in sea level and concomitant increases in soil salinity. Inundation of land during high 
tides with saline seawater and seawater ingress through drains, creeks, and rivers

1 https://www.iucn.org/resources/issues-briefs/blue-carbon. 

https://www.iucn.org/resources/issues-briefs/blue-carbon


252 S. Agarwal et al.

F
ig
. 1
3.
1 

Il
lu
st
ra
tio

n 
of
 m

an
gr
ov
e 
ve
ge
ta
tio

n 
as
 a
 s
ig
ni
fic
an
t c
ar
bo
n 
si
nk



13 Anthropogenic Climate Change in the Mangrove-Dominated Indian … 253

cause salinisation of the estuarine soils. Throughout the deltaic Sundarban region, 
shrimp farms and mangrove-based tourism are meaningful livelihoods on a regional 
scale. In spite of these benefits, the forests have come under significant pressure from 
human activities and can no longer serve as a substantial carbon sink. Furthermore, 
the multiplication and modernisation of ports and harbours in coastal zones and river 
mouths (estuaries) have put additional pressure on blue carbon ecosystems, mainly 
mangroves (Banerjee et al. 2002, 2003, 2013). 

Against this background, this chapter explores the trend of surface air temper-
atures, near-surface atmospheric CO2 concentrations, surface water salinity, and 
surface water pH in the mangrove-dominated deltaic region of the Indian Sundarbans. 
To this end, the present research analysed 37 years of data (1984–2020) across three 
distinct zones, namely the western, central, and eastern sectors. In addition, it used a 
nonlinear autoregressive (NAR) model and artificial intelligence (AI) technology to 
forecast dominant trends for these four environmental indicators until the year 2050. 
Recommendations for climate change mitigation and adaptation are also proposed. 

Research Rationale 

The Indian Sundarban region has been experiencing considerable population pres-
sure, with currently 4.4 million people inhabiting an area of 9,630 sq. km. Moreover, 
rapid urbanisation, increased fishing activities, and the proliferation of shrimp farms, 
brick kilns, fish landing stations, and tourism units have combined with increases in 
salinity in the region to put additional pressure on mangroves (Fig. 13.2). This situ-
ation makes it beneficial to better understand how the interplay of human activities 
and climate change impacts this unique environment.

Aims and Objectives of This Study 

To generate and synthesise new knowledge, this study monitored the footprints of 
climate change using the following environmental indicators: 

a. Surface air temperature 
b. Near-surface atmospheric CO2 levels 
c. Surface water salinity 
d. Surface water pH. 

To do so, it queried and analysed 37 years of data from a database (1984–2020). This 
data is used as baseline information in this chapter.
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Fig. 13.2 Responsible anthropogenic factors for the temporal changes in the mangrove vegetation 
of Indian Sundarbans. “S” represents Sagar Island (336 sq. km), the largest island in the Indian 
Sundarban region. In this article, it serves as a symbolic representation that highlights the significant 
temporal variations affecting this blue carbon study site. Modified after Ghosh et al. (2015) (Draft 
and cartography S., Schmidt, T., Fickert, A., Ghosh & M., Nüsser. Sources 1. Maps Rennell (1780), 
Statistical Account of Bengal (1875). 2. Satellite Images Corona 1968/02/06, Landsat 5 1989/01/19, 
Landsat 7 2001/01/04, Landsat 8 2014/03/05 [USGS])

Materials and Methods 

Selection of the Study Sites 

The Indian Sundarban deltaic region covers 9,630 sq. km of territory and comprises 
104 islands. Three sampling stations were identified for data collection, one in each 
of the three sectors, namely the western, central, and eastern sectors (Table 13.1 and 
Fig. 13.3). These three sectors of the Indian Sundarbans were demarcated based on 
a secondary data bank on surface water salinity (Mitra et al. 2009a, b, 2015; Mitra 
2013; Sengupta et al. 2013; Mitra and Zaman 2021). The selected stations [Kakdwip 
(Stn. 1) (21° 52' 22.68'' N; 88° 11' 58.61'' E), Canning (Stn. 2) (22° 19' 03.20'' N; 
88° 41' 04.43'' E), and Chandkhali (Stn. 3) (21° 51' 13.59'' N; 89° 00' 44.68'' E)] 
are considered in this study as the representatives of the three sectors of the Indian 
Sundarbans (Table 13.1; Fig.  13.3). The map showing the location of the selected 
sites is presented in Fig. 13.3. The main reasons for the selection of these sampling
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stations are based on observations that reflect significant variations in respect of (1) 
anthropogenic influences, (2) aquatic salinity, and (3) density and distribution of 
mangroves (Table 13.1). 

Table 13.1 List of selected sampling sites in the study area along with their geographical 
coordinates and major drivers 

Sector Degree of 
aquatic 
salinity 

Station 
name and 
number 

Geographical 
coordinates 

Major drivers 

Fish 
landing 

Tourism Brick 
kilns 

Shrimp 
farming 

Mangrove 
vegetations 

Western Hyposaline Kakdwip 
(Stn. 1) 

21° 52'
22.68'' N; 
88° 11'
58.61'' E 

+++ +++ +++ +++ + 

Central Hypersaline Canning 
(Stn. 2) 

22° 19'
03.20'' N; 
88° 41'
04.43'' E 

++ ++ + ++ + 

Eastern Hyposaline Chandkhali 
(Stn. 3) 

21° 51'
13.59'' N; 
89° 00'
44.68'' E 

– + – – +++ 

Activities with the highest magnitude (+++); activities with moderate magnitude (++); activities with the 
lowest magnitude (+); absence of any activities (–); “Stn.” denotes a station 

Fig. 13.3 Satellite map of the study area. Location of sector-wise sampling stations in Indian 
Sundarbans; the dark green-coloured clustered patch indicates the mangrove vegetation. Stn. 1 
reflects Kakdwip [in the hyposaline western (W) sector], Stn. 2 reflects Canning [in the hypersaline 
central (C) sector], and Stn. 3 reflects Chandkhali [in the hyposaline eastern (E) sector]. “N” denotes 
north (direction). The map was created using the online Map Maker software (https://maps.co/gis/) 
(© 2021 Google)

https://maps.co/gis/
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Environmental Parameter Analyses in Selected Stations 

Analyses of the environmental parameters were carried out at the selected Indian 
Sundarban stations, as detailed below. The data collections were performed every 
year (1984–2020) in three fixed months, namely during May (pre-monsoon; summer 
season), September (monsoon; rainy season), and December (post-monsoon; winter 
season). The data presented in this study reflect the mean of three seasons for every 
year for every sampling station. It should also be noted that both data collection and 
analytical methods did not change from 1984 to 2020. 

Analysis of Surface Air Temperature 

The surface air temperature (in °C) was analysed using a sensor-based thermometer. 
The readings were taken from ten different sampling spots (10 m apart) for each 
sampling station, and the average values of ten readings were considered for further 
interpretation. 

Analysis of Near-Surface Atmospheric Carbon Dioxide 

CO2 concentrations (in ppm) were measured at 18 m above ground at Kakdwip 
(western sector), Canning (central sector), and Chandkhali (eastern sector) with a 
non-dispersive infra-red (NDIR) detector or gas analyser (LI6262, LI-COR Inc., 
USA). An instrument with an air intake system was installed at 1 m above the roof of 
the experimental building. A diaphragm pump was used for drawing the ambient air 
through a ¼ inch Teflon tube at a rate of 10 l min−1, with maximum air being vented. 
The water vapor was removed from the drawn air sample. Then, the dry sampled 
air was introduced into the NDIR analyser’s sample cell, and the output voltage of 
the gas analyser was integrated at an interval of five minutes. The NDIR analyser 
was calibrated at every four-hour interval by successively inserting (injecting) four 
calibrated working gases (340, 380, 410, and 450 ppm CO2 in dry air) into the gas 
analyser’s cell for five minutes each.
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Analysis of Surface Water Salinity 

The surface water salinity (in psu) was measured using an optical refractometer 
(Atago, Japan) and cross-checked in the laboratory following Mohr-Knudsen’s 
method (Strickland and Parsons 1972). The correction factor was determined by 
titrating a silver nitrate (AgNO3) solution against International Standard Sea Water 
(I.A.P.S.O. Standard Sea Water Service, Charlottenlund Slot, Denmark; chlorinity 
= 19.376‰). Real-time data through field sampling were simultaneously collected 
from 1984 to 2020 from the three selected sites in the lower Gangetic region during 
high tide conditions. For each site, at least 30 samplings were done at a distance 
of 500 m from each other, and then the average of 30 readings was considered for 
further statistical analyses. 

Analysis of Surface Water pH 

The systematic sampling to determine the surface water pH in the estuarine waters of 
the three Indian Sundarban sectors was done during the high tide period in the three 
selected stations for 37 consecutive years (1984–2020). A portable pH meter (Model 
BST-BT65; sensitivity = ±0.01) was used to measure the pH of the surface water. 
Twenty-five readings were noted from each station, and their average was considered 
for further statistical interpretations. 

Predicting Environmental Parameter Trends 

The NAR model is a basic form of AI technology that can predict the overall trend 
of an environmental parameter using time-series data (Chow and Leung 1996). In 
this study, the NAR model was used for the time-series prediction or forecasting 
of the four environmental indicators mentioned earlier as described in Bhattacharya 
and Sinha 2021. It consists of an input layer, hidden layers (where the algorithm 
is trained), and an output layer. The general architecture of a representative neural 
network training is highlighted in Fig. 13.4. For the present study, a data bank of 
35 years (1984–2018) was used to train the model. In contrast, the data sets from 
2019 and 2020 were used to validate the trained model. The NAR model was used to 
forecast the data until the year 2050; this futuristic approach was adopted to envisage 
appropriate adaptive and mitigative measures for climate change.

Statistical Analyses 

Two-way analysis of variance (ANOVA) was employed to assess variations in air 
temperature, atmospheric CO2, aquatic salinity, and aquatic pH across the three
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Fig. 13.4 Time-series prediction of the environmental indicators using a discrete, nonlinear autore-
gressive (NAR) model. a Illustration of a basic neural network, which mimics the neural network 
of a human brain and comprises an input layer, one or more hidden layers (where the algorithm is 
trained), and an output layer. b Representative screenshot of the “Neural Network Time Series” app 
for evaluating the trend of air temperature, atmospheric carbon dioxide (CO2), aquatic salinity, and 
aquatic pH in the three Indian Sundarban sectors. The NAR model was used to predict trends until 
2050 to support effective mitigation and adaptation measures

sectors and years; a p-value of <0.001 was considered significant. Correlation coef-
ficients (r values) were determined to elucidate the interrelationships between the 
environmental parameters investigated in the study area. GraphPad Prism version 
9.2.0 (283) (San Diego, California, USA) and Microsoft Excel were used to prepare 
the linear graphs. The scatter plots were made in Microsoft Excel with linear regres-
sion lines, and R-squared values were calculated for each plot to evaluate the linearity 
of the respective trend lines and their significance. SPSS version 21.0 (for Windows) 
(SPSS Inc., USA) was used for the statistical analyses. 

Results 

Data Analyses of Environmental Indicators and Emergent 
Trends 

Surface Air Temperature 

In the present study, the range of surface air temperature varies from 32.30 °C to 
36.40 °C in the western sector, 32.10 °C to 36.20 °C in the central sector, and 32.20 °C 
to 35.70 °C in the eastern sector, as shown in Fig. 13.5. It is observed that the surface 
air temperature increases over time, irrespective of the sectors. A sudden increase 
and drop in surface air temperature can be observed in 2009 and 2020, respectively, 
for all three stations considered in this study.

Relatedly, the overall mean air temperature in the western, central, and eastern 
sectors are given to be 33.74 °C, 33.40 °C, and 33.44 °C, respectively, showing the 
highest value in the western sector compared to the central and eastern sectors of the
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Fig. 13.5 Spatio-temporal variations in surface air temperature in the three Indian Sundarban 
sampling stations. a Sector-wise linear plot where each closed circle (blue, green, and red) repre-
sents the mean value of three seasons [pre-monsoon (summer season), monsoon (rainy season), and 
post-monsoon (winter season)] for every year for each sampling station. b Scatter plot with linear 
regression lines showing linearity of the trend lines
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Indian Sundarbans. This dissimilarity may be attributed to the presence of numerous 
industries along the bank of the Hooghly estuary in the western sector of the study 
area (Mukhopadhyay et al. 2006). 

Near-Surface Atmospheric Carbon Dioxide 

It is observed that near-surface atmospheric CO2 concentrations have increased from 
348.38 to 414.97 ppm, 345.07 to 406.22 ppm, and 342.87 to 400.93 ppm in the 
western, central, and eastern sectors, respectively, as shown in Fig. 13.6. A sudden 
decrease in near-surface atmospheric CO2 was observed in 2020 for all three stations. 
The overall mean atmospheric CO2 levels in the western, central, and eastern sectors 
are 379.58 ppm, 374.90 ppm, and 372.17 ppm, respectively.

Surface Water Salinity 

It is observed that surface water salinity has decreased from 11.65 psu to 3.27 psu in 
the western sector, increased from 20.02 psu to 26.86 psu in the central sector, and 
decreased from 19.41 psu to 9.12 psu in the eastern sector, as shown in Fig. 13.7. A  
sudden increase in surface water salinity was observed in 2009 for all three stations. 
The overall mean aquatic salinity in the western, central, and eastern sectors are 7.38 
psu, 22.64 psu, and 15.91 psu, respectively, with the highest value in the central 
sector, followed by the eastern and western sectors.

Surface Water pH 

The spatio-temporal variations of surface water pH in the three selected stations 
are presented in Fig. 13.8. A trend of decreasing surface water pH can be observed 
in all three stations until the year 2019. In 2009 and 2020, a sudden increase in 
aquatic pH values was observed for all three stations. The surface water pH ranges 
from 8.26 to 8.10, 8.34 to 8.24, and 8.30 to 8.20 in the western, central, and eastern 
sectors, respectively. The decline in aquatic pH values is more pronounced in the 
western sector (overall mean = 8.22), followed by the eastern sector (overall mean 
= 8.26) and central sector (overall mean = 8.31). The ANOVA result also confirms 
the spatio-temporal variation in pH values (Table 13.2 in the following section).

Analysis of Variance Showing Spatio-temporal Variations 

Considerable variations are observed in the ANOVA results of all the environmental 
parameters between sectors (except for air temperature) and between years (except 
for aquatic salinity), as shown in Table 13.2.



13 Anthropogenic Climate Change in the Mangrove-Dominated Indian … 261

y = 1.775x - 3174.1 
R² = 0.9745 

y = 1.7325x - 3093.5 
R² = 0.9844 

y = 1.6484x - 2927.8 
R² = 0.9346 

320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 

19
84

 
19

86
 
19

88
 
19

90
 
19

92
 
19

94
 
19

96
 
19

98
 
20

00
 
20

02
 
20

04
 
20

06
 
20

08
 
20

10
 
20

12
 
20

14
 
20

16
 
20

18
 
20

20
 

Western Central Eastern 
Linear (Western) Linear (Central) Linear (Eastern) 

19
84

 
19

85
 

19
86

 
19

87
 

19
88

 
19

89
 

19
90

 
19

91
 

19
92

 
19

93
 

19
94

 
19

95
 

19
96

 
19

97
 

19
98

 
19

99
 

20
00

 
20

01
 

20
02

 
20

03
 

20
04

 
20

05
 

20
06

 
20

07
 

20
08

 
20

09
 

20
10

 
20

11
 

20
12

 
20

13
 

20
14

 
20

15
 

20
16

 
20

17
 

20
18

 
20

19
 

20
20

 
320 

330 

340 

350 

360 

370 

380 

390 

400 

410 

420 

Time (years) 

At
m

os
ph

er
ic

 C
O

2 (
pp

m
) 

Western (Kakdwip) 
Central (Canning) 
Eastern (Chandkhali) 

At
m

os
ph

er
ic

 C
O

2 (
pp

m
)

a 

b 

Fig. 13.6 Spatio-temporal variations in near-surface atmospheric carbon dioxide concentrations in 
the three Indian Sundarban sampling stations. a Sector-wise linear plot where each closed circle 
(blue, green, and red) represents the mean value of three seasons [pre-monsoon (summer season), 
monsoon (rainy season), and post-monsoon (winter season)] for every year for each sampling 
station. b Scatter plot with linear regression lines showing linearity of the trend lines
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Fig. 13.7 Spatio-temporal variations in surface water salinity in the three Indian Sundarban 
sampling stations. a Sector-wise linear plot where each closed circle (blue, green, and red) repre-
sents the mean value of three seasons [pre-monsoon (summer season), monsoon (rainy season), and 
post-monsoon (winter season)] for every year for each sampling station. b Scatter plots with linear 
regression lines showing linearity of the trend lines
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Fig. 13.8 Spatio-temporal variations in surface water pH in the three Indian Sundarban sampling 
stations. a Sector-wise linear plot where each closed circle (blue, green, and red) represents the mean 
value of three seasons [pre-monsoon (summer season), monsoon (rainy season), and post-monsoon 
(winter season)] for every year for each sampling station. b Scatter plots with linear regression lines 
showing linearity of the trend lines
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Table 13.2 Two-way analysis of variance (ANOVA) of the environmental indicators in the three 
study sectors (1984–2020) 

Environmental parameters Variables Fcal Fcrit P-value 

Air temperature Between years 98.709 1.757 p < 0.001 

Between sectors 1.318 4.121 NS 

Atmospheric CO2 Between years 155.542 1.757 p < 0.001 

Between sectors 31.908 4.121 p < 0.001 

Aquatic salinity Between years 0.257 1.757 NS 

Between sectors 105.281 4.121 p < 0.001 

Aquatic pH Between years 205.632 1.757 p < 0.001 

Between sectors 4422.895 4.121 p < 0.001 

NS Not significant

Correlation Coefficient Analyses Showing Indicator 
Interrelationships 

The correlation coefficient analyses between the four selected climate change-
oriented environmental indicators in the three Indian Sundarban sectors (1984–2020) 
are shown in Table 13.3. Irrespective of sectors, the surface air temperature showed 
a positive correlation with near-surface atmospheric CO2 (p < 0.001), while both 
surface air temperature and near-surface atmospheric CO2 demonstrated a negative 
correlation with surface water pH (p < 0.001 in both cases) (Table 13.3). In contrast, 
the surface water salinity displayed a sectoral variation in the correlation coefficient 
(positive or negative) with surface air temperature, near-surface atmospheric CO2, 
and surface water pH (p < 0.001) (Table 13.3).

Environmental Trend Prediction Until 2050 

As noted above, whereas data sets from 1984 to 2018 were used to train the NAR 
model, data sets from 2019 and 2020 were used to validate the trained model. 

Prediction of Surface Air Temperature 

A future trend of rising surface air temperatures is visualized in Fig. 13.9. The  
regression curves derived from regression analyses (training, validation, and test) 
are provided as Annexure 1.
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Table 13.3 Correlation coefficients of the environmental indicators in the three study sectors 
(1984–2020) 

Sl. No. Correlation variables Sectors r value P-value 

1 Surface air temperature 
× 
Near-surface atmospheric CO2 

Western 0.9440 p < 0.001 

Central 0.8780 p < 0.001 

Eastern 0.8903 p < 0.001 

2 Surface air temperature 
× 
Surface water salinity 

Western −0.8105 p < 0.001 

Central 0.8938 p < 0.001 

Eastern −0.7229 p < 0.001 

3 Surface air temperature 
× 
Surface water pH 

Western −0.7342 p < 0.001 

Central −0.6313 p < 0.001 

Eastern −0.7027 p < 0.001 

4 Near-surface atmospheric CO2 
× 
Surface water salinity 

Western −0.9388 p < 0.001 

Central 0.8639 p < 0.001 

Eastern −0.7366 p < 0.001 

5 Near-surface atmospheric CO2 
× 
Surface water pH 

Western −0.7798 p < 0.001 

Central −0.7834 p < 0.001 

Eastern −0.8170 p < 0.001 

6 Surface water salinity 
× 
Surface water pH 

Western 0.6574 p < 0.001 

Central −0.4931 p < 0.001 

Eastern 0.7536 p < 0.001 

p < 0.001 = Statistically significant

Prediction of Near-Surface Atmospheric Carbon Dioxide 

A future trend of increasing near-surface atmospheric CO2 concentrations is observed 
in Fig. 13.10. The regression curves derived from regression analyses (training, 
validation, and test) are provided as Annexure 2.
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Fig. 13.9 Predicted surface air temperatures until 2050. A nonlinear autoregressive (NAR) model is 
used for trend prediction. The x-axis denotes time in years, while the y-axis denotes air temperature 
in °C

Prediction of Surface Water Salinity 

A future trend of decreasing surface water salinity is observed in both the western 
and eastern sectors. In contrast, an increasing trend is observed in the central Indian 
Sundarbans due to siltation-linked freshwater cut-off (Fig. 13.11). The regression 
curves derived from regression analyses (training, validation, and test) are provided 
as Annexure 3.

Prediction of Surface Water pH 

A future trend of decreasing surface water pH is observed in Fig. 13.12. The regres-
sion curves derived from regression analyses (training, validation, and test) are 
provided as Annexure 4.
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Fig. 13.10 Predicted near-surface atmospheric carbon dioxide (CO2) concentrations until 2050. 
A nonlinear autoregressive (NAR) model is used for trend prediction. The x-axis denotes time in 
years, while the y-axis denotes atmospheric CO2 in ppm

Discussion 

Recent climate change impacts have negatively affected biodiversity, weather, rain-
fall, atmospheric temperature, water quality, sea levels, and even human health. For 
example, a recent study by Mukherjee et al. (2021) showed that climate change-
induced rises in sea level and concomitant increases in salinity in the Matla estuary 
(located in the hypersaline central Indian Sundarbans) have had a deleterious impact 
on the commercially important variety of ichthyoplankton (fish eggs and larvae). 
The proxies used in our research (namely surface air temperature, near-surface 
atmospheric CO2, surface water salinity, and surface water pH) are discussed here 
separately and consecutively to critically examine different climate change impacts 
affecting the present study area.
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Fig. 13.11 Predicted surface water salinity until 2050. A nonlinear autoregressive (NAR) model is 
used for trend prediction. The x-axis denotes time in years, while the y-axis denotes aquatic salinity 
in psu

Surface Air Temperature 

Air temperature serves as a proxy for climate change as it alters several variables 
related to regional weather, such as the rate of evaporation, relative humidity, types 
and patterns of precipitation, and wind direction or speed (IPCC 2007, 2022). As 
such, air temperature is a function of the intensity and amount of the sunlight directly 
heating the Earth’s surface. Moreover, air temperature is regulated by atmospheric 
conditions like cloud cover and humidity, which trap incoming heat energy from 
the sun. Furthermore, it has been well established that GHGs being heavy, form a 
blanket over the Earth’s crust, which absorbs and traps the sun’s heat. Humans are 
contributing different GHGs to the atmosphere, and the effect of each gas on climate 
change is based on three primary factors, namely the amount (quantity) of GHG 
added, the period (extent) of GHG addition, and the capacity of the added GHG in 
terms of its warming potential. CO2 is one of the major GHGs emitted by vehicles, 
industries, thermal power plants, etc., that absorbs the heat and traps it in the air 
(Earth Observatory 2018), thus raising air temperatures (Leal Filho et al. 2021a).
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Fig. 13.12 Predicted surface water pH until 2050. A nonlinear autoregressive (NAR) model is used 
for trend prediction. The x-axis denotes time in years, while the y-axis denotes aquatic pH

While global average temperatures have already increased by more than 1 °C since 
1850, it is noteworthy that global warming has appreciably accelerated since 1975, 
with global average temperatures rising by about 0.2 °C per decade since (Hansen 
et al. 2006; IPCC  2022). Given that water absorbs and releases heat more slowly 
(thermal inertia) than soil, warming over land tends to be more pronounced than 
warming over the oceans (Mitra et al. 2013). 

The Indian Sundarban ecosystem is noted for its rich blue carbon propensity. 
Temporal variation of surface air temperature in the Sundarbans has been observed to 
range from 11.96 °C to 37.0 °C (Pitchaikani et al. 2017). This mangrove-dominated 
deltaic complex experiences maximum air temperatures during the pre-monsoon 
season, followed by the monsoon and post-monsoon seasons (Mitra and Zaman 
2014, 2015, 2016). 

In the current study, we found that irrespective of study sites, the surface air 
temperature increased uniformly in all three sectors, with a rate of increase of 
0.073 °C yr−1, 0.076 °C yr−1, and 0.057 °C yr−1 in the western (Kakdwip), central 
(Canning), and eastern (Chandkhali) sectors, respectively. This uniform increase 
may be attributed to land-use changes, which are most likely caused by the massive-
scale cutting of mangroves for shrimp culture establishment, industrial activities, 
urban developments, the proliferation of tourism, and the construction of fish landing
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stations in all the mangrove belts of the present study area. Interestingly, we observed 
a hike in surface air temperatures in 2009 in all three sectors due to Aila, a severe 
cyclonic depression that hit the Sundarban region with a speed of ~120 km hr−1 on 
25 May 2009 (Mitra et al. 2011; Kelman et al.  2018). 

Near-Surface Atmospheric Carbon Dioxide 

Rising atmospheric CO2 is another indicator of climate change. In the last 60 years, 
the amount of CO2 emitted in the atmosphere was mainly owing to the increased use 
of coal, petroleum products, etc., which has led to the rise of CO2 concentrations 
from 280 ppm (pre-industrial level) to 415.01 ppm (present level) as of November 
2021.2 This trend of rising atmospheric CO2 is also observed in the deltaic complex 
of the Indian Sundarbans. Irrespective of study sites, near-surface atmospheric CO2 

increased uniformly in all three sectors, with a slight deviation in the rate of increase 
between the three selected stations. In Kakdwip (located in the western sector), the 
rate was 1.33 ppm yr−1, while in the Canning station of the central sector and Chand-
khali station of the eastern sector, the rates were 1.36 ppm yr−1 and 0.90 ppm yr−1, 
respectively. 

Strikingly, the sustained degradation and deforestation of mangrove vegetation 
for human settlement, industrial activities, tourism development, timber production, 
and shrimp culture farms (except in Chandkhali in the eastern sector, which is a 
restricted Reserve Forest zone), along with copious other human activities, have 
massively reduced the carbon sequestration capacity of the ecosystem while signif-
icantly diminishing its potential to act as a sink for future CO2 emissions. This has 
been exacerbated by the release of GHGs from industries, brick kilns, and other 
sources that have cumulatively added substantial amounts of CO2 to the atmosphere. 

Surface Water Salinity 

The Indian subcontinent is presently under the appreciable influence of climate 
change-induced sea-level rises, with India being listed among the 27 most vulnerable 
countries in the world (Mitra et al. 2013). In the Indian subcontinent, the footprints 
of climate change are felt across several ecosystems, including glaciers, estuaries, 
bays, and open oceans. The mangrove-dominated Indian Sundarban region at the 
apex of the Bay of Bengal in the lower Gangetic delta has been experiencing the 
impacts of climate change for a long time (Mitra et al. 2016). There are reports of 
rising sea levels in the Indian Sundarbans at a rate of 3.14 mm yr−1 (Hazra et al. 
2002). Sea-level rise on this scale results in a significant increase in salinity due to 
saline water intrusion. However, this universal rule is not followed uniformly across

2 https://www.co2.earth/annual-co2. 

https://www.co2.earth/annual-co2
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the Indian Sundarbans due to contrasting geomorphological features between the 
western, central, and eastern sectors. Long-term data on surface water salinity indi-
cates a bell-shaped salinity profile in the Indian Sundarban region. While the central 
sector exhibits high levels of salinity, this area finds itself straddled between the two 
hyposaline sectors of western and eastern Indian Sundarbans (Trivedi et al. 2016). 

The low-saline environment of the western Indian Sundarbans may be caused 
by freshwater inputs from the Farakka barrage situated upstream of the Ganga-
Bhagirathi-Hooghly River system (Mukhopadhyay et al. 2006). A 10-year survey 
(1999–2008) on freshwater discharge from the Farakka barrage revealed a mean 
discharge of (3.70 ± 1.15) × 103 m3 s−1. Higher discharge values were recorded 
during the rainy season, with a mean of (3.81 ± 1.23) × 103 m3 s−1, and the highest 
discharge of 4,524 m3 s−1 was observed during freshet (i.e., the rush of fresh water 
flowing into the sea because of a flood of a river from melted snow or heavy rainfall) 
(September). Significantly lower discharge values were recorded during the summer 
season, with a mean of (1.18 ± 0.08) × 103 m3 s−1, and the lowest discharge of 
846 m3 s−1 was observed during May. During the winter season, discharge values 
were moderate, with a mean of (1.98 ± 0.97) × 103 m3 s−1, as recorded by earlier 
research (Mitra et al. 2013). 

The central sector represents a region of high salinity owing to the complete 
blockage of freshwater inflows from the upstream region because of siltation in the 
Bidyadhari River since the late fifteenth century (Chaudhuri and Choudhury 1994; 
Mitra et al. 2013; Sengupta et al. 2013). The Matla estuary in the central Indian 
Sundarbans is not ideally positioned given the lack of head-on discharge for dilution 
of the system with fresh water. The eastern sector of the Indian Sundarbans displays 
a low-saline aquatic phase, perhaps owing to interconnection with many creeks and 
channels from the tributaries of the Bangladeshi Sundarbans that arise from the 
Padma-Meghna River system. Such contrasting salinity within the same ecosystem 
confirms the impact of climate change-induced sea-level rise in the central sector. 
However, the effect is suppressed in the western sector due to barrage discharge. 

In summary, aquatic salinity decreased in the western and eastern sectors, with 
a rate of 0.0054 psu yr−1 and 0.0116 psu yr−1, respectively, due to an increase of 
dilution factor stemming from freshwater inputs from the Farakka barrage and trans-
boundary effects from creeks, channels, and tributaries from rivers in Bangladesh 
(Padma and Meghna), respectively. Aquatic salinity is elevated in the central sector, 
with a rate of 0.0165 psu yr−1, due to the clogging of the Bidyadhari River with 
a massive quantum of silt. A hike in aquatic salinity in 2009 may be due to salt-
water intrusion from the adjacent bay caused by cyclone Aila (Mitra et al. 2011). In 
short, differences may be explained by divergent dilution factors and siltation-linked 
freshwater obstructions.
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Surface Water pH 

In the present study, the surface water pH decreased in the western, central, and 
eastern sectors, with a rate of around 0.00027 yr−1, due to increases in CO2 emissions 
from adjoining industries, brick kilns, fishing trawlers and vessels, tourist vehicles, 
etc. Once present in the ambient atmosphere, emitted CO2 from these point sources 
mixes rapidly with surface estuarine water through the gaseous exchange, leading 
to estuarine acidification by forming carbonic acid (H2CO3), which eventually gives 
rise to hydrogen ions (H+) that in turn lowers the surface water pH and makes the 
water acidic, as shown in Eq. 13.1 (IPCC 2005). 

CO2 (aqueous) + H2O = H2CO3 = CO− 
3 + H+ = CO2− 

3 + 2H+ (13.1) 

where 

CO2 (aqueous) represents dissolved carbon dioxide; 
H2O represents estuarine water; 
H2CO3 represents carbonic acid; 
CO3 

2− and HCO3
− represent carbonate and bicarbonate ions, respectively; 

H+ represents hydrogen ion. 

The sudden hike in aquatic pH values in 2009 was likely caused by cyclone Aila, 
which triggered the massive intrusion of saline water from the Bay of Bengal via 
increased precipitation and concomitant storm surge-induced sea-level rise (Mitra 
et al. 2009a, b). 

Spatio-temporal Variations in the Selected Environmental 
Parameters 

Two-way ANOVA, carried out with the selected environmental parameter data from 
the three study sites, exhibits significant variations between the stations and years in 
the case of near-surface atmospheric CO2 and surface water pH (p < 0.001). In the 
case of surface air temperature, considerable variation was observed between years 
but not between stations. On the other hand, in the case of surface water salinity, 
we did not observe any statistically significant variations between years, although 
pronounced variations were observed between stations. Our results show that spatial 
variations in salinity are noted in the three sectors of the Indian Sundarbans; however, 
it is not wise to relate these variations to climate change given the limited temporal 
variations between years. The opposite holds for surface air temperature. The other 
two parameters, namely near-surface atmospheric CO2 and surface water pH, exhib-
ited pronounced spatio-temporal variations. Hence, they can be used as proxies for 
climate change in the present geographical locale.
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Correlation Between Selected Environmental Indicators 

As depicted in Table 13.3, surface air temperatures showed a positive correlation 
with near-surface atmospheric CO2 concentrations. Since CO2 is a GHG that traps 
heat energy from the sun during the day and prevents its escape from the Earth 
during the night, incremental increases in atmospheric CO2 concentrations lead to 
incremental rises in air temperatures. As also shown in Table 13.3, the surface water 
pH negatively correlated with both surface air temperature and near-surface atmo-
spheric CO2. This negative correlation can be attributed to the gaseous exchange 
of atmospheric CO2 with surface estuarine water that causes a lowering of surface 
water pH due to the generation of H+ ions from H2CO3, which is formed upon the 
dissolution of atmospheric CO2 in water. 

Environmental Indicators and Future Trends 

As noted above, the NAR model was trained using 35 years of data (1984–2018) 
for predicting future trends to 2050. Validation of the neural network was done by 
comparing the sector-wise predicted values of the selected environmental indicators 
with the real-time observed values for two consecutive years, 2019 and 2020, as 
tabulated in Table 13.4. In most cases, the sector-wise predicted values showed only 
minor deviations from the real-time observed values for both years (i.e., predicted 
and real-time observed values are very close); however, there are some exceptions, 
primarily for near-surface atmospheric CO2, as shown in Table 13.4 with a single  
asterisk or double asterisks. Taken together, our analysis suggests that the model 
accuracy can be considered high and the model performance satisfactory.

From the regression analyses, it was found that the sector-wise correlation coeffi-
cient (R) values, as shown in the regression curves, range from 0.87461 (Chandkhali) 
to 0.92767 (Kakdwip) (for surface air temperature), 0.97549 (Kakdwip) to 0.99978 
(Chandkhali) (for near-surface atmospheric CO2), 0.67959 (Canning) to 0.92665 
(Kakdwip) (for surface water salinity), and 0.8349 (Canning) to 0.9459 (Kakdwip) 
(for surface water pH). The overall high correlation coefficient suggests good model 
performance and satisfactory prediction accuracy. Therefore, the NAR model can be 
used for future predictions of environmental parameters. 

The reasons for fluctuations observed in the future predicted NAR plots in the 
cases of surface air temperature (eastern sector), near-surface atmospheric CO2 

(western and central sectors), and surface water salinity (all three sectors) could be 
due to the randomness of natural phenomena and inherent chaos of the environmental 
parameters being taken into consideration.



274 S. Agarwal et al.

Table 13.4 Validation of the nonlinear autoregressive (NAR) model by comparing the sector-wise 
predicted values with the real-time observed values of selected environmental indicators for the 
years 2019 and 2020 

Environmental 
parameters 

Sectors Year 2019 Year 2020 

Predicted 
value 

Real-time 
observed 
value 

% 
Deviation 

Predicted 
value 

Real-time 
observed 
value 

% 
Deviation 

Surface air 
temperature 

Western 34.60 36.40 −4.945 34.90 35.00 −0.286 

Central 33.07 36.20 −8.646 30.91 34.90 −11.433 

Eastern 34.80 35.70 −2.521 35.33 34.30 3.003 

Near-surface 
atmospheric 
CO2 

Western 499.00** 414.97** 20.250 425.00** 397.61** 6.889 

Central 393.00* 406.22* −3.254 407.00* 395.33* 2.952 

Eastern 401.00 400.91 0.022 401.00** 376.23** 6.584 

Surface water 
salinity 

Western 3.55 4.11 −3.625 3.14 3.27 −3.976 

Central 26.07 25.02 4.197 25.00 25.49 −1.922 

Eastern 10.85 9.50 14.211 6.95 9.12 −23.794 

Surface water 
pH 

Western 8.13 8.10 0.370 8.19 8.24 −0.607 

Central 8.24 8.26 −0.242 8.26 8.33 −0.840 

Eastern 8.25 8.22 0.365 8.26 8.28 −0.242 

*/** Noticeable difference between predicted and real-time observed values

Impacts of COVID-19 Lockdowns on Environmental 
Indicators 

The outbreak of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
causing coronavirus disease (COVID-19), which was initially detected in Wuhan, 
China, in late December 2019, swiftly spread worldwide.3 The effects were first 
felt in India in late March 2020. Although the pandemic was a bane for the global 
populace as it claimed millions of lives, research also synthesised some positive side 
effects that could be considered a boon for the environment (Leal Filho et al. 2021b). 
The impacts of COVID-19 were also noticed in the data collections and analyses that 
informed the current study. The sharp dip in air temperatures and atmospheric CO2 

concentrations and the steep rise in aquatic pH levels in 2020 in all three stations 
under investigation are synchronous with the COVID-19 pandemic and lockdown 
periods, which underpinned widespread reductions in traffic and industrial activities. 
In short, decelerated human activities lowered the atmospheric carbon footprints and 
air temperatures and increased estuarine acidification (i.e., dissolution of atmospheric 
CO2 in the estuarine or brackish water of the Indian Sundarbans). Correspondingly, 
the dip in atmospheric CO2 concentrations and air temperatures, and the rise in

3 https://www.who.int/health-topics/coronavirus. 

https://www.who.int/health-topics/coronavirus
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aquatic pH levels in 2020–2021, as observed in the NAR plots, can be attributed to 
COVID-19-induced lockdown periods, especially in the western and central sectors. 

Conclusions 

This section synthesises six key findings that may be concluded from this research on 
selected environmental indicators. They combine to highlight a clear anthropogenic 
climate change signal that is unmistakably observed in all three Indian Sundarban 
study sites: 

1. Measurements over time exhibit a clear trend of increasing surface air tempera-
tures in all three study sites. 

2. Levels of near-surface atmospheric CO2 concentrations are synchronous with 
surface air temperature measurements and exhibit a gradual increase over time. 

3. Rising air temperatures and increasing CO2 concentrations in all three Indian 
Sundarban sectors correlate with the massive deforestation of mangroves (a 
major carbon sink) in the area. Reasons for the degradation and decimation of 
mangroves are manifold and include progressive human encroachment and settle-
ment, urbanisation, industrial development, the proliferation of shrimp farms, 
fish landing stations, and growth in tourism, among other factors. Emissions 
from fishing trawlers and vessels that ply in and around the present study sites, 
coupled with brick kiln emissions, also contribute an appreciable amount of CO2 

to the atmosphere, directly impacting both air temperature and air quality. 
4. Significant differences between study sites are observed in surface water salinity. 

While the western and eastern sectors exhibit a decreasing trend, the central sector 
exhibits a rising trend. Differences may be attributed to increased run-offs and 
dilution factors in the western and eastern sectors and siltation in the central 
sector, respectively. 

5. In contrast to air temperature and CO2, surface water pH data reflect a decreasing 
trend in all three sectors over time, which casts a negative correlation between 
surface air temperatures and near-surface atmospheric CO2 concentrations. This 
is understood to be caused by the gaseous exchange of atmospheric CO2 with 
surface water that results in lowering the surface water pH due to the formation 
of H2CO3, which subsequently generates H+ ions. 

6. Finally, analyses of environmental parameters using NAR networks point to some 
alarming future trends. These encompass surface air temperatures, near-surface 
atmospheric CO2 concentrations, and surface water pH levels in all three study 
sites, and surface water salinity levels principally in the central study site. The 
prediction model for each of the parameters forecasts that surface air temperature, 
near-surface atmospheric CO2, surface water salinity, and surface water pH may 
change to 34.21 °C, 410 ppm, 8.97 psu, 8.26, respectively, by 2050 for the entire 
Indian Sundarbans (mean of three sectors).



276 S. Agarwal et al.

Recommendations for Climate Change Mitigation 
and Adaptation 

Current trends in the Indian Sundarban region reflect increasing near-surface atmo-
spheric CO2 concentrations, rising surface air temperatures, surging surface water 
salinity, and decreasing surface water pH levels. These trends are poised to dramati-
cally alter the biotic community (flora and fauna) in this unique mangrove ecosystem 
of the Indian subcontinent. This final section synthesises critical steps that may be 
implemented to counteract the adverse impacts of climate change as observed from 
data drawn from the Kakdwip, Canning, and Chandkhali study sites. The study 
advances six key recommendations: 

1. To effectively reduce GHG emissions from industries, brick kilns, and fishing 
trawlers, which are the principal emission sources of CO2 and N2O in this  
mangrove-rich ecosystem, requires stringent emission controls. Hence there is an 
urgent need for a mitigation management action plan that may achieve, regulate, 
and sustain extensive GHG reductions over time. 

2. Relatedly, there is an urgent need to develop a large-scale nursery of blue carbon 
(mangrove saplings) for plantation. Given the significant and manifold ecosystem 
services that mangroves provide as natural shelterbelts against cyclones and storm 
surges, as nursery beds for fishes and habitat for a plethora of species and biotic 
communities, and as absorbents for toxic heavy metals, in addition to their dual 
capacity to sequester GHGs and down-regulate temperatures, the benefits of 
mangroves can hardly be overstated. This makes the sustainable development 
of blue carbon nursery one of the most promising strategies for long-term envi-
ronmental conservation and remediation. As such, mangrove reforestation can 
simultaneously play a significant role in both mitigating climate change and 
helping local communities adapt to its effects (see Fig. 13.13).

3. Furthermore, considering that mangroves are known to have very effective 
disaster mitigating propensities, there is an opportunity to connect mangrove 
reforestation initiatives to disaster awareness, preparedness, resilience, risk 
reduction, and locally relevant disaster risk education. 

4. The introduction of low-carbon alternative livelihoods can concurrently uplift the 
economic profile of island dwellers without harming the ambient climate. This 
may include the preparation of snacks, cookies, jellies, and other food products 
from mangroves and mangrove associate species (provided a backup nursery is 
created to maintain the supply chain), seaweed culture, and oyster culture, among 
others. 

5. The practice of mangrove-based shrimp culture using probiotics can minimise 
artificial feed that adversely impacts the aquatic phase through the generation of 
organic load, H2S, NH3, etc.  

6. Finally, rainwater harvesting practices should be upscaled in nearshore agri-
cultural areas (preferably in the central Indian Sundarbans) to circumvent the 
problem of increasing water salinity.
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Fig. 13.13 The Indian Sundarbans. Mangroves and mangrove associate species provide a variety 
of essential ecosystem services (Mitra 2020). Besides acting as a powerful carbon sink, mangroves 
prevent soil erosion, serve as a buffer against cyclonic storms and wave actions, provide nursery beds 
for fishes, crabs, oysters, etc., and offer habitat for a plethora of species and biotic communities, 
including microbes. Mangroves are also noted for their disaster mitigating propensities (Luetz 
2008; Menéndez et al. 2020), in addition to their dual capacity to actively sequester greenhouse 
gases (GHGs) and down-regulate temperatures. This profusion of benefits makes the sustainable 
development of blue carbon nursery one of the most promising strategies for long-term climate 
change mitigation and adaptation (Photos taken by authors during field research)

Figure 13.14 shows how alternative development pathways can cause different 
levels of GHG emissions. It also identifies mitigation and adaptation as the two 
essential response strategies to climate change, namely (1) the magnitude of temper-
ature rises can be lessened by reducing GHG emissions, and (2) the negative impacts 
of climate change that are already occurring may be minimised through adaptation 
measures that may both enhance the coping capacities of local communities while 
concurrently lowering their vulnerabilities (IPCC 2001; Menéndez et al. 2020; Doust 
et al. 2021; Leal Filho et al. 2021a; Sultana and Luetz 2022).
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Fig. 13.14 An integrated framework of climate change. Sources, effects, impacts, and mitigation 
or adaptation of CO2 emissions 

Annexure 1 

Regression analysis and sector-wise correlation coefficient values for surface air 
temperature using a nonlinear autoregressive (NAR) model.
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Annexure 2 

Regression analysis and sector-wise correlation coefficient values for near-surface 
atmospheric carbon dioxide using a nonlinear autoregressive (NAR) model.
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Annexure 3 

Regression analysis and sector-wise correlation coefficient values for surface water 
salinity using a nonlinear autoregressive (NAR) model.
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Annexure 4 

Regression analysis and sector-wise correlation coefficient values for surface water 
pH using a nonlinear autoregressive (NAR) model.
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Chapter 14 
Carbon Trading and Sustainable 
Development Goal 13: The Malaysia 
Perspectives 

Zainorfarah Zainuddin and Tengku Adeline Adura Tengku Hamzah 

Abstract Nations worldwide have made significant progress toward sustainable 
development due to climate change. As a result of the increased emphasis on 
achieving a wide range of economic, social, and environmental objectives, firms 
have begun to realign their operations toward cleaner production processes. Due to 
the carbon market’s anticipated evolution over time, carbon trading development has 
experienced significant changes that require ongoing innovation and involvement 
to achieve Sustainable Development Goal 13 (SDG 13). Malaysia has implemented 
various strategies for mitigating climate change. However, the country’s development 
needs to be aligned with the national economy. This research examines the scope 
of the SDG 13 framework on carbon trading implementation in Malaysia as well as 
past and ongoing clean development mechanism projects in the energy, forestry, and 
agriculture sectors. According to the analysis, the project’s adaptability and growth 
are consistent with SDG 13’s goal of lowering carbon emissions. This study exposes 
the project’s challenges, opportunities, contributions and impacts. 

Introduction 

Global warming poses a serious threat to human economic progress and the natural 
environment. Many studies have shown that the human impact on climate change 
is vital (IPCC 2018). The concentration of carbon dioxide and other greenhouse 
gases has increased by 48% since its pre-industrial level in 1750 (EU 2021). Thus, 
new strategies and policies that lead to greater potential outcomes of aligning with 
solutions and mitigation actions and that respond to climate change’s impacts are
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needed. Therefore, governments worldwide are taking steps to build resilient soci-
eties, environments and economies to minimise future risks and challenges (UN 
AR17 2017). 

Combating climate change requires all sectors and communities to work collec-
tively. The impact on business and social perspectives has encouraged rapid 
growth and development through carbon emissions project implementation. Despite 
disagreements about implementation and outcomes, there is a climate action initiative 
to raise awareness and develop resources and capabilities. In the World Economic 
Forum (2022), governments agreed at the United Nations of Climate Change Confer-
ence (COP26) to find ways to strengthen the climate action plans more frequently 
rather than every year as stipulated by the Paris Agreement. With multiple pres-
sures, alongside the new pandemic crisis and climate change challenges, Malaysia 
has lagged behind the economic performance of Asian countries, as South Korea and 
Taiwan, which started at a lower level than Malaysia in the 70s, have begun their 
transformation. The problem exists within the context of investment and produc-
tivity, which have declined over the last 20 years. The government’s role in creating 
policies and incentive frameworks needs to be redesigned. It has a lot of potentials 
to combine investments in large-scale programmes to cut emissions with market 
mechanisms that promote innovation in low-carbon technology in a cost-effective 
way (BUR 2021). 

Malaysia has reduced its greenhouse gas (GHG) emission intensity to GDP by 
29.4% by the end of 2016 (EPU 2021). However, the implementation of carbon 
trading and environmental sustainability could be solutions to mitigating climate 
change, increasing economic growth and green development (Hamzah et al. 2019). 
An incentive for businesses to shift to low-carbon practices and bring in more green 
investment can be achieved by utilising the carbon trading programme. According 
to the Ministry of Environment and Water (MEWA), carbon trading is one of the 
climate change strategies to encourage Malaysian companies to declare a goal of 
net-zero GHG emission to ensure the long-term viability of the company’s operations 
(MEWA 2021). As the global carbon market downturn has affected carbon trading, 
the implementation has changed drastically since the Kyoto Protocol, and it has 
moved forward to a new kind of transformation that requires long-term strategies. 
Climate change issues affect the world, businesses, the environment and human well-
being. Concerns about being involved in low carbon strategies and implementation 
of a more efficient and sustainable future in the energy, forestry, and agriculture 
sectors allow rapid progress on new systems and development policies. However, 
these require more action to move towards sustainable practices. 

This chapter discusses the carbon trading project implementation and the Sustain-
able Development Goal 13 on climate action in Malaysia, which are expected to 
provide significant benefits and knowledge to businesses, policymakers and society. 
However, to justify the links between carbon trading and many other interconnected 
goals, such as renewable energy development, sustainable agriculture and poverty 
reduction (related to skills, advanced technologies and job creation), sustainable 
industrialisation must be considered as it contributes to long-term development 
goals and transformations. Health, poverty, equality, energy, economic growth and
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climate change are among the 17 complex and interwoven goals aimed to address the 
most difficult development concerns. The goals are set apart from target indicators, 
yet they cannot be viewed as separate entities. Understanding the complexities of 
accomplishing the SDGs requires a systematic approach as the economic, social and 
environmental systems are interconnected and impact each other. 

Participating in environmental sustainability projects and carbon trading opens up 
a few new perspectives. Similarly, when considering sustainability from a broader 
perspective, there are several advantages and opportunities, as well as risks and 
possibilities to consider. One goal’s progress is amplified when synergies occur, 
while another may also accelerate. For example, carbon trading has been linked 
to many other interconnected goals, including job and skills creation that could 
reduce poverty, encourage sustainable industrialisation, and adopt climate change 
mitigation strategies and renewable energy, all of which contribute to long-term 
development and progress. Thus, carbon trading progress efforts lead to poverty 
eradication by creating job opportunities (Goal 1), promoting sustainable agriculture 
(Goal 2), promoting a healthy lifestyle (Goal 3), renewable energy and bio-energy 
(Goal 7), economic growth (Goal 8) and climate change mitigation action (Goal 13). 

Carbon Market in Malaysia 

According to the Sustainable Development Report (2021), Malaysia’s statistical 
performance index by the SDGs contributed to a country score of 70.9% that was 
aligned with the SDGs, including SDG 17 (Partnerships for the Goals). According to 
UNEP (2020), a country’s ability to identify opportunities to reduce emissions and 
translate them into projects is indirectly reflected in the number of projects relative 
to the country’s emissions. As a result, carbon trading schemes such as the Clean 
Development Mechanism (CDM) are in line with the potential for lowering emis-
sions and with an effort to increase awareness among relevant sectors prior to the 
project’s actual implementation. However, BUR (2019) reported little interest in the 
CDM implementation due to the low carbon price and the carbon market’s uncer-
tainty issues. According to the Nationally Determined Contribution (NDC), Malaysia 
intends to reduce its GDP emission intensity (GHG) by 45% by 2030 compared to 
GDP emission intensity (GHG) in 2005. 

Businesses in Malaysia have gradually begun to implement environmental prac-
tices, projects and goods as a value-added approach to increase the corporate repu-
tation and financial performance to maximise economic benefits. Many businesses 
have begun to incorporate sustainability projects into their business strategies to 
stay competitive. Malaysia’s commitment and attempts to educate Malaysians about 
environmental issues, sustainable living and climate change, in particular, have been 
persistent (BUR 2015). The action of developing solutions necessitates a distinct 
approach to decision-making and a need to go beyond current and future viewpoints 
(Zainuddin et al. 2017). According to Amran et al. (2013), Malaysia has solid insti-
tutional arrangements, the stability to invest in climate change mitigation action



292 Z. Zainuddin and T. A. A. T. Hamzah

and increasing awareness of CDM venture projects. Industries would benefit from 
developing environmental projects under CDM (Hamzah et al. 2019). 

In keeping with its commitment to becoming one of the developed nations, 
Malaysia’s government continues to pursue sustainable and resilient growth in its 
Twelfth Malaysia Plan (2021–2025). The government should improve the environ-
ment for green growth, implement sustainable consumption and production, conserve 
natural resources and increase resilience to climate change and natural disasters. 
Malaysia will benefit from these actions as they reduce its carbon footprint, ultimately 
meeting the SDGs. All the goals are a collection of parts linked to achieving a certain 
goal, which is sustainability. In pursuit of global development and growth, the United 
Nations operates collectively through a “win–win” process, bringing cooperation and 
significant gains to all countries (UN 2015). 

A plan to change the trajectory of CO2 levels in the atmosphere by triggering 
long-term systemic shifts must be implemented to deal with climate emergencies 
and post-pandemic recovery (IPCC 2019). In recent years, the post-pandemic crisis 
has been tied to developing plans and strategic redesigns for a more sustainable 
future. Communities are actively seeking more green products, sustainability and 
carbon trading projects, and many firms are looking to adopt them (MIDA 2020). 
The development of low-carbon industries and green growth has led businesses to 
be proactive in developing and implementing green strategies in their practices. 

Researchers and scholars frequently cite environmental policies and regulations. 
Legal compliance has been identified by Yang et al. (2019) and Paulraj (2009) as a  
major issue in developing strategies and planning climate change mitigation activi-
ties. Companies have become increasingly concerned about sustainability disclo-
sures’ determinants. Understanding the connections between international trade 
in carbon trading, competitiveness and global resources is necessary. Environ-
mental projects need to be adopted and adapted, particularly in developing coun-
tries, to discover networking potential and further develop the sustainability pillars 
of economic development, social development and environmental protection. A 
company that manages environmental affairs will improve relations with consumers, 
regulators, vendors and other sectors that contribute to the advancement of a more 
sustainable value chain. 

Challenges of Carbon Trading Implementation in Malaysia 

Disaster management systems worldwide are confronted with enormous challenges 
caused by climate-related catastrophes. As was observed during the recent year-
end flooding in Malaysia, which has affected many states and contributed to food-
shortage and waterborne illnesses, it is apparent that maintaining a clean water supply 
and ensuring proper sewerage systems are extremely crucial. Other than flooding, 
other climate-related disasters which are equally challenging to be managed are 
heatwaves and forest fires. Despite the increasing sophistication of global climate 
change models, it remains unclear how temperature and climate changes will affect
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local communities and economies (Soltesova et al. 2014). Scientists still have a long 
way to go when limiting climate data to smaller regional units, including cities. 

The Government of Malaysia submitted the Second National Communication 
Report (2011) to UNFCCC in 2011. The report shows that Malaysia has the ability 
to achieve a 40% reduction in GDP emissions through various actions in multiple 
economic sectors. Despite the possibility of these reductions in emissions, significant 
effort is required from all stakeholders; one of which is by implementing carbon 
trading projects. However, one huge hurdle which limits many mitigation actions 
in carbon trading projects is the cost and suitability of the technology involved. As 
was observed by Parikh and Parikh (2004), the generation of renewable energy is 
more expensive than conventional energy due to high cost of the technology involved. 
High technology costs have resulted in increased transaction costs (Parikh and Parikh 
2004). Transaction costs were also mentioned by Parikh and Parikh (2004) as amajor  
problem that makes it hard to start carbon trading projects. 

Michaelowa (2015) noted that transaction costs are linked to the environ-
mental project’s formalisation, validation and monitoring implementation verifi-
cation. Depending on their size, development projects require a large financial 
investment. In monitoring and evaluating carbon projects—the action to optimise 
environmental performance and reduce transaction costs are in conflict. Regulations 
may fail to meet the carbon reduction targets specified in the trading proposal, due 
to the pressure between low transaction costs and the environmental efficiency of 
cap and trade schemes (Donald 2015). As these changes and related outcomes might 
require some time to be resolved, it creates challenges in the transfer of technology, 
adaptation and adoption. 

According to IISD (2008), some forest areas have been degraded by previous 
management effects regarding land usage, land use transition and forestry activities 
(LULUCF). From the forestry sector’s perspective, the conservation and reforesta-
tion of these forests require high costs and support to fulfil the activities. Palm oil 
plantations’ impact on deforestation creates concern among environmental activists 
and the European Union (EU). The EU condemned palm oil as it affects wildlife and 
promotes unsustainable logging (MPOB 2019). New skills and capabilities must be 
developed to understand the process, as carbon trading has never resulted in defor-
estation. The MPOB has implemented palm oil replanting successfully to sustain the 
industry and contribute to its sustainability (MARDI 2019; FELDA 2017; MPOB  
2019). According to some scholars, global emissions are not currently being reduced 
enough to prevent dangerous climate change (Ronald et al. 2010). 

Several scholars stated that it was already too late to prevent catastrophic climate 
change (Loarie et al. 2009). Therefore, one can argue that carbon trading is less 
effective since it is insufficient to avert dangerous climate change. Additionally, the 
limitation on clear and fair environmental policies on carbon trading has to bridge 
the competitiveness and uncertainty of carbon trading implementation to achieve the 
SDGs (Zainuddin 2021). Furthermore, political issues have also influenced carbon 
trading implementation’s accuracy. A controversial carbon trading deal has been 
declared illegal by trading experts in Malaysia.
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Carbon trading also poses challenges due to global resources owned by commu-
nities. Still, no person or entity has the right to acquire private property that excludes 
others from using those resources (Ott and Sachs 2000). As a general rule, govern-
ments are also expected to protect the common goods by protecting common 
resources, including preventing entities from using those resources for their benefit. 
A carbon cap and trade regime may result in pollution if property rights are assigned 
while governments are required to protect common resources. In the meantime, 
the ability to trade low-cost credits for emissions reductions reduces the pressure 
on high-emitting entities to change their behaviour. Additionally, carbon trading 
does not invest in sociological, political and historical analysis of achieving signifi-
cant reductions in the required GHG emissions. Neither correlation nor conclusion 
is drawn as to whether the economic conditions are favourable for continuing the 
activity or if the absence of Certified Emission Reductions (CERs) or carbon credits 
reflects their absence at their inception. 

This study aims to conduct an original research study rather than critically analyse 
previously published literature reviews. The data gathered is based on interviews 
conducted with CDM practitioners per the interview analysis used in the study. This 
research includes a discussion of the results’ potential and implications, as well as 
suggestions for future research. This research has the potential to assist companies in 
understanding carbon trading schemes and enhance future climate policy in Malaysia 
to achieve SDG 13. 

Research Method and Data Analysis 

This study utilises the literature and interviews to answer the research questions and 
achieve convincing results. The study uses a thematic analysis with interview data 
collected from nine CDM practitioner companies in Malaysia that have implemented 
carbon trading. Malaysia is making progress on many SDGs. Despite the continu-
ance’s uncertainty, carbon trading projects in Malaysia have shown a progressive 
impact on meeting SDGs in the future. This section explains this study’s funda-
mental structure, research design and data collection process. Figure 14.1 illustrates 
the conceptual framework and identified themes in this study.

The study underwent various phases to evolve and filter its content. Several vari-
ables and dimensions are determined in the first part of the literature review to repre-
sent the study’s key concepts. This research includes interviews with nine carbon 
trading companies that have implemented carbon trading projects. The nine compa-
nies were selected based on the companies engaged in CDM and voluntary carbon 
market (VCM) projects in Malaysia. This study uses a qualitative approach to data 
collection with a field visit, focusing on staff at the managerial level who were 
familiar and knowledgeable with carbon trading implementation activities in their 
companies. The data collection process is taken seriously to lessen common method 
bias, which exclusively interviews within the managerial level to provide in-depth 
interview sessions, accuracy and reliable data.
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Problems: Global warming, 
climate change issues and GHGs 
emissions must be reduced to 
achieve below 1.5 degrees 
Celsius.  

Businesses and industries in  the 
energy, forestry and agriculture 

sectors 

Carbon Trading 
Implementation in 

Malaysia 

Identified themes : 
Regulation factors: national/international policy 
Competitiveness: performance, reputation and 
ethical reasons 
Financial factors: financial returns, carbon market, 
investment, CERs supply and demand sales. 
Resources and capabilities: green growth and 
development, job creation/skills development 

Sustainable Development 
Goal 13 

Impacts on SDG 13: 
-Local air quality 
-GHG reductions 
-Water quality 
-Resources
-Soil/Land quality 
- Biodiversity 

Fig. 14.1 Conceptual framework and identified themes

The study aimed to produce quantitative insights that were difficult to find in 
the quantitative method and to gain a deeper understanding of the phenomena’s 
whys and hows (Davy and Valecillos 2010). Through semi-structured interviews, the 
researchers were able to gain a deeper understanding of the various aspects of carbon 
trading. The nine participating organisations, which ranged in size and industry 
were selected using a sampling technique called purpose convenient sampling. After 
getting verbal permission from the participant, the researcher conducted and digitally 
recorded the interview. 

Boyatzis (1998) argues that thematic analysis is a means of communication 
amongst researchers by drawing on a variety of qualitative approaches. Using 
thematic data, the researcher can translate observations and use statistical analysis 
by identifying, analysing, and reporting patterns. Regulation forces, competitive-
ness, financial factors, resources and capabilities, and impacts on SDG 13 are the 
five primary categories explored in this analysis. Several themes were inductively 
produced under each heading using data collected from the subjects. 

A combination of secondary and primary data was used in this study. Primary data 
is used to support the findings from secondary data in terms of the industry’s nature 
and issues. In addition to the UNFCCC website, UNDP, Department of Statistics 
Malaysia (DOSM), journals and annual reports, secondary data was collected from 
different sources. In this study, the SDG 13 indicators have been measured following 
the CDM Handbook (2009) from Malaysia Green Technology Corporation (MGTC). 
The indicators are based on the project’s impact on sustainable development and 
its contribution to sustainable development. Researchers Zainuddin et al. (2017), 
Michaelowa et al. (2019) and Paulraj (2009) have classified the determinants to be 
the strengths that affect how well a company reaches its objectives and the effect
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the carbon trading project has on a business. An interview process was used in this 
research, and coding and thematic analysis were performed. This research divided 
several factors into five themes and categories based on the anticipated assessment 
forms. The initial research themes consist of the construct focusing on the regulation 
factor, competitiveness, financial factors, resources and capabilities and impact on 
SDG 13. 

In this study, carbon trading projects were examined in light of improved policies 
and procedures as well as the Sustainable Development Goals (SDGs) agenda for 
more sustainable production. Malaysia might be able to reduce regional temperatures 
by 1.5 °C with technology transfer and participation in carbon trading projects, as 
promised in the Paris Agreement. This paper aims to contribute to the research 
field of carbon trading project implementations and develop an understanding for 
practitioners and policymakers in carbon trading. Contributions towards achieving 
Climate Action Goal 13 will be made by supporting a sustainable future and creating 
opportunities for sustainable development and climate change mitigation. 

Results and Discussions 

This section discusses the findings on the factors affecting carbon trading imple-
mentation towards SDG 13. The discussions cover the factors on regulation factors, 
competitiveness, financial factors, resources and capabilities and the impacts on SDG 
13. Table 14.1 summarises the instrument items and the results of this study.

Regulation Factors 

Regulation factors such as the policy framework for carbon trading and strategic 
approaches must provide certainty and confidence for organisations to invest in and 
address climate actions. This study’s results justified the positive outcomes in regula-
tory factors that lead to carbon trading implementation. Most companies agreed that 
carbon trading implementation is compatible with national regulations, engagement 
with international partnerships and strategy for additional carbon emission projects. 

The increased focus on businesses in reducing carbon emissions, adopting envi-
ronmental projects, improving resilience and adding values are integrated with regu-
lative factors. As carbon trading is one of the mechanisms that could promote 
sustainability, engagement to provide suitable policies and approaches is the key 
focus to demanding new green growth in Malaysia. According to Delmas and Toffel 
(2003), when adopting environmental projects such as carbon trading, the authority 
or government is responsible for encouraging industries to engage in environmental 
practices. Supported by various studies and scholars, regulation factors are one of the 
motivations and drivers for encouraging businesses to adopt green practices (Hamzah 
et al. 2019; Amran et al. 2013; Bansal and Roth 2000; Paulraj 2009; Buysse and
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Verneke 2003). The data collected revealed that carbon trading implementation influ-
ences the outcomes in emission reduction and is one of the climate action strategies. 
Justified by most interviewees, the government’s transformation plan on advancing 
green growth and enhancing energy sustainability is considered the main factor in 
moving toward low-carbon nations. However, a representative from Company D 
said that manipulations that happen with double-counting are to cause problems 
with reducing emissions and other strict additionality issues (Company D, 2019). 

A representative from the Company I stated that there is a lack of information 
among industries on carbon trading and that most firms are unable to understand the 
current situation of the carbon market. Thus, the public and businesses need high-
quality information to learn more about carbon trading, and environmental policies 
need to improve. 

Competitiveness 

Competitiveness plays an important role in driving companies to implement carbon 
trading. For a company to remain competitive in the market, environmental and 
business strategy elements must be balanced and co-aligned to achieve higher perfor-
mance and sustainability (Tuuli and Rowlinson 2009). Companies believe they will 
achieve competitiveness, boost their performance and company image and gain a 
competitive advantage that demonstrates sustainability’s importance. 

Companies A, D, G, H and I considered that implementing carbon trading 
improved their image and increased their performance. As highlighted by repre-
sentatives D and G, competitive advantage has turned into an opportunity to improve 
production and waste processes, shifting production and processes to be more eco-
efficient. Thus, businesses in different fields that competed with each other started 
to think about protecting the environment as part of their business strategy and build 
good relationships with stakeholders. 

Maintaining a competitive edge is crucial for companies to thrive in the market 
and increase profits over time (Paulraj 2009). Companies can boost their brand 
recognition and differentiate themselves from their competitors by engaging in 
carbon trading (Hart 1995). Because of this, businesses may be able to learn new 
skills, innovate and develop creative solutions that provide them with an advan-
tage over the competition. Carbon trading might be motivated by perceived risks to 
competitiveness, employment and cost distribution (Decker and Wohar 2009). 

Five out of nine companies pointed out that ethical reasons are a factor in 
earning stakeholders’ confidence. Company G states that behaviours and attention 
are reflected in a firm’s value systems and outcomes (Company G, 2019). Zainuddin 
(2021) and Klassen and Vachon (2003) stated that environmental intentions and 
behaviours have strong ties to the company’s leader for economic and social reasons.
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Financial Factors 

According to Bohm and Dabhi (2008), the primary reason the industry is interested 
in implementing carbon trading projects is the financial incentives that are available 
to companies. With more opportunities and incentives, more firms will be able to 
influence their businesses’ market value and financial success. Most of the companies 
agreed with the financial benefits. However, five out of nine were not confident about 
financial returns. Companies B and D mentioned that the carbon market’s uncertainty 
affects the level of confidence in supporting carbon trading projects. According to 
the World Bank (2019), the financial pillar is key to engaging in the carbon market. 
Most firms realise that engagement in carbon trading projects is related to financial 
benefits and improved corporate performance (Li et al. 2019). The carbon credits and 
incentives have positive outcomes for increasing product value, reducing production 
costs and fully utilising waste, particularly in the palm oil industry, which could 
contribute to financial performance and economic development. 

From the findings, most companies recognise the importance of long-term sustain-
ability and will reduce carbon emissions by implementing more environmentally 
friendly projects. Consequently, waste could be reduced, increasing productivity 
while also enhancing good reputations and improving the company image. 

Resources and Capabilities 

This study focuses on the organisations within large and medium-scale projects, 
and most of the projects were from palm oil companies that deal with Palm Oil 
Mill Effluent (POME) and composting production. The findings in this study reveal 
that larger firms are expected to perform better in terms of resources and capabil-
ities when engaged with carbon trading project implementations. As supported by 
Bowen (2003), larger firms are expected to have better availability and accessibility 
of resources and capabilities than smaller firms. 

Firms’ ability to finance and invest in environmental projects such as renewable 
energy, bio-energy, solar and hydro energy requires a high financial investment in 
equipment and facilities. Furthermore, skills and expertise to support the projects, 
not only the carbon trading projects but also the facilities, equipment, people and 
training, have to be considered to make the projects successful. Regarding resources 
and capabilities, Companies C, D and F suggested a high need to improve green 
technology with skills, knowledge and incentives for green technology projects. 
A representative from the Company I informed that most carbon trading projects 
no longer receive financial incentives on technology transfer and high capital imple-
mentation costs have been incurred. Thus, most carbon trading projects are generally 
carried out with the minimal risk of discontinuation.
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Impacts on SDG 13 

Carbon trading’s main objective is to reduce carbon emissions and achieve sustain-
able development. The interactions with climate change adaptation and adoption are 
highly interlinked with other goals to support sustainability with the carbon trading 
project. In the context of Goal 13, investments in the agriculture sector increase the 
sector’s resilience and adaptive capacity for climate change (ICS 2017). Since the 
goal of the CDM is to reduce greenhouse gas emissions, putting it into action could 
be part of the solution to improve adaptation strategies and help achieve the SDGs. 

The impacts of SDG 13 from carbon trading implementation revealed high expec-
tations amongst palm oil producers in Malaysia that are connected to GHG reduction 
and improved local air quality. Even though some issues are associated with the palm 
oil industry, such as deforestation, biodiversity loss and habitat destruction, Malaysia 
has established policies on sustainable palm oil plantations to minimise the risk of 
carbon emissions. The findings reveal that the interconnections and relationships 
between the SDGs and the agriculture sector significantly integrate with carbon 
trading projects. 

Certainly, deforestation for agricultural purposes and expansion for development 
will impact mitigation efforts, increasing climate instability and extreme events such 
as landslides, Malaysia’s second most significant natural disaster threat after flooding 
(Lawal et al. 2014). Dams may contribute to these trends by increasing greenhouse 
gas emissions (ICS 2017). Forest conversion for agricultural purposes may further 
undermine Goal 13 by exposing soils to diseases and contamination. 

As an additional indication of the correlation between SDG 13 and carbon trading, 
findings reveal that certain environmental factors influence how firms respond to 
carbon trading implementation. Even though carbon trading is an investment in a 
strategy to deal with climate change, the community must be made aware of the 
need to adapt and use sustainable practices to fight climate change (Zainuddin 2015, 
2021). To reduce the negative effects on the environment, measures to adapt to climate 
change, manage the risk of natural disasters, and protect natural resources should be 
paired with standards and laws that protect the environment all the time. 

As a result of Malaysia’s green growth strategy, good quality of growth will be 
achieved, as will food, water and energy security, while environmental and ecological 
risks will decrease. This will lead to a greater sense of well-being and quality of life 
for Malaysians. By reducing carbon dioxide emissions, we can preserve terrestrial 
and inland water, coastal and marine ecosystems. Buildings, transportation, prod-
ucts and services will become more energy-efficient and low-carbon as sustainable 
consumption and production practices increase. 

As the world’s energy consumption continues to increase, GHG emissions are also 
expected to increase over time. To ensure sustainable energy management, reduced 
GHG emissions and decreased growth through bio-energy projects, carbon trading 
will enhance economic development, increase national capabilities and capacity for 
innovation in green technology and ensure sustainable development for future gener-
ations (BUR 2019). Malaysia’s ambitious plan for the SDGs to address climate
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change and GHG emissions could be achieved by developing adaptation strategies 
from the implementation of carbon trading projects. The energy sector constitutes 
an important mitigation factor in ensuring access to sustainable development. 

This study has several limitations, which have been controlled and minimised to 
ensure the data’s quality is subject to the respondents’ perceptions, implying real 
data. Respondents are likely to rate their performance as favourable, as they want 
to present a good reputation and company image by reporting good performance 
(Zainuddin 2021). Thus, the researcher cannot objectively verify the interpretations 
and findings against the scenarios stated by the respondents. Data collection is time-
consuming and requires categorisation, recoding and objective scales to obtain the 
needed information from respondents. Moreover, as this study was conducted only in 
the Malaysian context, its generalizability is limited, as its findings might not apply 
to other developing countries. Due to time and cost constraints, this study doesn’t 
explore the sustainability performance between the Kyoto Protocol period and Paris 
Agreement that may affect other factors, such as political and international relations. 
However, the current study’s limitations provide room for improvement by other 
scholars in the future. 

Conclusion 

To mitigate climate change and meet the SDGs, effective climate change-related 
planning and management must be provided, alongside support in the form of finance, 
technology, resources and capacity building for better mechanisms and approaches. 
Governments and private sectors around the world are adopting ambitious sustainable 
development goals. However, transformation must follow a certain pace and scale in 
the process of achieving major long-term changes to reduce GHG emissions. 

In Malaysia, carbon trading development in areas where CDM or any VCM 
projects exist has gained significant ground and power. A growing body of research 
with ambitious climate action strategies and well-managed procedures will benefit 
sustainable development and contribute to Malaysia’s economic growth, creating a 
sustainable future. Despite this, Malaysia’s climate action remains limited. It must 
establish a comprehensive and ambitious climate action system for sustainability 
to meet its NDC targets. In conclusion, carbon trading requires stronger environ-
mental policies, and natural resources and ecosystems must be managed respon-
sibly. Consumers and businesses are confronted with their environmental costs with 
a carbon price. In that sense, economic policies must be reoriented, which is still 
possible and compatible with market functioning. Malaysian carbon trading should 
consciously use the market to help achieve sustainable growth and quality of life. 

The SDGs integrate direct and indirect measures to determine carbon trading 
capacity. Regulators and governments must actively partner with businesses to 
promote more sustainable production that fosters innovation. Carbon trading and 
market-based instruments are important because they can foster competition, 
creativity and innovation among businesses to achieve environmental and social
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goals. Government support is needed to streamline policies and dismantle those that 
hinder sustainable development. Carbon trading project development will take time 
until the right framework is in place. This is because the process needs to be made 
less complicated and fit the local market. Changing how the market works helps 
people become more aware of and knowledgeable about a better policy framework 
for the good of society. 

This research contributes to the body of literature in multiple ways. The study 
extends our knowledge of the issues relating to climate change and mitigation poli-
cies. Carbon trading has derived some lessons, and the industry has to use these 
lessons to plan the process for shared prosperity. There is extensive space and inputs 
to create carbon reduction opportunities. The value-added strategies that contribute 
to a company’s sustainability have to go beyond business networking and should be 
more exposed. Thus, despite carbon trading’s implementation within the geograph-
ical context to achieve the SDGs, a strategy such as domestic carbon trading imple-
mentation within states and sectors is one of the alternative strategies to increase 
economic development and create opportunities for introducing new technologies. 

While the economy and the environment are interconnected, both through the 
SDGs and to one another, participation in carbon trading fosters a deeper under-
standing of achieving sustainable development, in which the processes and connec-
tion chains should be fulfilled and addressed. It is critical to carry out the project 
not only because it benefits the environment but also because it connects society, 
human development and economic growth—and this is only the tip of the iceberg: 
there is a responsibility to create long-term jobs, improve development, end poverty 
and hunger and, of course, stop pollution. As business continues to be the most 
powerful force for economic and wealth creation, carbon trading can be used to 
pursue economic goals while also contributing to social goals. 
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Abstract India is one among the ten most affected countries due to climate risks 
according to Global Climate Risk Index 2021. Water is the principal channel by 
which climate change influence ecosystem, community’s well-being and livelihoods. 
Therefore, investments in water management has been received attention due its 
intrinsic ecological, economic and social values in the context of climate crisis. Equi-
table and efficient management of water resources requires science-led composite 
resources mapping, joint action and collective efforts among users, planners and 
policy makers in both planning and execution process. Besides, participation, owner-
ship and local governance in water resources management are linked to bottom-up 
approach and decentralized planning. However, maintaining the balance between 
supply and demand of water has been a challenging and complex issue. Use of appro-
priate water management tool which captures both supply and demand by mapping 
the key water challenges in meeting demand and potential water actions for augmen-
tation helps to address the issue. The Composite Water Resources Management 
plan (CWRM) is a tool supports in scientific analysis on the gap between supply 
and demand and identify potential ways for augmenting the supply was piloted 
in India with the partnership of Ministries of Rural Development and Jal Shakthi 
with GIZ’s technical guidance at the lowest level. It has been tested in 1289 gram 
panchayats/villages in two districts of South India. The chapter explains the scien-
tific approach adopted using climate, socio-economic, water and agriculture based 
non-spatial and natural resources related spatial datasets. The multi-dimensional 
vulnerabilities, climate, land-use, micro-watershed, profile of soil and catchment 
area, surface and groundwater resources, irrigation and greywater and demand for 
human, agriculture and livestock for water budgeting were analyzed and appro-
priate water actions/climate solutions were identified using both spatial and non-
spatial datasets. The implementation process adopted participatory and convergence
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approach in which Mahatma Gandhi National Rural Employment Guarantee Scheme, 
a flagship developmental programme is the base converged with schemes of other line 
departments. The identified and implemented works are mapped with Sustainable 
Development Goals and India’s Nationally Determined Contributions to understand 
its role in national policies and targets. The chapter describes the process adopted in 
planning, implementation and engaging different actors/policy makers and expected 
impacts. 

Introduction 

The sixth assessment report of the Intergovernmental Panel on Climate Change fore-
warned that climate continues to be warmer with extreme events and trends and 
difficult to predict (IPCC 2021). India is placed in 10th position on Global Climate 
Risk Index, 2021 which confirms the high degree of exposure and vulnerability to 
changing weather patterns. The national climate change assessment report of 2021 
evidently shown the increased frequency and intensity of droughts between 1951 
and 2016. Besides, nuanced climate analysis between 1989 and 2018 confirmed the 
changes in frequency of dry days, rainy days and heavy rainfall days, particularly 
the increasing frequency of dry days (MoEFCC 2021). These climate risks have 
direct impact on water resources and widening the gap between supply and demand. 
Such climate risks are obvious from the highly variable and unpredictable rain-
fall patterns, extreme seasonal droughts and flooding, sea level changes and coastal 
salinity. Water is rightly acknowledged as driver of several climate disasters. As 
water is crucial to adapt and mitigate the adverse impacts of climate change, inte-
grating the importance of water for climate solutions in climate adaptation plans 
needs attention (Mauroner et al. 2021). As rightly highlighted by United Nations, 
water is the ‘climate connector’ among key targets for climate change—Paris Agree-
ment, Sustainable Development Goals—2030 agenda and Disaster Risk Reduction 
as per the Sendai Framework (UNESCO, UN Water 2020). The Global Adaptation 
Commission (2019) highlighted the need for investment in water resources manage-
ment as it is one of the five areas yield higher rate of economic returns, to the tune 
of more than 3:1 and 1.7 trillion net benefits apart from environmental and societal 
benefits. 

Currently, India is experiencing stark water stress condition. It is evident from 
declining per capita water availability from 5178 M3 in 1951 to 1544 M3 in 2011, esti-
mated to reduce further to 1174 M3 by 2051. Also, India’s water stress is evident from 
another global assessment study in which India is ranked 13 out of 17 extremely water 
stressed countries (WRI 2019). It means already more than 80% of the existing water 
in the country has been annually used. However, the severe water stress is primarily 
due to inadequate resource management measures between supply and demand rather 
than the physical shortage of water (Gulati et al. 2019). The “bottom-up” approaches 
in assessment have been evolved to address finer scale issues (Hegga et al. 2020). 
Since it is practical to understand local water systems, vulnerabilities, adaptive
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capacities and support in decisions involving relevant stakeholders. Besides, such 
decentralized, situation-specific planning is desirable to develop a composite anal-
ysis of water resources and plan for sustained outcomes and community participation 
(OECD 2015; UNESCO, UN Water 2020). 

On this line, the India’s National Water Policy, 2012 is envisaged to bring effi-
ciency and local ownership by promoting decentralized planning and social inclusive-
ness through engaging panchayat raj institutions and other local institutions. Further, 
it has provisions to operationalize the Integrated Water Resources Management 
(IWRM) guidelines in planning, development and management of water resources. 
In particular it emphasizes to adopt processes governing climate along with economic 
and social dimensions at different spatial scales ranging from local, regional and state 
(NWP 2012). Besides, the policy is in-line with the 1992 Dublin Statement on Water 
and Sustainable Development by fostering multi-stakeholder participation, one of the 
four pillars of IWRM. In this backdrop, the interventions to ensure water security and 
climate adaptation through strengthening the rural water resources assumes impor-
tance and GIZ has developed a programme—Water Security and Climate Adap-
tation in Rural Areas (WASCA) in 2019 (GIZ 2019). The programme piloted the 
CWRM framework which is a science led methodology embedded with participa-
tory approaches by promoting planning and decisions at the lowest units (administra-
tive/hydrological) engaging stakeholders in planning and implementation of water 
works as envisaged in the Dublin Statement on Water and Sustainable Development 
(ICWE 1992) and IWRM principles (Global Water Partnerships 2000). 

The chapter attempts to share the methods and processes of rural water resource 
management planning, and implementation to ensure water security and climate 
adaptation through science led bottom up planning. 

Methodology 

Identification of Climate Hotspots 

The process started with the scoping study to examine the rural water security from the 
climate lens with 18 biophysical and socio-economic indicators at the district scale 
(Palanivelu et al. 2019). These indicators are organized into four dimensions namely 
climate (changes in maximum and minimum temperature, changes in rainfall, excess 
and deficit rainfall years), water (ground water extraction and recharge, surface water 
availability, water gap and contamination) agriculture (area under rainfed, cropping 
intensity, soil moisture and evapotranspiration) and socio-economic (rural propor-
tion, multi-dimensional poverty index, source of drinking water within premises 
and proportion of marginal farmers) dimensions. It was further grouped into three 
areas: adaptive capacity, sensitivity and exposure indicators for the analysis. The data 
for each indicator is normalized, aggregated and prepared district-wise composite 
vulnerability index (CVI) and ranked to identify hotspot districts. Of the 38 districts,
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two districts with diverse agro-ecosystems were selected for piloting the CWRM 
planning tool (Palanivelu et al. 2019). 

Assessment of Key Water Challenges and Climate Resilient 
Action Tool 

The pilot adopted the CWRM planning tool (Purohit et al. 2020). The tool was 
prepared based on the principles of IWRM, climate science in identifying vulnerable 
hotspots, analysis of four waters namely surface water, ground water, soil mois-
ture and rain water and socio-economic context. The tool is operationalized at the 
lowest administrative (gram panchayat) and hydrological unit (micro watershed) in 
a catchment/watershed or sub-basin to develop and implement scientific plans. The 
plan consists of four main components, 115 non-spatial and 15 spatial data based on 
the key components of IWRM and climate adaptation framework. In particular, the 
spatial data provided evidence to understand the issues pertaining to land use and land 
cover (LULC), waste land, salt and erosion affected lands, drainage lines, ground 
water potential, lineament, geomorphology and slope for science-based decision on 
water actions. Table 15.1 and Maps 15.1, 15.2, 15.3, 15.4, 15.5, 15.6, 15.7, 15.8, 15.9, 
and 15.10 (illustrative example of one GP is provided) provides the use of different 
spatial data to identify the key water challenges along with the non-spatial data. 
The analytical framework used both spatial and non-spatial data on land use, water, 
soil characters, forest, agriculture including livestock, drinking water and grey water 
for characterizing the landscape and natural resources, and estimated water budget 
based on supply and demand at the lowest unit level. Based on the ground level chal-
lenges, water actions/climate solutions pertaining to each of the land-use category 
was identified.

Maps 15.1–15.10: Spatial maps of Kilapakam Gram Panchayat, Vandavasi Block, 
Tiruvannamalai District, Tamil Nadu in India. 

Water actions/Climate solutions: The comprehensive and holistic mapping of 
the key water challenges using the lens of eco-system approach enabled to iden-
tify innovative site-specific water action/works. It is categorized into public and 
common land (afforestation, soil and water conservation, improving the traditional 
water storage and catchment assets etc.), agriculture and allied sector (farm ponds, 
artificial recharge structures, on-farm plantation, irrigation methods, livestock— 
fodder development etc.) and rural infrastructure (safe drinking water and efficient 
handling of grey water). These water actions and climate solutions are identified in 
the field focusing on strengthening land use systems, rain water harvesting, storage 
and effective use of both surface and ground water, management of catchment areas to 
adapt/mitigate the extreme weather events including seasonal drought and flooding.
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Bottom-Up Planning for Water Resource Management 

The plan is used at different geographical scales depending on the need and functional 
use. GP scale is the starting unit used to identify works related to plantation, water 
harvesting, storing and efficient use, reduce soil erosion, improve water quality etc. 
At the next level, it is consolidated into block and district scale for administrative 
purposes and watershed/sub-basin on hydrological perspectives for climate proofing 
with appropriate water actions and climate resilient measures. The works proposed 
using CWRM planning is verified by the men and women and panchayat leaders at 
the GP level and approved in the village meeting. 

Approaches Adopted in Planning 

The process adopted a scientific and systematic approach for planning; four important 
approaches to bring holistic actions and sustainable climate solutions in the field are: 
adopting ecosystem, watershed based planning, capacity building of stakeholders 
and nature based solutions. 

Multi Stakeholder Partnership and Convergence in Planning 
and Financing 

The associated stakeholders at state, district and village level has been facilitated 
in analyzing the key water challenges and water actions. The key stakeholders are 
village communities and panchayat, Mahatma Gandhi Rural Employment Guarantee 
Scheme (MGNREGS) of Ministry of Rural Development (MoRD) and National 
Water Mission (NWM) of Ministry of Jal Shakthi (MoJS). Besides, Dept of Agricul-
ture and Animal husbandry and other line departments were the boundary partners. 
The climate solutions/water actions identified are based on the works specified in the 
MGNREGS and goals of NWM. The works initiated towards building infrastruc-
ture in both MGNREGS and NWM are supporting increased availability of water 
for ground water recharge, agriculture production—irrigation and drinking water. 
Ministry of Environment and Forest and Climate Change has recognized MGNREGS 
as one of the 24 critical initiatives in addressing climate change and livelihoods of the 
local community (MoRD 2021). The multi-stakeholder’s participation is facilitated 
through quarterly steering committee meetings at the district and state levels. Along 
with this block level local committees are formed to bring the available schemes, 
funds and other resources for effective implementation. Most importantly, the village 
level meetings with the men and women leaders are central to confirm the key water 
challenges and suitability of the proposed climate solutions.
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Study Sites 

Ramanathapuram District: It is a coastal district (Map 15.11a) highly water 
stressed and vulnerable to rainfall variations and saline soil conditions. This is one 
of the 117 aspirational districts in the country and agro-climatically it falls under 
southern zone in the state. The district is administratively divided in to 429 Gram 
Panchayats and 11 blocks.

Tiruvannamalai district: The second selected district is Tiruvannamalai, which 
is second largest district in the state (Map 15.11b). It is a mix of hill and semi-
arid agro-ecosystem, situated in the north eastern agro climatic zone. The district is 
divided in to 52 firkas, with 860 Grama Panchayats and 18 blocks. 

Results and Discussion 

The CWRM planning framework has analysed socio-economic, climate, water and 
agriculture vulnerabilities and mapped the identified the key water challenges at the 
GP level, using non-spatial and spatial datasets as mentioned in the methodology 
section. As an adaptation/mitigation measure to address the risks, appropriate water 
actions/climate solutions are identified scientifically to augment the water resources. 
The details are described at the district level. 

Ramanathapuram District 

Socio-Economic Vulnerability 

The sex ratio of the district is 961 which is far below the state average. The population 
density is 331 per sq.km with a proportion of higher (70%) rural population and 
marginal farmers (93%). Of the total population 22.05% belongs to SC and ST 
population who are socio economically vulnerable, mostly landless with less assets. 
The multi-dimensional poverty index is 0.63 which is high among other districts in 
state, with wider variation intra district variations at block level. Only 5.6% of the 
total population has access to safe drinking water. Among farmers, 82% of them 
are marginal farmers holding less than one hectare of land, which is 43% of total 
land in the district. In addition, of the total holdings, only 13% are from SC and 
ST communities. In MGNREG scheme access, only 75% of total job card holders 
are active. Of the total drinking water demand, 86% is met through ground water 
resources and remaining 14% is met by surface water sources. Increasing salinization 
of ground water is an area of concern in the district. It is estimated that 17.21 MCM 
grey water is generated annually and decentralised reuse and recycle strategies not 
adequate to meet the requirement.
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Map 15.11 Location of the study districts in Tamil Nadu, India
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Climate Vulnerability 

The average annual rainfall is 827 mm with high intraseasonal variation and North 
East Monsoon is the main rainy season, which depend more on cyclone and depres-
sions in sea. The soil is less productive and low in moisture content coupled with 
salinity. The existing vulnerability will be further exacerbated under changing climate 
scenarios in both mid (2050) and end century (2080). It is projected that there will 
be an increase in annual rainfall by 2050s and in 2080s it will be +1.0% with respect 
to baseline (1970–2000) of 821 mm along with sharp increase in both minimum and 
maximum temperatures. The average maximum temperature range in the district is 
predicted to be 1.83–2.51 °C mid century and 2.71–3.73 °C in end century. Simi-
larly, average minimum temperature in the district is predicted to be 1.56–2.20 °C 
mid century and increase would be of 2.39–3.23 °C (Palanivelu et al. 2019). 

Water Resources Vulnerability 

It has a distinctive ecosystem with a long coastline of about 280 km. There are 
seven watersheds and 914 micro watersheds covering an area of 5,54,570 Ha. These 
watersheds are spread across ten sub basins and three river catchments. Of the total 
914 micro watersheds, 253 are coastal micro watersheds covering 1,75,200 Ha in the 
district. The forest cover of the district is only 1.09% of total geographical area. The 
district has 1,476 km total length of natural drainage lines. The key issues are reduced 
storage area, siltation, damaged surplus weirs, leaking tank outlet, destabilized bunds 
and disconnected links between water bodies in tank cascades. The district has 1,344 
tanks and 3,883 ooranis (smaller water bodies) supporting 69,124 Ha of ayacut 
area for irrigation. There is 1,097 km length of main canal and 5,922 km length of 
minor canal systems. Further it has 423 km of distributaries and 1,576 km length 
of field channels in the distribution network. Most of the channels have issues of 
encroachment, siltation, reduced flow area, and lack of vegetation in the canal bunds. 

With regard to water quality, the major issue is increasing total dissolved salt (TDS) 
in six out of the eleven blocks that are located in the coastal area. Although the ground 
water is in safe category in general, salinity is increasing, which is evident from the 
recent data that out of 39 firkhas eight are saline (revenue unit). The pre-monsoon 
groundwater quality indicates high concentration of electrical conductivity, TDS, 
sodium and chloride along the coastal region, possibly due to the seawater intrusion 
in aquifers. In addition, high concentration of calcium in the groundwater, possibly 
due to existence of calcium rich minerals such as gypsum, limestone, etc. The Water 
Quality Index indicates that only 9% of groundwater is excellent, 24% each comes 
under the good and medium categories, 10% comes under poor and 33% under 
very poor quality. This could be attributed to seawater intrusion, and agricultural 
intensification using chemical. Seawater mixing index shows 30% of the groundwater 
samples are affected by seawater intrusion. 

In catchment types, district has 22.5% of total geographical area is under good 
catchment, 9.4% under average and 68.40% in bad catchments. While in surface
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runoff, bad catchment generates 45.24%, good at 37.64% and average at 17.12%. The 
total demand for water including human, agriculture and livestock is 27,362.97 HaM. 
Agriculture is the biggest user of water which is about 96%, only 2.4% for human 
and 1.6% for livestock. Of the sources, 79% is met through surface water while 
the remaining 21% is met by groundwater resources. The average annual volu-
metric soil moisture accounts to 52.15 TMC. The annual total evapotranspiration 
(ET) loss during 2018–2019 was 522 mm (monthly average of 43.5 mm). The average 
percentage area influences the water loss through ET in the district was 54% and the 
total annual losses due to ET alone 110 TMC in the district. 

Agriculture Vulnerability 

Of the total geographical area 31.35% of the land is under public and degraded 
land. With regard to ownership, 68.65% of land is under individual ownership, of 
which 21.85% is under fallow land other than current fallow and fallow land and 
only 46.80% of the total area is currently under cultivation. Of the cultivated area 
about 67% of the agriculture land is rainfed with low cropping intensity. 82% of 
the farmers are small farmers, predominantly cultivating paddy, chillies, millets, 
cotton and pulses. Under public and degraded land, the district has negligible area 
under permanent pastures, however have considerable number of small ruminants 
which are normally open grazed. Paddy is primary crop cultivated in 68% of total 
cultivated area, followed by chilli (8.81%), coconut (4.45%), other pulses (3.28%), 
Jowar (2.98%) and other crops in 8.81% of the area. Of the total crops, 42% is 
cultivated under irrigated condition and 58% is under rainfed cultivation. The total 
water demand for agriculture is 1,47,696 HaM. Paddy, being a predominantly culti-
vated, 41.06% of the area is under irrigation and remaining 58.94% is under rainfed 
cultivation. With reference to water requirement, of the total water needed for culti-
vation paddy consumes more than 82% of the total water used for irrigation, 82% is 
through surface water resources followed by remaining 18% through ground water 
resources. 

It has diverse soil types namely clay, coastal alluvium, sandy loam, alluvium, 
sandy and red soil clay, and black cotton. Predominant soil type is clay occupying 45% 
of the total cultivated area of the district followed by coastal alluvial soil to an extend 
of 17% in the northern part of the district (17%). Remaining area is characterized 
by sandy loam in 15% of the total area. Among the major nutrients, nitrogen and 
phosphorus are very low to low category in the total number of soil samples tested, 
while potassium is medium to high. Also, the content of the organic carbon also ranges 
between very low to low category. This indicates that the soil fertility is very poor 
and further intensive practices make soil more vulnerable to soil erosion and land 
becomes degraded over a period of time. While micro nutrients such as zinc and 
boron are deficient in more than 58 to 85% of the soils tested and 70% of the soils 
are moderately acidic to moderately alkaline in nature.
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The increasing salinity of soil is severely affecting the productivity of main 
crops and affecting the on-farm livelihoods of farmers and employment opportu-
nities for landless labourers, especially women. The predominant type of irrigation 
is controlled flooding, and gravity is the main type in canalfed areas. The total area 
under irrigation in the district is 64,394 Ha, of which 82% is irrigated through surface 
water stored in the tanks/lakes while remaining 18% is through ground water using 
open/tube wells. The changing rainfall pattern, extreme events and long dry spells are 
adversely affecting the agriculture production along with the changes in the quality 
of land and soil. 

Tiruvannamalai District 

Socio-Economic Vulnerability 

The sex ratio is 994 which is far below the state average. About 80% of the population 
live in rural areas and multi dimensional poverty index is 0.53 which is very high 
within the state. The population density is 398 per sq.km with a proportion of higher 
(70%) rural population. The share of scheduled caste is 23.00% with a minimum 
percentage of tribal population (3.70%) who are socio-economically marginalized 
and vulnerable, mostly they are landless and own very less assets. Among farmers, 
81% of them are marginal farmers holding less than one Ha of land and hold only 47% 
of the total land in the district. In addition, of the total holdings only 12% are from SC 
and 2% ST communities. With reference to access to employment guarantee scheme, 
only 74.66% of the total job card holders are active in status. Of the total drinking 
water demand 85% is met through ground water resources and remaining 15% is 
met by surface water sources. However, the ground water sources are increasingly 
getting saline due to salt water intrusion. It is estimated that the households generate 
39.95 MCM grey water annually and reuse and recycle structures are inadequate. 

Climate Vulnerability 

There has been changes in the maximum and minimum temperature as well as rainfall 
quantity compared the annual normal (1970–2000) of the district. The annual rainfall 
of the district is 1041 mm, the estimated projections for the period is there will 
be a decrease in 5 and 4% rainfall in both mid and end century. With regard to 
maximum temperature, it will increase upto 2.1 °C mid-century. For End-century, 
this increase would be of 3.2 °C. While the average minimum temperature in the 
district is predicted to 2.4 °C mid-century and 3.7 °C increase in end-century.
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Water Resources Vulnerability 

The district has 1,847 micro watersheds and 13 watersheds spread across 15 
sub basins and three river catchments covering an area of 879,431 Ha. It has 
3,787 ponds and 1,966 tanks with 767 km length of field channels for irrigation. 
The key issues are ownership and encroachments, siltation, repaired surplus weirs 
and denuded bunds with high degree of erosion. Similar to Ramanathapuram district, 
here also most of the supply channels are encroached and silted with reduced flow 
area and destabilized bunds. The ground water recharge is very low in the district, 
more than 71% of the blocks are under over exploited category and fluoride and 
nitrate contamination is high. The total runoff is 108,066 HaM. The total demand 
for water including human, agriculture and livestock is 257,647 HaM. Among the 
total water demand, agriculture is the biggest user of water which is about 98%, 
only 1.4% for human and 0.6% for livestock. With reference to the sources, on 
the total demand, 88% is met through ground water while the balance proportion 
of 12% is met by surface water resources. The average annual volumetric soil mois-
ture stored in soil accounts to 84.93 TMC, which is almost equal to the amount of 
surface runoff. While the Annual total ET loss during 2018–2019 was 805 mm. The 
average percentage area influences the water loss through ET in the district was 44% 
and the total annual losses due to ET alone 160,654 HaM in the district. 

Agriculture Vulnerability 

In the district, 27.05% of the land is under public and degraded land. With regard 
to ownership, 72.90% of the land is under individual ownership, of which 30.7% is 
under fallow land other than current fallow and the fallow land and only 42.18% of 
the total area is currently under cultivation. The area under irrigation is 69% while 
remaining 31% of total cultivated area is under rainfed. The gross area under culti-
vation is 166,289 Ha. and the cropping intensity is 136%. Paddy and sugarcane, the 
high-water requiring crops are the primary crops followed by groundnut, vegetables 
and flowers. Paddy is the primary crop cultivated in 39% of total area cultivated 
followed sugarcane and vegetables. Of the total water used for irrigation, 88% is 
through surface water resources and 12% through ground water resources. Under 
public and degraded land, district has negligible area under permanent pastures, 
however considerable number of small ruminants which are normally open grazed 
are recorded. The soil is red loamy to silt and clay depending on the slope. The 
district has high number of small and marginal farmers of 94.7%. Predominant soil 
type is clay occupying 65% of the total cultivated area of the district followed by red 
and loamy soil. With reference to macro nutrients, nitrogen and phosphorus are very 
low to low category in the total number of soil samples tested, while potassium is 
medium to high. Also, the content of the organic carbon also ranges between very low 
to low category. This indicates that the soil fertility is very poor and further intensive 
practices make soil more vulnerable to soil erosion and land becomes degraded over 
a period of time. Similarly, important micro nutrients such as manganese, zinc and
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boron are deficient in more than 54–91% of the soils tested. With reference to the 
soil physical condition 70% of the soils are moderately acidic to moderately alka-
line in nature. Controlled flooding is the predominant type of irrigation irrespective 
of the sources and ground water is the main source for agriculture through open 
and tube wells. Besides cropping, the main livestock species are goat, sheep, cow 
and poultry. The total water demand for livestock in the district is 7,647 HaM, of 
which 42% is through ground water and 58% through ground water. 

Water Actions/Climate Solutions for Building Water 
Resilience 

The deeper understanding on the multiple dimensions of the vulnerabilities in water 
resources management, enabled to identify contextualized water actions or climate 
solutions for augmenting the water resources. While identifying the water actions, 
watershed principles was adopted. These works proposed are divided into three cate-
gories: public and common land, agriculture and allied activities and common rural 
infrastructures for both the districts (Tables 15.2 and 15.3 and Map 15.12). These 
climate solutions are comprehensively identified addressing ‘reduce, respond and 
restore’ approach in climate risk management. These solutions include short-term 
to long-term benefits. Of the solutions, rainwater harvesting, storage and recharge 
supports in reducing risk and build resilience for water. In both the districts suit-
able soil and water conservation actions are identified such as drainage line treat-
ments, restoration of water bodies and supply channels, land management tech-
nologies like continuous contour bunds, trenches, compartmental bunding with 
vegetation. Similarly, another nature based activities that are cost effective and 
sustainable in conservation of natural resources and dealing climate risks such as 
flooding/drought/extreme events are vegetation cover. The roots of these trees serve 
as sponges to recharge water in the below soil during precipitation and improve 
ground water and reduce surface runoff and flooding. Several innovative methods 
of improving the vegetation cover such as afforestation, silvi-pasture, farm bund 
plantation, agro-forestry, dry land horticulture etc. Tropical cyclones and high winds 
are addressed through shelter belt plantation with locally suitable tree species and 
restoring mangrove plantation with diverse species. Such nature-based solutions help 
to address issues related to sea water intrusion and sea erosion in coastal habitations.

The cumulative impacts of different water actions/climate solutions undertaken in 
reducing the vulnerability and building resilience of local communities are provided 
below. The GP based planning and integration at the block and watershed/sub-
basin levels enable to adopt ecosystem approach in promoting nature-based solu-
tions. These impacts are envisaged at the end of the three years of implementation 
by adopting saturation and convergence approach in mobilizing necessary finance, 
knowledge and technologies.
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Table 15.2 List of climate solutions proposed in Ramanathapuram district and links with climate 
vulnerability, SDG and INDCs 

S. 
No. 

Climate solutions proposed No. of 
works 

Climate 
vulnerability area 
influenced 

INDCs SDGs 

CWRM Water Action 1. Public and common land development 

1 Afforestation 11,217 Climate, Water 
Resource and 
socio-economic 

1. To better 
adapt to 
climate 
change by 
enhancing 
investments 
in sectors 
vulnerable to 
climate 
change, 
particularly 
water 
resources 
2. To create 
an additional 
carbon sink 
of 2.5 to 3 
billion tonnes 
of CO2 
through 
additional 
forest and 
tree cover by 
2030 

SDG 
1,2,6,13&15 

2 Contour Continuous Bunds 43,894 Water Resource SDG 
1,2,6,13&15 

3 Composting 11,931 Water Resources SDG 1&6 

4 Drainage Line Treatment 23,248 Water Resource SDG 1&6 

5 Silvi-pasture Development 191 Agriculture, 
Climate and 
Socio-economic 

SGG 
6,12&13 

6 Linear Plantation 754 Climate, Water 
Resources and 
socio-Economic 

SDG 
1,2,6,12&13 

7 Avenue plantation 1,801 Climate, Water 
Resource and 
socio-economic 

SDG 1,6&13 

8 Block Plantation 29,487 Climate, Water 
Resource and 
socio-economic 

SDG 1,6&13 

10 Restoration of water 
bodies: (a) Tanks 

1,344 Water Resource, 
agriculture and 
Socio-economic 

SDG 1,6&13 

11 (b) Ooranis 3,883 SDG 1,6&13 

12 Restoration of water 
bodies (c) Ponds 

47 Water Resource, 
agriculture and 
Socio-economic 

SDG 1,6&13 

13 Artificial Recharge 
Structure 

4,627 Water Resource, 
agriculture and 
Socio-economic 

SDG 1,6&13 

14 Canal Bund Plantation 2,618 Water Resource, 
agriculture and 
Socio-economic 

SDG 1 &15 

15 WC—Irrigation 
channels—Desilting 

157,589 Water Resource, 
agriculture and 
Socio-economic 

SDG 1,6&13 

16 WC—Irrigation 
channels—canal side 
plantation 

157,589 Climate, Water 
Resource and 
socio-economic 

SDG 1,6&13

(continued)
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Table 15.2 (continued)

S.
No.

Climate solutions proposed No. of
works

Climate
vulnerability area
influenced

INDCs SDGs

17 Agro forestry 1,614 Climate, Water 
Resource and 
social 

SDG 
1,6,13&15 

18 Check dam 27 Climate and 
Socio-economic 

SDG 
1, 6,13&15 

19 Mangrove plantations 135 Climate and 
Socio-economic 

SDG 
1,6,13&15 

20 Fish Drying Yard 34 Socio Economic SDG 
1,6,13&15 

21 Nursery development 12 Climate and 
Socio-economic 

SDG 
1,6,13&15 

22 Shelter belts 16 Water Resources 
and Climate 

SDG 
1,6,13&15 

23 Coastal wetland—Bund 
strengthening 

22,579 Water Resources 
and Climate 

SDG 
1,6,13&15 

24 Bund Plantation wet lands 10,964 Water Resources 
and Climate 

SDG 
1,6,13&15 

25 Wetland plantation (inner) 133 Water Resources 
and Climate 

SDG 
1,6,13&15 

26 Wetland Inlet improvement 
works 

2,856 Socio Economic SDG 
1,6,13&15 

Sub Total 488,590 

CWRM Water Action 2: Agricultural and allied Sector development 

1 Farm Bunding 32,926 Water Resources, 
Agriculture 

For better 
adaptation to 
climate 
change by 
enhancing 
investments 
in sectors 
vulnerable to 
climate 
change, 
particularly 
agriculture 
and allied 
activities 

SDG 1,2&6 

2 Micro Irrigation 3,081 Water Resources, 
Agriculture and 
Climate 

SDG 1,2&6 

3 Construction of farm ponds 10,084 Water Resources, 
Agriculture and 
Climate 

SDG 2&6 

4 Land development 12,668 Agriculture and 
socio economic 

SDG 2&6 

5 Nursery 
Development—Plantation 

9,769 Agriculture and 
Socio Economic 

SDG 2&6

(continued)
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Table 15.2 (continued)

S.
No.

Climate solutions proposed No. of
works

Climate
vulnerability area
influenced

INDCs SDGs

6 Cattle Shelters 2,329 Agriculture, 
Water Resources, 
Socio-Economic 
and Climate 

SDG 2,6&13 

7 Goat Sheep Shelters 19,385 Agriculture and 
Water Resources 

SDG 2&6 

8 Fodder development for 
cattle 

2,329 Socio Economic 
and Climate 

SDG 1,2&6 

9 Azolla units 2,329 Socio Economic SDG 1&2 

10 Cattle trough 2,329 Socio Economic SDG 1&2 

11 Poultry shed 5,949 Agriculture and 
Socio Economic 

SDG 1&2 

12 Dry land 
Horticulture/Agro-forestry 

16,460 Agriculture and 
Socio Economic 

SDG 1&2 

13 Vermi compost 2,329 Water Resources 
and Socio 
Economic 

SDG 1&2 

Sub Total 121,966 

CWRM Water Action 3: Rural Water Management 

1 Soak pits (Community) 3,895 Water Resources 
and 
Socio-Economic 

To better 
adapt to 
climate 
change by 
enhancing 
investments 
in sectors 
vulnerable to 
climate 
change, 
particularly 
water 
resources 

SDG 1,2&6 

2 Soak pits (Individual) 38,985 Water and 
Socio-Economic 

SDG 1,2&6 

3 Roof-rain water harvesting 
in common buildings 

858 Water Resources SDG 2&6 

4 Tanka—community 2 Water resources, 
socio-economic 

SDG 2&6 

Sub Total 43,740 

District Total 654,296

Actions to Improve Socio-Economic Equality 

Addressing the socio-economic vulnerability depends on how vulnerability issues 
are addressed in other three themes. As a first step, it is proposed to invest actions 
in asset creation for SC and ST households and female headed households with 
high priority. Also, priority action areas include access to safe drinking water, land
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Table 15.3 List of climate solutions identified in Tiruvannamalai district and links with climate 
vulnerability area, SDG and INDCs 

S. 
No. 

Climate solutions 
proposed in 
Tiruvannamalai district 

No. of 
works 

Climate 
vulnerability 
area influenced 

INDCs SDGs 

CWRM Water Action 1. Public and common land development 

1 Afforestation 18,771 Climate, Water 
Resource and 
socio-economic 

1. To better 
adapt to climate 
change by 
enhancing 
investments in 
sectors 
vulnerable to 
climate change, 
particularly 
water resources 
2. To create an 
additional 
carbon sink of 
2.5–3 
billion tonnes of 
CO2 through 
addition al 
forest and tree 
cover by 2030 

SDG 
1,2,6,13&15 

2 Contour Continuous 
Bunds 

46,771 Water Resource SDG 
1,2,6,13&15 

3 Composting 12,331 Water Resources SDG 1&6 

4 Drainage Line Treatment 13,071 Water Resource SDG 1&6 

5 Silvi-pasture Development 2,841 Agriculture, 
Climate and 
Socio-economic 

SGG 
6,12&13 

6 Linear Plantation 60 Climate, Water 
Resources and 
socio-Economic 

SDG 
1,2,6,12&13 

7 Avenue plantation 57 Climate, Water 
Resource and 
socio-economic 

SDG 
1,6&13 

8 Block Plantation 8,233 Climate, Water 
Resource and 
socio-economic 

SDG 
1,6&13 

9 Restoration of water 
bodies: (a) Tanks 

1,966 Water Resource, 
agriculture and 
Socio-economic 

SDG 
1,6&13 

10 (b) Ponds 3,787 SDG 
1,6&13 

11 Artificial Recharge 
Structure 

26,113 Water Resource, 
agriculture and 
Socio-economic 

SDG 
1,6&13 

12 Canal Bund Plantation 23,839 Water Resource, 
agriculture and 
Socio-economic 

SDG 
1,6&13 

13 WC—Irrigation 
channels—Desilting 

3,949 Water Resource, 
agriculture and 
Socio-economic 

SDG 1&15 

14 WC—Irrigation 
channels—canal side 
plantation (Mtr) 

3,949 Water Resource, 
agriculture and 
Socio-economic 

SDG 1&15 

Sub Total 165,738

(continued)
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Table 15.3 (continued)

S.
No.

Climate solutions
proposed in
Tiruvannamalai district

No. of
works

Climate
vulnerability
area influenced

INDCs SDGs

CWRM Water Action 2: Agricultural and allied Sector development 

1 Farm Bunding 14,099 Water 
Resources, 
Agriculture 

For better 
adaptation to 
climate change 
by enhancing 
investments in 
sectors 
vulnerable to 
climate change, 
particularly 
agriculture and 
allied activities 

SDG 1,2&6 

2 Micro Irrigation 1,451 Water 
Resources, 
Agriculture and 
Climate 

SDG 1,2&6 

3 Construction of farm 
ponds 

9,482 Water 
Resources, 
Agriculture and 
Climate 

SDG 2&6 

4 Land development 22,483 Agriculture 
&socio 
economic 

SDG 2&6 

5 Nursery Development 2,303 Agriculture and 
Socio Economic 

SDG 2&6 

6 Cattle Shelters 36,428 Agriculture, 
Water 
Resources, 
Socio-Economic 
and Climate 

SDG 
2,6&13 

7 Goat/Sheep Shelters 17,649 Agriculture and 
Water Resources 

SDG 2&6 

8 Fodder development 27,091 Socio Economic 
and Climate 

SDG 1,2&6 

9 Azolla units 33,669 Socio Economic SDG 1&2 

10 Cattle Trough 30,453 Socio Economic SDG 1&2 

11 Poultry shed 26,006 Agriculture and 
Socio Economic 

SDG 1&2 

12 Dry land 
Horticulture/Agro-forestry 

24,892 Agriculture and 
Socio Economic 

SDG 1&2 

13 Vermi compost 37,889 Water Resources 
and Socio 
Economic 

SDG 1&2 

14 Construction of new well 27,960 Agriculture, 
Water 
Resources, 
Socio-Economic 
and Climate 

SDG 1,2&6 

Sub Total 311,855

(continued)
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Table 15.3 (continued)

S.
No.

Climate solutions
proposed in
Tiruvannamalai district

No. of
works

Climate
vulnerability
area influenced

INDCs SDGs

CWRM Water Action 3: Rural Water Management 

1 Soak pits (Community) 16,547 Water Resources 
and 
Socio-Economic 

To better adapt 
to climate 
change by 
enhancing 
investments in 
sectors 
vulnerable to 
climate change, 
particularly 
water resources 

SDG 1,2&6 

2 Soak pits (Individual) 49,167 Water and 
Socio-Economic 

SDG 1,2&6 

3 Roof-rain water 
Harvesting in common 
buildings 

4,640 Water Resources SDG 2&6 

Sub Total 70,354 

District Total 547,947 

Fig. 15.12 Illustrative example of climate solutions identified for Kilapakkam GP in Tiruvanna-
malai district in Tamil Nadu, India
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Table 15.4 Expected socio-economic impacts from the identified water actions 

Sl. No. Impact indicators Ramanathapuram Tiruvannamalai 

1 Number of waste 
management systems 

3,895 community 
and 38,985 individual level 
soak pits 

16,547 community 
and 49,169 individual level 
soak pits 

2 Roof rainwater harvesting 
and 
storagemeasures established 

858 units 1640 units 

3 No. of tankas planned Two Not suitable 

4 Nutri gardens established 390,750 households 472,845 households 

5 Number of vulnerable 
families benefitted through 
plantation 

40,704 vulnerable families 
guaranteed employment 
for three consecutive years 

45,477 vulnerable families 
guaranteed employment 
for three consecutive years 

development, creating additional employment days, explore the possibility to bring 
skilled jobs especially for women. Besides, marginal farmers are targeted in the 
individual assets’ creation including plantation, farm ponds, compost pits etc. 

There is a need to ensure a minimum of 100 days of employment in MGNREGS 
scheme, in which increasing active job holders to the total job cards registered in the 
village as a key strategy to increase work participation rate in rural areas. Here also 
focus is given to individual assets creation which facilitate men and women to access 
employment opportunities. Also, by encouraging skilled works, unemployed rural 
youth’s participation can be motivated in climate solutions. With regard access to safe 
drinking water, actions to improve availability by roof rainwater harvesting at both 
community and individual houses, models like tanka, restoring the traditional water 
bodies with low cost, simple water treatment plants etc. which further ensure their 
access to drinking water and also here convergence under Jal Jeevan Mission (JJM) 
helps to meet the gaps in the rural areas. For grey water management, the concept 
of soak pit is promoted both under community, and individual category. In addition, 
nutria-gardens are promoted to reuse grey water and improvement to existing drains 
are essential for safe disposal (Table 15.4). 

Actions to Build Climate Resilience 

The specific climate risks pertinent to local ecosystems are addressed through 
following innovative context-based climate resilient models in both the districts 
(Table 15.5) which are expected to provide specific impacts.

Ramanathapuram district:

1. Coastal watersheds—focus on wetland management, sand dune development, 
creek and other water bodies restoration, coastal plantation etc. 

2. Community level tanka—safe rain water storage structure
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Table 15.5 Number of vulnerable blocks and climate resilient measures proposed 

Sl. No. Impact indicators Ramanathapuram Tiruvannamalai 

1 Number of vulnerable 
blocks (Area of Interest) 
identified in each district 

11 blocks with selected GPs 18 blocks with selected GPs 

2 Number of climate 
resilient measures 
identified 

11 models 11 models

3. Plantations—Mini forest, silvi-pasture, agroforestry—dryland horticulture 
4. Degraded land restoration—community level village based integrated farming 

system models with a focus to horticulture, millets, pulses etc. 
5. Nurseries at block and regional level mini nurseries with locally suitable tree 

species 
6. Avenue plantation on both the sides of the roads to reduce the soil erosion 
7. Cascade of tanks—for effectively facilitating the excess water 
8. Kottakariyar river rejuvenation—includes tank cascades, artificial recharge 

structures and check dams 
9. River bank stabilization through plantation with diverse tree species to arrest 

breakage and flooding and 
10. Coastal shelter belts with non-mangrove and mangrove species. 

Tiruvannamalai district: 

1. Greening of Hillocks to reduce land degradation and soil erosion 
2. Agroforestry and Integrated farming systems for strengthening the recycling of 

water, improve soil and land management 
3. Silvi-pasture development 
4. Dry land agriculture/ horticulture for fallow land restoration 
5. Nursery raising with locally relevant tree species for plantation 
6. Cascade Tanks 
7. River Rejuvenation for recharging the aquifers 
8. Farm ponds for in-situ water harvesting and use 
9. Spring sheds in the hilly areas 
10. Bamboo cultivation in public lands and 
11. Recharge Shaft—Borewell recharge structures. 

Actions to Restore Water Resources

● Watershed profile including the natural drainage lines: The finer scale mapping 
and deeper understanding on the issues supported to practice suitable actions. 
The approach adopted ridge to valley treatment in watershed by analysing micro 
watersheds and drainage lines along with other land use.
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Table 15.6 Expected impacts on water resources from the identified water actions 

Sl. No. Impact indicators Ramanathapuram Tiruvannamalai 

1 Number of water bodies 
restored 

7,561 number of traditional 
water bodies restored 

5,264 number of traditional 
water bodies restored 

2 Area under afforestation 40,704 Ha brought 
under tree cover 

26.8% brought under tree 
cover 

3 Area under linear 
plantation (tank bunds 
and avenue) 

2,555 km length of linear 
plantation established 

2,641 km length of linear 
plantation established 

4 Percentage reduction in 
the annual surface runoff 

219.38 MCM runoff 
harvested and stored 

407 MCM runoff harvested 
and stored 

5 Proportion of total 
geographical area treated 
under WASCA 

19% 29% 

6 Drainage line treatment 1476 km length treated 8,488 km length treated 

7 Area under silvi-pasture 
development 

191 Ha 2907 Ha 

● Existing water recharge or storage structures and canal networks: The restoration 
of water storage structures includes deepening and de-silting of active storage 
areas, providing silt traps at inlets, bund strengthening and planting as well as 
weir repair and construction of sluices, restoring the connecting channels of tanks 
to establish cascade links are significant actions.

● Status of the ground water: Artificial recharge structures both at common and indi-
vidual lands, check dams, check walls, percolation tanks, sunken bunds, contour 
bunds, water absorption trenches, compartmental bunds etc.

● Run-off management: The catchment profile-based planning is proposed by 
assessing the type of land and its current and past use pattern with the 
categorization of good, average and bad catchment.

● Water demand estimation: Sector wise water demand is worked out namely 
human, livestock and agriculture sectors

● Water budgeting: The water budget is estimated using surface runoff water, ground 
water, soil moisture and evapotranspiration with water demand for different 
sectors (Table 15.6). 

Adaptation Measures in Agriculture

● Soil health management: Measures that improve soil fertility as well as conser-
vation were proposed including composting, bund plantation with fast growing 
nitrogen fixing plants and mulching, Farm bund with trench cum bund to allow 
excess water flow out of the farmland, improve moisture conservation and have 
better drainage are few important illustrations
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● Landscape based water actions: Actions for each of the land types—common 
and individual with a set of logics were applied to identify the potential areas 
for actions in each of the land use types. Through these measures 19% of the 
additional area has been proposed under WASCA with different soil and water 
conservation actions

● Crop cultivation: Diversification of cropping system with low water requirement 
crops and cropping systems, promoting crop intensification with inter/mixed crops 
and agro forestry etc. and increasing the water use efficiency within the field

● Livestock resources: Forage needs are crucial for livestock as both the districts 
have limited scope for irrigation to raise grasses under irrigated conditions: hence 
focus is given to actions such as silvi-pasture, agro-forestry with trees having 
forage value, azolla, promoting good rearing practices by ensuring infrastructures 
like sheds, troughs, composting units etc.

● Irrigation profile: Improve the conveyance efficiency by restoring the supply chan-
nels, promoting improved irrigation methods including micro irrigation, alternate 
wetting and drying in paddy etc. (Table 15.7)

Linkages with SDGs and INDCs 

Climate change is of global issue and closely linked to lives and livelihoods of human 
and environment. The changes are quite dynamic requires constant adaptation and 
actions to mitigate the reduction of GHGs. The current level of actions to combat 
the climate risks are not sufficient to meet the increasing challenges such as from 
highly unpredictable rainfall, rising temperature and sea level, increasing tropical 
cyclones and low depression in oceans. Although adaptation measures are on-going, 
need more innovative frameworks that works at scale with the participation of asso-
ciated stakeholders. Paris Agreement 2016 provided such framework to the countries 
at global level and reflect such climate solutions in Nationally Determined Contri-
butions. At national and state level, National Action Plan on Climate Change and 
Tamil Nadu State Action Plan on Climate Change has been developed integrating the 
local context and advocated short, medium- and long-term actions. Different water 
actions developed to promote adaptation and mitigation strategies have been mapped 
and potential links with climate vulnerability, SDGs, and INDCs were carried out 
(Tables 15.2 and 15.3). The mapping helps to understand and prioritize the climate 
actions which has more weightage to address climate change issues and at same time 
ensure water resilience. 

Convergence and Financing 

The bottom up CWRM plan aims to achieve “Climate Resilience for Future Liveli-
hoods” through the climate solutions by working closely with MGNREGS and
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Table 15.7 Expected impacts in Agriculture and allied activities from identified water actions 

Sl. No. Impact indicators Ramanathapuram Tiruvannamalai 

1 No. of structures 
established for on-farm 
(in-situ) water harvesting 
in dry lands 

10,084 farm ponds 
established in dry lands 

9,482 farm ponds 
established in dry lands 

2 Reducing area under 
fallow lands 

84,537 Ha of fallow land 
restored for 
cultivation (22% of total 
geographical area) 

1,41,370 Ha of fallow land 
restored for cultivation (31% 
of total geographical area) 

3 Improvement in soil 
health—with saturation 
approach 

2329 vermi compost units 
12,268 Ha land improved 
through silt application, 
32,926 Ha area improved 
by farm bunds cum trench 
and planting, 16,149 Ha 
area covered under 
mulching and 12,668 ha of 
area improved under land 
development 

37,889 vermi compost 
units, 22,483 Ha land 
improved through silt 
application, 14,099 Ha area 
improved by farm bunds 
cum trench and 
planting, 52,989 Ha area 
covered under mulching 

4 Area covered under micro 
irrigation for improved 
water use efficiency 

7,700 Ha area adopting 
micro irrigation practices 

20,143 Ha area adopting 
micro irrigation practices 

5 Number of 
vulnerable households 
benefitted through fodder 
and azolla cultivation 

19,170 vulnerable 
households established 
fodder and 2,329 units 
of Azolla production 

27,091 vulnerable 
households established 
fodder and 33,669 units 
of Azolla production 

6 Area brought 
under agro-forestry—dry 
land (unirrigated) land use 
category 

1,16,332 Ha 24,892 Ha

NWM, the key stakeholders of WASCA. Apart from these, the works under WASCA 
are closely linked with Ministry of Agriculture and Farmers Welfare and Ministry of 
Environment and Forest and Climate Change. The identified works under each of the 
categories are primarily mapped with MGNREGS at first level for implementation 
under its 100 days of guaranteed employment in rural areas. Following this, other 
potential schemes/projects of line departments are linked under convergence action 
keeping MoRD at the centre. Under MGNREGS a detailed link between listed works 
and climate change has been mapped to identify and explain how different works 
are promoting both adaptation and mitigation measures at individual and commu-
nity level. The convergence among the line departments has been closely facilitated 
both at the state and district levels through state/district steering committees as well 
as structured meetings under the leadership of MoRD representative (Table 15.8). 
These convergence planning is facilitated for two areas: knowledge sharing and 
funding across different actors.
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Table 15.8 Indicative areas of convergence for implementing the proposed works 

S. No. Name of the department Areas of convergence 

1 Public Works—Water Resources 
Organization and Central Ground Water 
Board 

Traditional water harvesting structures 
restoration, Canal network improvements 

2 Agriculture Fallow land—individual development, 
IFS and Water management—Micro 
irrigation 

3 Agriculture Engineering Farm ponds and Micro watersheds 

4 Horticulture Dry land horticulture—fallow land dvt, 
crop diversification with reduced WR 

5 Forestry Plantations in public land 

6 Animal Husbandry Silvi pasture development in common 
lands, livelihood 
activity centres—technical support for 
fodder development in individual lands 

7 Fisheries Alternate livelihoods 

8 NABARD Horticulture Development and 
restoration of water bodies 

Concluding Remarks 

The CWRM framework and the process adopted in bottom-up planning for mapping 
vulnerabilities and relevant climate resilient actions are supportive to develop a plan 
keeping water at central stage. As the climate change issues are primarily revolving 
around water in rural areas especially on the impacts of water cycle and water related 
extreme events (Sadoff and Muller 2009), such an approach is significant and neces-
sary at this point of time to make decisions at grassroots level. The experiences sofar in 
the field are indicating its significance that the CWRM plan is a better tool and provide 
platform for the development agents to converge and facilitate climate solutions by 
leveraging the implementation with government developmental schemes. 

The identification of hotspots/areas of interest based on the vulnerability mapping 
and climate prediction at finer spatial scale and engagement with concerned stake-
holders added value to the CWRM plan as it has more relevance for decision making at 
the point of implementation. Such a process based, science driven framework helped 
to link policy and practice in operationalizing the climate resilience and water secu-
rity. The participatory process enabled the implementation of decentralized water 
governance from bottom up and paid more attention to building the capacities of 
local actors and systems to absorb the responsibilities and sustain it. The climate 
solutions proposed are having closely associated in contributing to several SDGs 
and address the commitments in Paris Agreement.
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Recommendation

● The works proposed in CWRM plan is mapped for two important international 
policies such as Paris Agreement as well as SDGs. However, considering the 
unpredictable climate risks, linking the analysis with Sendai framework of disaster 
risk reduction will help to bring the dimension of preparedness, reduction and 
restoration over the climate adaptation solutions.

● Access to reliable and timely availability of spatial and non-spatial data for the 
lowest planning unit are to be readily accessible to the planners at the village 
level.

● Continuous capacity building and concerted actions to implement the proposed 
water actions/climate solutions under convergence approach is essential to make 
a positive impact on water budget. 
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Chapter 16 
Innovative Ways to Mobilise Private 
Sector Capital in Climate Change 
Adaptation Investments in Developing 
Countries—Mechanisms 
and Forward-Looking Vision 
from Practitioners’ Standpoint 

Ayaka Fujiwara and Rajeev Mahajan 

Abstract Developing countries are faced with a unique challenge. In addition to 
adapting to the extreme climate change events that are affecting their economies 
and citizens, they are also striving for the economic, industrial, and social devel-
opment needed to lift their growing populations out of poverty. For this develop-
ment to be aligned to the new climate reality, private sector investment needs to 
contribute to both goals. While many governments are prioritising climate invest-
ments and sustainable growth, their efforts to increase private investment are often 
constrained by investor perceptions of high-risk and the insufficiency of local tech-
nical and financial structuring capacity and know-how. Though investors are inter-
ested in the opportunities offered by climate investment in developing countries, the 
underdeveloped investment environment often hinders the mobilisation of private 
capital, especially in relation to climate change adaptation. Such challenges have 
become even more pronounced in the aftermath of COVID-19. International and 
multilateral agencies such as Green Climate Fund can play a pivotal role in alle-
viating the risk perceptions of the private sector. Their role can include supporting 
governments to develop adaptation plans, developing mitigation projects with co-
adaptation benefits to enhance resilience, developing public–private partnerships in 
climate, demonstrating commercially viable investments through risk-sharing with a 
partner from the region, supporting a creation of a viable business model in climate 
adaptation projects. Another critical element during these critical times is preventing 
continued climate impacts. In this regard, supporting climate adaptation technologies 
through innovative blended finance structure and creating a conducive environment
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by familiarizing local financial institutions with lending to MSMEs will be crucial. 
Using relevant case-studies from the Green Climate Fund’s portfolio, this chapter 
explores how such mechanisms can be put into place and provides a forward-looking 
vision of what more can be done to promote private sector climate change adaptation 
investments on a sustained basis. 

Introduction 

Climate change is a global challenge. But its impacts differ hugely between 
developing and developed countries. 

Developing countries bear more damage from adverse climate impacts because 
of their lesser ability to cope with damage caused by severe climactic events, erratic 
weather patterns and rising sea levels. On the other hand, the developed countries 
are affected less, because of their higher capacity and available financing to manage 
any immediate climate events. In addition, the governments of developing countries 
are also faced with the challenge to deliver rapid economic and social develop-
ment to respond to the needs of their growing populations. In short, developing 
countries today face unique challenges, because they need to adapt to the extreme 
climate change events that are affecting their economies and citizens, while working 
on overall economic development in the country. It is particularly challenging for 
developing countries to respond to these challenges by public investments alone. 
Thus, private investments are increasingly becoming critical for countries to adapt 
to the new climate reality. 

It has been widely recognized—most recently at the 2021 COP26 in Glasgow— 
that the pledge to reach USD 100 billion in climate finance per year has not yet 
been met (Nature 2021). And the vast majority of climate finance is mobilized for 
mitigation goals, not for adaptation. The adaptation finance gap is still huge. While 
adaptation finance has gained momentum in 2019/2020, increasing 53% to an annual 
average of USD 46 billion from USD 30 million in 2017/2018, it still falls well short 
of investment in climate change mitigation, and is significantly below the estimated 
annual adaptation needs of USD 180 billion (Climate Policy Initiative 2021). 

Much more needs to be done, and the contribution of the private sector will be key 
to closing the adaptation gap. Against this backdrop, it would make a lot of sense 
for leveraging public money to facilitate risk taking by private sector investors in 
developing credible business models related to climate adaptation.
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Limitations of the Public Sector—Why Governments Alone 
Cannot Achieve Paris Agreement Targets on Their Own 

As the world struggles to emerge out of successive waves of the COVID-19, public 
finances are becoming increasingly strained. With supply chains broken and tax 
collection becoming increasingly erratic, governments around the world are increas-
ingly focusing on reviving their economies whilst shouldering the economic burden 
of pandemic induced healthcare costs. 

In this context, climate investments can be the worrying victim of the pandemic, 
although a green, resilient recovery gives the best opportunity to deliver benefits 
for both economic development and climate change. To prevent a slide towards 
an unsustainable future from a climate perspective, there is a growing recognition 
that if the governments cannot themselves invest substantial amount of capital, then 
the private sector could potentially play a critical role in plugging in the missing 
investments, towards the USD 100 billion target. 

Against this backdrop, governments will have to reimagine and recast their role 
by firstly recognising their fiscal constraints yet recognising their inherent capacity 
and capability to set the stage to enable private sector investments to come in. 

There is much discussion about barriers to climate adaptation and resilience invest-
ments. The World Bank Group in a recent report has identified key barriers impeding 
investments in adaptation and resilience. Firstly, while there is a recognition on the 
criticality of resilience investments, there is inadequate climate risk and vulnerability 
data and a general lack of information services at a country level, which collectively 
impedes investment decision-making (World Bank Group 2021). Secondly, despite 
a growing recognition for significant investments in adaptation and resilience, there 
is limited clarity on where private investment is needed to fill in investment gaps that 
governments or the public sector is not able to fill in, due to their fiscal and capacity 
constraints. 

Thirdly, critical from the private sector’s perspective is the perception of low 
returns on investment, that inhibits their investment appetite in the sector (World 
Bank Group 2021). 

The report also identifies ambiguous and restrictive regulatory frameworks as 
potential impediments to climate adaptation and resilience investments. 

Furthermore, it must be recognised that attracting investments into the climate 
adaptation and resilience space is not merely a climate challenge but also more 
fundamentally an investment challenge, requiring an integrated approach. 

Governments may require support in developing institutional capacity to address 
the barriers in a systematic and integrated fashion. These measures include adopting 
an interdisciplinary and integrated approach for building a suitable, conducive and 
predictable investment climate for attracting investments in the climate adaptation 
space. 

Setting up inter-ministerial and inter-departmental forums to work in a coordinated 
fashion can not only address the three aforementioned barriers, but could also remove 
bottlenecks and establish a conducive regulatory and investment environment. It is
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Table 16.1 Financing for 
adaptation and mitigation 
split by public and private 
sources (USD bn) 

Sources 2019 2020 2019/2020 Average 

Private 280 340 310 

Adaptation 0 2 1 

Mitigation 279 335 307 

Multiple objectives 1 3 2 

Public 343 300 321 

Adaptation 42 48 45 

Mitigation 288 240 264 

Multiple objectives 14 12 13 

Total 623 640 632 

Source Reproduced with permission from Climate Policy Initia-
tive. Original table from Climate Policy Initiative’s “Global 
Landscape of Climate Finance 2021”, directly quoted from Page 44 

only then that private sector investments will flow into the climate adaptation and 
resilience space on a sustained basis. 

The challenges surrounding private sector investments in the climate adaptation 
space are exemplified by the fact that in 2019–2020, only about 2 percent of adaptation 
funding came from corporations and institutional investors (Climate Policy Initiative 
2021). The dominant actors in adaptation finance are from public sector, with the 
main actors being the multilateral Development Financial Institution (DFI)s, national 
DFIs, governments, bilateral DFIs, multilateral climate funds (Table 16.1). 

A five-step approach has been identified for credible and sustained action to attract 
private sector investment in adaptation (World Bank Group 2021). This approach 
begins with support to develop long term adaptation strategies in coordination with 
international partners and agencies that have adaptation expertise, which would then 
translate into national adaptation investment plans, led by national level actors, based 
on their country priorities. This would then lead onto market assessment and pipeline 
screening in coordination with private sector investors, project preparation support 
followed by actual implementation and development of projects led by the private 
sector, often funded with public resources from multilateral and national development 
banks and institutions such as the Green Climate Fund. 

Even in the last leg, the financing of adaptation projects can be facilitated by 
national governments by enabling regulation facilitating investment of long-term 
capital by pension funds and through the capital markets into this emerging asset 
class. 

Ultimately, as an increasing number of projects develop credibly through this 
cycle, risk perceptions surrounding adaptation projects as an asset class are expected 
to reduce, setting in place the kind of virtuous cycle seen in quite a few developing 
countries in the renewable energy space over the last 15–20 years. 

From the perspective of developing financing mechanisms, governments will have 
to think about ways in which financing for climate adaptation projects becomes a
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lot more predictable, which essentially implies that such funding is stable from a 
macroeconomic perspective. Given that developing countries are quite vulnerable to 
exchange rate movements, which inhibit the use of foreign currency solutions, there 
is a need to provide for a stable source of local currency financing. Governments 
could facilitate mechanisms in which domestic savings are put to productive use, 
without putting pressure on scarce foreign exchange resources. 

The Role of Multilateral Funders, Including the Green 
Climate Fund (GCF) 

With the large funding gap, there is an urgent need to scale up and further increase 
public adaptation finance both for direct investment and for overcoming barriers to 
private-sector adaptation (UN Environmental Programme 2021). Being the biggest 
investor in the climate adaptation finance with total investment amount of USD 
16.1 billion in 2019/2020 (Climate Policy Initiative 2021), multilateral DFIs’ invest-
ment can play a pivotal role in leveraging private sector investments and alleviating 
the risk perceptions in the market, consequently creating a conducive investment 
environment. 

GCF, set up by the United Nations Framework Convention on Climate Change in 
2010, is the biggest multilateral climate fund in the world with over USD 10 billion 
of overall committed portfolio in developing countries. Its goal is to help developing 
countries reduce their greenhouse gas emissions and enhance their ability to respond 
to climate change. After commencing operations in 2015, GCF has approved USD 
3.4 billion in 39 private sector projects and programmes, which aim to mobilise USD 
14.5 billion, as of December 2021. 

In recognition of the adaptation finance gap, GCF’s Updated Strategic Plan for 
2020–2023 targets an equal balance in GCF’s funding between mitigation and adap-
tation (Green Climate Fund 2020a). With its twin focus on unlocking private invest-
ment, and closing the adaptation gap, GCF is well placed to deliver on adaptation 
projects that model how private sector adaptation finance can be unlocked. GCF has 
some unique characteristics that can facilitate the development of well-designed and 
impactful climate projects. In particular, GCF financing is flexible and instrument 
agnostic, meaning it is adaptable to meet the unique financing needs of impactful 
projects. GCF’s approach is also characterised by a high-risk tolerance and patient 
financing tenors. Together these features mean that GCF can be a catalytic force to 
mobilise private sector capital.
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De-Risking and Unlocking Private Sector Capital 
for Adaptation—Case Studies from GCF’s Private Sector 
Portfolio 

In this section, we will elaborate on ways in which GCF has helped deliver the goal 
of enhancing adaptation financing in the private sector, using some case studies from 
the existing investment portfolio. We will highlight a number of ways in which GCF 
investment can unlock private sector capital for investment, by: 

1. Supporting governments to develop adaptation plans 
2. Developing mitigation projects with co-adaptation benefits to enhance resilience 
3. Developing public–private partnerships in climate 
4. Demonstrating commercially viable investments through risk-sharing with a 

partner from the region 
5. Supporting a creation of a viable business model in climate adaptation projects 
6. Preserving continued climate impacts in the aftermath of COVID-19 
7. Supporting climate adaptation technologies through innovative blended finance 

structure 
8. Creating a conducive environment by familiarizing local financial institutions 

with lending to MSMEs for adaptation measure implementation. 

1. Supporting governments to develop adaptation plans 

A lack of national planning is a critical impediment to the development of invest-
ment proposals in the adaptation space. In response, the GCF Readiness Programme 
provides support to developing countries to develop national adaptation plans. 

Support for national adaptation plans will enable developing countries to strategise 
and attract financing at scale for a more resilient future. The GCF sees this planning 
process as key to countries’ ongoing efforts to bolster adaptive capacities, coordinate 
actions of governments, public and private sectors and attract adaptation investments 
from a diversity of sources to make the countries more climate resilient. 

So far, 69 proposals for developing national adaptation plans aggregating USD 
162.4 million have been approved of which USD 68.5 million has been disbursed, 
including support for 34 SIDS and LDCs (Green Climate Fund 2021d). 

From a private sector investment perspective, the GCF also focuses on the devel-
opment of policy guidelines or regulations to remove barriers and incentivize adap-
tation investment. Support is also given for integrating private sector actors engaged 
in national, sectoral and/or sub-national adaptation planning, including planning for 
climate resilience of individual businesses and supply chains. Lastly, but equally 
critically, readiness funds can help match private financiers with solutions. 

2. Developing mitigation projects with co-adaptation benefits to enhance 
resilience 

As outlined above, most private sector climate investments are in the mitigation 
segment. While it is still relatively difficult for private sector to commit to investments
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in adaptation projects considering the aforementioned barriers, investments in miti-
gation projects with adaptation benefits are gaining more attention. The following two 
case studies will elaborate on an investment programme where GCF has successfully 
invested in a mitigation project with significant co-adaptation benefits. 

Case Study: Arbaro Fund—Sustainable Forestry Fund 
(Arbaro Fund), Accredited Entity: MUFG Bank, Ltd: 
Category: Mitigation with Adaptation Benefits 

Article 5 of the Paris Agreement emphasises the critical role that joint mitigation 
and adaptation approaches can play in sustainable management of forestry resources. 
Accordingly it is increasingly being recognised that policy approaches and incentives 
for reducing emissions from deforestation will play a significant role in battling 
climate change (UNFCCC 2015). 

In 2020 March, the Arbaro Fund was approved by the GCF Board as a mitigation 
programme with adaptation co-benefits. The Arbaro Fund is an equity fund size with 
USD 140 million, out of which USD 25 million was invested by the GCF. GCF came 
in as an investor in the second close of the fund, with the objective of mobilising 
investments by private sector investors, following the first close, which raised USD 
60 million mostly from public sector investors. 

The fund focuses on sustainable forestry plantation investments in Latin America, 
the Caribbean, and Sub-Saharan Africa. Over its life, Arbaro Fund will aim to 
sequester 20 million tons of CO2 through carbon sinks that are created from the 
sustainable forest plantation sites. 

Arbaro fund supports sustainably managed and Forestry Stewardship Council 
(FSC) certified forest plantation and wood production, meaning that new forests 
will be planted in non-forest areas or long-deforested areas. The fund’s approach is 
pioneering as FSC certified forestry management is still not prevalent in the targeted 
countries. The intervention of GCF helped facilitate the investments in forestry 
projects that are compliant with FSC standards, which is especially a gamechanger, 
in Latin America and African, where the ratio of forestry projects that comply with 
FSC is just 5% and 2%, respectively. While FSC certification is still not a common 
practice in the target region due to its rigorous standards, it is an innovative approach 
in the target region that could make the industry more sustainable eventually. 

In line with FSC certification, Arbaro Fund will maintain and enhance the social 
and economic well-being of local communities and employees. Employment is an 
important adaptation co-benefit in Latin America and Sub-Saharan Africa where 
Arbaro Fund is investing, as the underemployment in the rural economy is a 
severe problem. As most of the population strongly depend on agriculture, the rural 
community is vulnerable to extreme climate events and climate change. 

Employment in sustainable forestry improves livelihoods and increases resilience 
of the rural communities. The plantation of sustainable forestry will also contribute
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to improved resilience of the surrounding landscapes, as by following the strict 
environment requirements under FSC, the programme will seek to afforest or reforest 
degraded landscapes for the commercial, yet sustainable wood production (Green 
Climate Fund 2020a, b, c, d). 

The programme is under implementation and has already received about USD 
17.5 million of disbursement (Green Climate Fund 2021a, b, c, d, e, f). 

Effectively, the Arbaro Fund has established a profitable mitigation case with 
significant adaptation benefits, which is a much-needed demonstration for private 
sector players. GCF’s participation addressed the critical risk perceptions that private 
sector investors may have that lessens their appetite to invest in sustainable forestry 
investment. 

3. Developing public–private partnerships in climate 

In the adaptation sector where private sector actors find it too risky to participate, 
one effective approach is to form a public–private partnership. The following case 
study demonstrates how GCF’s Private Sector Facility has successfully formed a 
public–private partnership by deploying different financial instruments. 

Case Study: Global Fund for Coral Reefs, Accredited Entity: 
Pegasus Capital Advisors (PCA): Category: Adaptation 

Coral reefs are biologically rich and productive ecosystems that provide valuable 
benefits to coastal communities. These ecosystems are important sources of food 
and income for local communities. They serve as nurseries for commercial fish 
species, generate income from tourism and equally importantly, provide protection 
from storms. 

However, coral reef ecosystems are fragile. They are extremely vulnerable to the 
impacts of climate change. Warming seas have already caused widespread damage 
to coral reefs, thereby threatening coastal economic activity. Thus, it is imperative 
and essential to act with urgency. 

Recognizing that healthy reefs and coastal ecosystems are the bedrock for sustain-
able livelihoods for reef-dependent communities, there is a need to increase invest-
ments aimed at enhancing the resilience of coral reef ecosystems. And much of these 
investments have to come from the private sector. 

To stimulate investments in the sector, a unique public–private partnership model, 
Global Fund for Coral Reefs (GFCR), was conceptualised. The GFCR is comprised 
of both a grant window and an investment window. 

The grant window has the presence of experienced technical partners and UN-
agencies providing a mechanism for sectoral development, regulatory and govern-
ment engagement, addressing policy or institutional barriers and facilitating early-
stage project development activities such as technical and feasibility studies. The 
grant window deploys grants for technical assistance, financial structuring, baseline
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studies, site monitoring and impact assessment. The grant window is capitalised with 
contributions from European governments and also from philanthropic foundations. 

The investment window on the other hand is structured as a private equity fund 
and would provide catalytic equity capital to private sector businesses and activities 
that reduce or eliminate existing local stressors in the most resilient reefs or climate 
refugia. The investments are intended to be made in three different sectors, namely 
(i) Sustainable ocean production (ii) Sustainable ecotourism and (iii) Sustainable 
infrastructure and waste management. 

The investment window benefits from the early-stage groundwork already done by 
the grant window that creates a conducive environment for private sector investors to 
invest in the sector, facilitated by the catalytic intervention of the investment window. 

The investment window aims to address critical financing and investment barriers 
which include (i) limited investor interest in investing in themes centred around the 
blue economy in general and coral reefs in particular; and difficulties in assessing 
investment opportunities, (ii) high risk perception as coral reef businesses are new-
age businesses and relevant models are not well proven, (iii) policy, institutional and 
regulatory gaps and (iv) adverse impacts of COVID-19. 

The grant window and the investment window are designed to work in a synergistic 
fashion. The two will enter into an implementation framework agreement with the 
UNDP as manager of the grant window. The agreement will set forth a framework 
under which the investment window and the grant window will collaborate to enhance 
the technical expertise of GFCR, including but not limited to pipeline screening, 
fundraising, communications, field engagements and reporting. 

Furthermore, an advisory committee shall be set up to provide recommendations 
and advice to the grant window’s executive board and the investment committee 
of the investment window. The committee will consist of scientists, representatives 
from national governments and public institutions, blue economy experts and other 
independent stakeholders, as appropriate and relevant (Green Climate Fund 2021a, 
b, c, d, e, f). 

Effectively, the GFCR functions as a public private partnership to unlock hard-
to-get investments in the climate adaptation space with the grant window paving the 
way for private sector investments to be unlocked. 

The GCF board has approved an anchor investment in the investment window of 
the GFCR, as junior capital. This addresses the critical risk perceptions that private 
sector investors may have that lessens their appetite to invest in coral reef sector. 

4. Demonstrating commercially viable investments through risk-sharing with 
a partner from the region 

Due to the lack of track record in particular region, local financial intermediaries often 
find it difficult to finance innovative climate technologies at scale. The following case 
study shows an investment programme where GCF aims to alleviate perceived risks in 
the market by demonstrating commercially viable investments in climate mitigation 
and adaptation, in collaboration with an Accredited Entity from the targeted region. 
The case study will also elaborate on how GCF financing has supported to upscale
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of the financing towards vulnerable beneficiaries of the climate, who often do not 
get enough financing due to the perceived risks. 

Case Study: Low Emissions and Climate Resilient 
Agriculture Risk Sharing Facility (Facility), Accredited 
Entity: Inter-American Development Bank (IDB): Category: 
Cross-Cutting 

In November 2017, GCF Board approved an investment to finance a risk sharing 
facility in climate resilient agriculture, to unlock innovative and scalable financial 
instruments for MSMEs in Guatemala and Mexico. 

In Mexico and Guatemala, there is a clear causal link between agro-forestry and 
climate impacts because the important drivers of deforestation are poor practices in 
commodity food production, such as coffee, cocoa, and avocados. Such unsustainable 
food production drives down productivity and forest conversion. 

While Climate-Smart Agriculture (CSA) projects in the countries are much 
needed, they face the difficulty in securing financing due to the lack of appetite 
from the local financial intermediaries who do not offer tailored products in this 
sector. Given similar challenges that Latin America and the Caribbean (LAC) coun-
tries face, the project should provide a much-needed track record of a successful 
business model for peripheral countries in the same region. 

The risk sharing facility is created by GCF and Inter-American Development 
Bank (IDB), the Accredited Entity, and it will support MSMEs that demonstrates 
environmentally sustainable practices in agro-forestry. The MSMEs will use the 
long-terms loans from the facility for CSA investments. 

GCF’s hypothesis is that with its pioneering anchor investments in early-stage 
companies, it would be able to demonstrate the viability of these innovative ideas 
thereby overcoming high-risk perceptions in CSA projects, ultimately building the 
confidence of national, regional and private sector financial intermediaries, capital 
markets, insurance providers to invest in the CSA sector on a continued basis. 

GCF’s equity investment will support conceptualisation and launch of a landscape 
restoration equity fund as well as development of a regional re-insurance business 
model focused on catastrophic climate risks such as droughts and storms. These 
insurance/re-insurance products are currently either not available in the market or 
when available are not cost effective, leaving MSMEs exposed to bear these risks on 
their own. 

With GCF’s participation in the guarantee component, perceived risks of financial 
intermediaries towards CSA investments, especially those stemming from lack of 
collateral and differing perspectives on collateral valuation, would be significantly 
alleviated, thereby allowing the intermediaries to scale up their funding in the sector. 

In addition to investment via equity and guarantees, GCF will also invest through 
loans and grants. GCF’s participation through different financial instruments will
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allow private sector investors to comfortably invest to the facility along with GCF 
and is expected to eventually result into a significant additional private capital being 
channelled into the sector of sustainable agriculture. 

The project is currently being implemented, and USD 8.54 million out of the total 
of USD 20 million of GCF approved investment has been disbursed so far (Green 
Climate Fund 2017). 

Case Study: Leveraging Energy Access Finance (LEAF) 
Framework, Accredited Entity: African Development Bank 
(AfDB): Category: Mitigation with Adaptation Co-Benefits 

LEAF is USD 900+ million framework with the objective of unlocking local currency 
financing and overcome market barriers to support the growth of Distributed Renew-
able Energy (DRE) in Africa. Through its catalytic participation in the framework, 
GCF aims to enhance participation of local banks and financial institutions by de-
risking their participation through guarantees and subordinated debt. Additionally, 
in addition to its financing participation, GCF’s financing also aims to build and 
enhance institutional capacity within local banks and financial institutions to appraise 
and finance DRE businesses. 

GCF’s contribution to the framework is USD 170.9 million, out of which both loan 
and guarantees are USD 80 million each. The loan and guarantee would enable the 
deployment of commercial and institutional renewable solutions, solar home systems 
and mini grids at scale, which would provide households and small businesses with 
emissions-free access to energy. GCF is also contributing a grant of USD 10.9 million 
to the project. 

The framework has significant adaptation co-benefits, as solar-powered assets 
would strengthen communities’ adaptive capacity and resilience through economic, 
social, and environmental co-benefits. The electricity systems and appliances can 
result into income-generating activities among the local community and would make 
the community more climate resilient by allowing more access to formal and informal 
support networks and recover faster from impacts from disasters (Green Climate Fund 
2021a, b, c, d, e, f). 

Both aforementioned case studies present excellent opportunities for local banks 
and financial institutions to get a flavour of investing in the sector with risks assumed 
by the GCF, thereby providing them with a relatively low risk proposition of “learning 
by doing”. 

5. Supporting a creation of a viable business model in climate adaptation 
projects 

Commercially viable business model is one of the biggest reasons why private 
sector actors are often hesitant to invest in climate adaptation project. It is a challenge 
to create a viable business model with climate adaptation beneficiaries who often not
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have enough collaterals or cash to finance climate adaptation practices, due to their 
decreased productivity by the adverse climate impacts. The following case study 
will show how GCF has supported a creation of viable business model in climate 
adaptation. 

Case Study: Acumen Resilient Agriculture Fund (ARAF), 
Accredited Entity: Acumen Fund, Inc 

With one seventh of the world’s population, Africa is expected to bear nearly half 
of estimated global adaptation costs in health, water supply agriculture and forestry. 
Agriculture is a critical sector in Africa, where large populations are engaged in 
primitive agriculture. While the sector is heavily impacted by climate change, the 
development in the sector has not accelerated yet, particularly in East and West 
Africa. 

Since advancement in agriculture across most countries in Africa are in a nascent 
stage, climate resilient investments could proceed smoothly without the costs of 
unwinding legacy investments. Yet, the investment from private sector investors in 
the climate resilient agriculture has been limited, due to the risk perceptions, the 
concerns in commercial viability well as the lack of track records. 

Climate resilient agriculture is key to ensuring a long term sustainable increase 
in agricultural income and productivity for 2.4 billion of smallholder farmers across 
the world. In the process, it is essential that the climate resilience in agriculture 
is strengthened in alignment with ongoing climate change impacts. Recognizing 
the needs above, Acumen Resilient Agriculture Fund (ARAF), the world’s first 
climate adaptation focused equity investment fund for smallholder farmers, was 
conceptualised to build climate resilience through investments in three different areas. 

1. Agribusiness platform that will provide solutions to key needs of the farmer 
including inputs, knowledge, finance and buyers, so that the farmers could be 
integrated in into the markets; 

2. Digital platforms that will enhance the supply chain efficiency through providing 
farmers access to information on knowledge, inputs, finance and markets; and 

3. Financial services that will enable the payment, credit and insurance solutions to 
the farmers. 

By offering the above services as a bundled package, ARAF aims to establish an 
ecosystem that allows farmers to raise their incomes and increase their resilience. 
The ecosystem will allow investees to build climate resilience, through developments 
of crop choices that are aligned with the climate forecasts and spreading adaptation 
tools and techniques, which will strengthen the stability of the farmers’ income. 

In 2018, GCF board approved an anchor investment to ARAF as first loss capital, 
to address the critical risk perceptions that private sector investors may have that
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lessens their appetite to invest in climate resilient agriculture sector. To achieve the 
effect, GCF has invested through grants and equity. 

GCF provided USD 3 million of grant funding as part of USD 6 million for 
a technical assistance facility for impact measurement, gender integration through 
investee companies and to support operational and ESG capacity building among 
investee companies. 

To attract capital from private sector investors, GCF provided the first loss equity 
capital of USD 23 million. Given that ARAF targeted USD 50 million, this is an 
anchor investment, which is essential in reducing risk to mobilise private sector 
capital to climate adaptation projects. With GCF’s participation to the first loss 
tranche, private investors in the senior equity tranche would feel confident to partic-
ipate to the fund investment. As a result of having GCF’s first loss layer which 
catalysed the fund, ARAF was able to raise another USD 2 million in first loss and 
USD 33 million in senior equity from reputed investors such as FMO, PROPARCO 
and Soros Economic Development Fund. This resulted in a USD 58 million fund: 
USD 8 million above the initial target. 

The fund is investing in portfolio companies with business models where farmers 
could make the best decisions despite the changing weather patterns. With no direct 
access to the buyers in the market, the smallholder farmers would offer their harvest 
to the middleman at 20–40% lower than market price and receive inputs from 
middleman on credits at an expensive mark-up rate, with very little information 
on climate resilience. ARAF invests in companies that are changing those dynamics 
while helping farmers increase their income and reduce their income volatility. 

The solution provided by ARAF is innovative in allowing smallholder farmers 
to have access to buyers and access to inputs and insurance on credits. The system 
would remove the middleman that is lowering the income and productivity of the 
farmers, so that the farmers would not only be able to benefit from these services 
to improve the climate resilience, but also receive their income based on the market 
price in the off-take markets and improve the profitability at the same time (Green 
Climate Fund 2018b). 

The project is currently under implementation. ARAF closed in June 2021 at 
USD 58 million, three months after the originally intended final close date due 
to fundraising delays occasioned by COVID-19. Out of USD 26 million of GCF 
approved investment, about 7 million has been disbursed so far (Green Climate Fund 
2020a, b, c, d). 

Through ARAF, there is an ambition to demonstrate the viability and scalability 
of new business models that provide climate adaptation benefits to the smallholder 
farmers and in turn the local community. 

6. Preserving continued climate impacts in the aftermath of COVID-19 

In 2019 and 2020, the climate investment sector has faced unique challenges due to 
COVID-19, which has lowered the liquidity available in already implemented climate 
investments. In such a critical time, concessional finance is needed not only to create 
new paradigm shifting investments but also to safeguard existing investments, that 
are at temporary risk through lack of liquidity. The following case study elaborates
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on how GCF aims to maintain the positive paradigm shift in the off-grid sector in 
Africa, which is a sector that is critical for climate adaptation. 

Case Study: Energy Access Relief Facility (EARF), 
Accredited Entity: Acumen Fund, Inc: Category: Mitigation 
(In a Sector That Is Important for Climate Adaptation) 

Energy access sector in Sub-Saharan Africa has experienced adverse impacts from 
COVID-19 pandemic. Many companies in the sector have experienced slower sales 
growth and reduced revenues due to the decreased funding for the sector. A signif-
icant number of the companies are struggling from low levels of liquidity, which 
constrains their current operations. Unless the funding gap is filled, preservation of 
the companies would not be possible, thereby potentially jeopardizing future growth 
of the sector. 

The Energy Access Relief Facility (EARF) has a goal to ensure the solvency of 
companies operating in the energy access sector, helping them remain in business 
post-pandemic, so that they can continue to achieve positive climate and clean energy 
transformation. 

In Sub-Saharan Africa, where EARF will invest, there are unique challenges in 
the fight to mitigate and adapt to climate change. The temperature rise in Africa will 
be more severe than the global temperature rise, and it will have severe impacts to 
multiple aspects in life such as health, agriculture and food security. Additionally, 
548 million people still lack access to electricity and 900 million lack access to clean 
cooking fuels and technologies, which results into deforestation and high level of 
indoor air pollution. Africa faces an acute challenge to reduce emissions from energy 
sector and help vulnerable people adapt to climate change, while making electricity 
and clean fuels available to more people. 

Until COVID-19, off-grid solar has contributed significantly to resolve this chal-
lenge and has already avoided 74 million metric tonnes of CO2e emissions. However, 
progress has stagnated due to COVID-19. The operations of these companies have 
been endangered, which have limited cash reserves and are experiencing disrupted 
supply chains, as well as reduced sales and revenues. 

Most governments acknowledge that a collaborative public–private partnership is 
needed to deliver nation-wide electrification and energy access. Especially for rural 
communities, private sector companies often play a pivotal role in filling the gaps 
where the unit economics do not make sense for grid extension. EARF’s intervention 
to ensure the continuation of these private sector companies is critical for national 
climate change adaptation strategies and plans. 

GCF’s intervention was needed in order to maintain positive progress. It will 
also help companies retain over 10,000 qualified jobs in a sector that is critical for 
climate change adaptation in Africa. In order to mobilise other concessional finance 
providers, philanthropic institutions and private sector investors, GCF has invested
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in USD 30 million of equity into the fund as an anchor investor (Green Climate Fund 
2020a, b, c, d). 

The fund reached first close at USD 68 million in September 2021, meeting the 
expected target. It aims to support over 90 off-grid solar SMEs and protect energy 
access for over 20 million people. The loan tenor is about 3.5 years–5.5 years, by 
the end of which the negative effects from COVID-19 will have hopefully come to 
an end. 

EARF is a timely idea that prevents small businesses from being adversely 
impacted by COVID-19 induced liquidity constraints in the financial sector, thereby 
saving the way for a continuation of mitigation and adaptation benefits. 

7. Supporting climate adaptation technologies through innovative blended 
finance structure 

Financial structure is critical when including more non-concessional investors to 
join the climate adaptation technology investment. The following case study outlines 
a programme where GCF aims to support the growth of adaptation technologies 
through its participation in concessional junior layer. 

Case Study: CRAFT—Catalytic Capital for First Private 
Investment Fund for Adaptation Technologies in Developing 
Countries, Accredited Entity: Pegasus Capital Advisors 
(PCA): Category: Adaptation 

Climate change affects water availability and quality, agriculture sector, energy 
production, infrastructure and human health. While adaptation has been consid-
ered traditionally as public good and service provided by government/public funds, 
mobilising private sector actors is becoming more and more critical to strengthen the 
resilience of these sectors from the adaptation perspective. The demand for adap-
tation technologies exists in all markets, and there is an urgent need to mobilise 
private sector capital and innovative technology to scale up adaptation investments 
in developing countries. 

In October 2021, the GCF Board approved USD 100 million of catalytic equity 
investment to scale-up technologies for climate resilience and adaptation, in devel-
oping countries where such technologies are most needed. In the second close where 
GCF will be anchoring the investment, GCF is expected to additionally mobilise 
USD 136 million of senior non-concessional capital, which the fund was struggling 
to mobilise because of the effect of COVID-19. The total fund size is expected to be 
USD 400 million. 

CRAFT mobilises technologies that reduces the exposure to climate hazard by 
resilient infrastructure, intelligence application and knowledge, as well as other risk-
reducing assets. It will support investments in the following six categories of tech-
nologies: (1) Catastrophe Risk Modelling and Weather Forecasting, (2) Agricultural
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Analytics (3) Supply Chain Analytics, (4) Geospatial Imaging and Mapping, (5) 
Water Harvesting and Efficiency and (6) Resilient Food Systems. 

The intervention of CRAFT is critical in the growth of adaptation technologies 
in developing countries, where the adaptation intelligence is yet to be developed. 
The unique and innovative blended finance structure model is designed in a way that 
a junior concessional layer will mitigate downside risk for senior non-concessional 
investors, encouraging adaptation investment (Green Climate Fund 2021a, b, c, d, e, 
f). 

CRAFT intends to facilitate technology transfer and mainstream cutting-edge 
technologies in developing countries, for enhancing and accelerating climate 
adaptation benefits. 

8. Creating a conducive environment by familiarizing local financial institu-
tions with lending to MSMEs for climate adaptation 

While adaptation measures are most needed by vulnerable beneficiaries, the local 
financial system may not always offer suitable financial services for them. For 
instance, when MSMEs attempt to borrow money to improve their climate resilience 
through adaptation measures, there are very few options available in the market, 
especially in developing countries. The situation is often caused by the lack of famil-
iarity by the local financial institutions in lending to not only to MSMEs, but also 
for adaptation measures. The following case study shows how GCF aims to create a 
conducive environment through an initiative to de-risk local financial institutions to 
lend to MSMEs for adaptation measures. 

Case Study: Productive Investment Initiative for Adaptation 
to Climate Change (CAMBio II), Accredited Entity: Central 
American Bank for Economic Integration (CABEI): 
Category: Adaptation 

Productive Investment Initiative for Adaptation to Climate Change (CAMBio 
II/Initiative) aims to increase climate resilience of MSMEs in Guatemala, El Salvador, 
Honduras, Nicaragua, Costa Rica, Panama and the Dominican Republic. Its objec-
tive is to remove barriers to access financial and non-financial services to adopt and 
implement climate adaptation measures. 

Although agriculture, livestock and forestry activities are the foundations of the 
economy in the targeted countries, MSMEs from the sector struggle with limited 
financing options. In most Central American countries, credit to the whole agricul-
tural sector accounts for only about 3% of total credit offered by financial systems, 
and the number is expected to be lower among MSMEs, and even lower for adap-
tation purposes. Given that the sector is vulnerable to climate change, production 
from the sector is likely to drop if climate resilience is not strengthened to combat 
aggravating climate factors.
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This initiative has been established by CABEI and GCF with an understanding 
of the importance and challenges of the MSMEs in the target region and sector. The 
programme will provide USD 12.5 million of senior loans to provide more credit to 
MSMEs for adaptation solutions. GCF will also invest USD 3 million of grant for 
capacity building. The total size of the programme is USD 28 million. 

By having local Intermediary Financial Institutions (IFIs) pass senior loans to 
beneficiary companies of the targeted countries, the initiative aims to increase aware-
ness among financial institutions of potential market opportunities for lending to 
MSMEs that invest in adaptation measures to improve their climate resilience. With 
USD 25 million in available loans, it will reduce barriers to credit for 5,000 MSMEs 
targeting 69,700 beneficiaries. 

With the USD 3 million of funds for capacity building, the programme will develop 
production models that are resilient to climate change. Capacity building includes 
workshops as well as financial rewards to MSMEs and IFIs for their successful 
implementation of adaptation activities (Green Climate Fund 2018a, b, c). 

The programme was approved by the GCF Board in 2018 and so far, about USD 
400,000 has been disbursed (Green Climate Fund 2021a, b, c, d, e, f). 

The intention of CAMBio II is to mainstream adaptation financing business 
for both MSMEs and local IFIs, to in turn provide easy access to capital for new 
adaptation businesses thereby ensuring replicability and continuity. 

Conclusion—Roadmap Going Forward 

Case study Key learnings 

GCF Readiness Programme Financial support for developing investment 
plans for adaptation is critical 

Arbaro Fund Developing mitigation projects with 
co-adaptation benefits can enhance climate 
resilience, provided industry best practices, 
certifications and safeguards are incorporated 

Global Fund for Coral Reefs Stimulating financing for adaptation projects 
through a unique public-private partnership 
model 

Low Emissions and Climate Resilient 
Agriculture Risk Sharing Facility 

Catalytic risk sharing facility to stimulate 
investments by banks in MSMEs engaged in 
climate resilient agriculture 

Leveraging Energy Access Finance (LEAF) 
Framework 

Financing of mitigation investments with 
significant adaptation co-benefits with the 
catalytic risk financing promoting learning by 
doing

(continued)
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(continued)

Case study Key learnings

Acumen Resilient Agriculture Fund (ARAF) Equity financing through an investment fund 
structure finance adaptation and reliance 
investments among small holders 

Energy Access Relief Facility (EARF) Maintaining and preserving climate adaptation 
impacts of distributed energy projects through 
an emergency liquidity relief facility in the 
aftermath of COVID-19 

CRAFT—Catalytic Capital for First Private 
Investment Fund for Adaptation Technologies 
in Developing Countries 

Concessional and catalytic junior equity to 
stimulate adoption of climate adaptation 
technologies 

CAMBio II Mainstream adaptation financing business for 
both MSMEs and local IFIs, to in turn provide 
easy access to capital for new adaptation 
businesses 

These case studies show practical solutions for the mobilisation of the private 
sector capital and deployment of adaptation finance. But further innovations will be 
needed beyond the ones outlined above. To conclude this chapter, here are a few 
ideas that could continue to drive an increase in private investment for adaptation in 
developing countries. 

Bearing in mind that climate adaptation investments often lack an investment track 
record, one of the approaches that can be used is to finance adaptation projects in 
their developmental phases, through mechanisms such as GCF’s Project Preparation 
Facility. This will allow private sector investors to only invest in projects when they 
have become commercially viable. While such approach is more time consuming, it 
would allow the market to accumulate track records for concessional finance in this 
nascent sector. 

A novel approach adopted in FMO’s Climate Investor One (Green Climate Fund 
2018a, b, c) programme can be adapted for adaptation projects as well. This approach 
involves a multi-tiered investment fund comprising of sub-funds to address the 
specific needs of each phase of project development. The first level is a develop-
ment fund, to provide scarce developmental capital at a project’s high-risk develop-
mental phase. The next tier involves a construction equity fund that can potentially 
finance the relatively high-risk construction phase, which many commercial banks 
may not be able to finance. Once the projects are up and running, revenue models 
are established, and viability is demonstrated, then they can be refinanced through a 
refinancing fund, co-opting the participation of private sector bank and local finan-
cial institutions (Convergence, 2021). In Climate Investor One, GCF supports both 
the development fund and the construction equity fund. Such an approach can be 
replicated for adaptation projects as well. 

Other novel mechanisms of raising adaptation finance can also be explored. These 
could include the development of mechanisms that facilitate the participation of 
capital markets in financing these projects. Given that capital markets would typically
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seek a credit rating, mechanisms of credit enhancement can be contemplated. Another 
approach could be to create a portfolio of operational projects that are securitised 
in the capital markets and where securitisation proceeds are deployed to finance 
new and greenfield adaptation projects. This approach will unlock the participation 
of pension funds, that are uniquely placed to provide longer term liquidity when 
compared with banks that are constrained by Basel norms. 

Institutions like GCF and other players in climate finance have a pivotal role to 
play in making this mechanism work. This would include convening relevant govern-
mental regulatory and financial sector stakeholders on the same table to develop such 
mechanism. This could be complemented by credit enhancement for the first wave 
of capital markets issuances. This could be a potential game changer as this should 
unlock long-term saving for financing adaptation projects. 

The challenge of adapting to climate change requires significant increases in 
private investment flows, alongside the use of public funds. GCF’s experience is 
that there are multiple barriers to increasing the level of private sector investment 
in adaptation solutions within developing countries. There is no single solution, but 
rather a need to take a flexible and tailored approach to overcoming barriers. It is 
clear that without such solutions, and the innovative deployment of public funds, it 
will not be possible to catalyse the power of the private sector to support adaptation 
measures. 
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Chapter 17 
Lessons in Adaptation and Innovation 
of Selected Local COVID-19 Responses 
in the Philippines 

Maria Fe Villamejor-Mendoza 

Abstract During pandemics, climate action seems to take a backseat as the priority 
action of governments seems to be in containing the emerging infectious disease 
and minimizing its adverse effects on public health, security and the economy. For 
COVID-19, for example, this crisis disrupted almost everything in our lives. It has 
drastically changed the ways of governing and governance. It has re-arranged policy 
priorities to the detriment or advancement of climate change mitigation and adapta-
tion. This research looks at the interventions on climate action and health during the 
COVID-19 pandemic. It assesses the Philippines’ national and local governments’ 
COVID-19 Responses and explores their features, with or without climate action. For 
the local Response, it draws lessons in adaptation and innovation from selected local 
COVID-19 programs, which the Galing Pook (GP) Foundation deems as exemplars in 
its 2021 Awards. Specifically, it describes the local COVID-19 response programs of 
six cities and provinces and infers features that make them successful and better than 
the national COVID-19 response. Emphasis will be on the impact, participation, inno-
vation, and sustainability of these programs on the communities they serve as well as 
their proactive climate action amidst the pandemic. Generally, the national COVID 
Response appears failing and with concentration on addressing the pandemic and 
recovering from the crisis. Despite strides, the 2021 Bloomberg COVID Resilience 
Index puts the Philippines at the bottom list as “it scored lowest in virus contain-
ment, the quality of healthcare, vaccination coverage, overall mortality and progress 
toward restarting travel and easing border curbs, among others” (Aguilar 2021). In 
contrast, local COVID Responses appear to effectively contain the virus, without 
sacrificing the economy, environment and people’s lives. This study is mainly quali-
tative. It analyzes secondary materials such as studies and reports gathered from the 
GP Foundation and other sources. It theorizes that adaptation, innovation, participa-
tory governance and strong leadership are key to successful (local) COVID response. 
Also, adding mitigation of climate risk escalation puts these programs a cut above 
the rest. These are crucial elements, which the national government could ponder on 
and emulate.
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The Philippine National Response to the Challenges 
of COVID-19 Pandemic 

The COVID-19 pandemic presents one of the greatest challenges in government 
responsiveness, resiliency and effectiveness. Although there are other players that 
may be tapped in addressing the multifaceted challenges of this pandemic, people 
look up to governments, both national and local, as the main agents to mitigate 
COVID-19’s effects on public health and safety, economic security and recovery, 
and overall development. 

The Philippines had at least four surges of COVID-19 variants since January 
2020. As of December 31, 2021, total COVID-19 cases in the country have reached 
2.8 million cases, some 98% of which have recovered. For the remaining 2%, some 
11,772 are active cases and 51,373 are deaths (Department of Health 2021; please 
see Table 17.1). 

Of the total active cases as of December 31, 2021, some 3% are considered critical; 
15% are severe. The remaining 82% are moderate, mild or asymptomatic. 

The Duterte administration was caught by surprise by this seemingly unprece-
dented global disruption. It nevertheless adopted a national COVID-19 Response 
which is appreciated by many as basically a composite of “(a) the World Health Orga-
nization (WHO)’s prescribed testing, tracing, isolation and treatment/vaccination 
protocols; (b) long hard community lockdowns that restricted mobility of people 
and non-operation/closure of schools, businesses and other work places, except 
those considered essential, e.g., supermarkets, pharmacies, etc.; (c) restrictions of 
public/mass gatherings; and (d) encouragement of non-pharmaceutical protocols of 
washing hands, wearing of face masks, and following social distancing” (Amit et al. 
2021). Since the concentration of interventions was basically in containing the spread 
of the virus, other urgent policy actions like climate change mitigation and adaptation 
seem to take a backseat.

Table 17.1 Philippine 
COVID-19 cases as of 
December 31, 2021 

Total cases 2,841,260 

Total Recovered 2,778,115 97.8% 

Total Deaths 51,373 1.8% 

Total New Cases 11,772 0.4% 

Asymptomatic 577 4.9% 

Mild 5,757 48.9% 

Moderate 3,325 28.2% 

Severe 1,786 15.2% 

Critical 327 2.8% 

Source Department of Health (DOH 2021) 
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For the long lockdowns from 2020 to early 2021, the following restrictions were 
in place in terms of population movement, public transport and work (Table 17.2).

Enhanced community quarantine (ECQ) is the highest level and strictest restric-
tion. People are required to stay at home and there should be no movement within 
the ECQ area regardless of age and health status. In modified ECQ and general 
community quarantine (GCQ), there is limited movement within the containment 
area or buffer zone and mobility is allowed only in obtaining essential needs like 
food, groceries, and medicines. Essential workers like the medical and other front-
liners, e.g. doctors, nurses, grocery personnel, others, are allowed to go out; non-
essential workers may go out but only to buy essential necessities. The modified 
GCQ (MGCQ) is supposed to be the least restrictive and “a transition phase to the 
new normal” (Mypanoplies 2020), where socio-economic activities are permitted 
with certain health guidelines (EO 112 2020). 

The long lockdowns led to business closures, displacement of workers, and mental 
anxiety in being ‘caged’ in one’s home, among many. To address these adverse effects, 
the Duterte administration conceived of a national COVID-19 Response entitled the 
“Philippine Program for Recovery with Equity and Solidarity” (Fig. 17.1).

It includes the following pillars: 

1. Emergency support for poor and low-income households, small business 
employees and other vulnerable groups through various assistance programs and 
wage subsidies amounting to some P590 billion or $11.8 billion; 

2. Marshaling resources to fight COVID-19, particularly expanding medical 
resources to ensure the safety of front liners such as expanded health insur-
ance coverage for all COVID-19 patients, special risk allowance, hazard pay, 
and personal protective equipment (PPE) for front line health workers; increased 
testing capacity, etc. under the Bayanihan Heal as One Act or RA 11469 
(Bayanihan I); 

3. Monetary actions and other financing support to keep the economy afloat and 
other financing support for emergency response and recovery initiatives; and 

4. An Economic Recovery Program to create jobs and sustain growth, including 
provisions under the Bayanihan Recover as One or RA 11494 (Bayanihan II) 
(Department of Finance 2020). 

The Problem with the National COVID-19 Response 

This seemingly comprehensive response “has been marked by missteps and confu-
sion, and even criticized as late and slow, with sluggish roll-out of testing, tracing 
and quarantine protocols, and weak leadership on the part of the incumbent President 
Duterte” (Robles and Robles 2021). The latter has also been described as initially 
complacent and dismissive towards COVID-19, consistent with his “strongman” 
persona. This led to the late closing of international borders in the first months of the 
pandemic when only two (2) confirmed positive cases were detected among Wuhan 
tourists who went to Boracay, a resort island in the Visayas. His response was also
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Fig. 17.1 The Duterte Administration’s National COVID-19 Response: Philippine Program for 
Recovery with Equity and Solidarity (PH-PROGRESO) (Source Department of Finance 2020)

a militarization response to a primarily public health issue, with many military men 
manning the the inter-agency task force he created. This somehow marginalized 
credible health experts in key policy bodies (Rivera 2021). 

In general, the national COVID-19 response was also seen as a “quick-fix” 
and non-sustainable response to complex problems similar to what was done in 
other development concerns in the country like illegal drugs and “tokhang”, corrup-
tion, the Federalism project, the problem of political dynasties and the “oligarchy”. 
His was also an unfocused and divisive leadership during the pandemic when it 
confronted the issue of press freedom, for example, especially after the Legislature 
did not grant the congressional franchise to a seeming unfriendly media giant, the 
ABS-CBN (Rivera 2021). 

Lasco (2021) also alluded to the (mis)use of science and expertise in the ‘one size 
fits all’ solutions to the COVID-19 Response. Here, the voices of the health experts 
were muted in favor of the big voices of the close-in circle of Duterte’s mostly military 
men. He also found unhealthy, the punitive, militaristic and disempowering regime 
based on compliance and discipline, which is opposite to the public health paradigm 
based on awareness, adherence and solidarity. Moreover, he found something wrong 
with “the ‘Covidization’ of health care, leading to various other health (and devel-
opment) concerns, which are likewise a matter of life and death, being sidelined or 
not given equal attention to by government” (Lasco and San Pedro 2020). 

In addition, the Philippines ranked last among 53 countries in the September 
2021 Bloomberg’s COVID Resilience Ranking Report. A monthly snapshot of the 
virus is being handled most effectively with the least social and economic disrup-
tion, the Index uses 12 data indicators that span from virus containment, overall 
mortality and progress toward restarting travel, among others. It captures which of 
the world’s biggest 53 economies are responding best—and worst—to the same 
once-in-a-generation threat (Bloomberg News 2021). 

The Philippine COVID Resilience Index was lowest “in virus containment, the 
quality of healthcare, vaccination coverage, overall mortality, severity of lockdowns 
and restrictions, progress toward restarting travel and easing border curbs, among 
others” (Aguilar 2021).
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For those consistently high-ranked economies like Ireland, Spain, UAE, Denmark 
and New Zealand, “widespread degree of government trust and societal compliance, 
as well as investment in public health infrastructure, effective testing and health 
education were keys to avoiding economically crippling lockdowns in the first year 
of the pandemic, before vaccines were available” (Chang et al. 2021). 

For the Philippines, the first two years of the pandemic (2020–2021) was similarly 
addressed in a number of ways: (1) long lockdowns remained for the most part of 
the year as surges ravaged the country; (2) vaccination is still sluggish with only 
49.6 million of the 109 million total Filipinos or only 46% of the total population 
with complete 2 doses; 57 million with one dose; and 1.8 million with booster shots 
as of December 30, 2021 (DOH 2021); and (3) in the middle of it all, lawmakers 
investigated alleged anomalies involving billions of pesos in the Duterte administra-
tion’s pandemic contracts. It was only after the latter part of 2021 when new daily 
COVID-19 cases were reported only in the hundreds that restrictions were eased and 
mandatory face shield policies were dropped—finally giving some kind of sense that 
perhaps, the Philippines was getting out of the COVID rut (Abad 2021). 

The Philippine COVID-19 response has been reactive, ad hoc and inadequate. To 
reiterate, these general failings were a result “partly of weak leadership and lack of 
experience in dealing with a pandemic of this scale, as well as of the sorry state of 
the public health system in the country” (Quintos 2020). 

It was a hit-and-miss, creating massive adverse effects on the economy, social 
relations, education and other aspects of the society. “The GDP decreased by 9.5% 
in 2020. When the tightest lockdown was implemented in the second quarter of 
2020, GDP fell as low as –16.9%. Foreign debt increased by 26.7% to P10.3 trillion 
as of the end of January 2021 (Laforga 2021). Unemployment rate was 10.3% or 
4.5 million unemployed in 2020. According to Moody’s, the Philippine economic 
output will not return to pre-pandemic levels until the end of 2022. China, Taiwan, 
South Korea, and Vietnam, on the other hand, have already returned to their previous 
output levels, while Indonesia and Thailand are predicted to do so later in 2021” 
(FutureLearn 2021). 

More importantly, because of the preoccupation at health and safety, the National 
COVID-19 Response seems to focus on preventing the spread of the virus by imple-
menting the usual health protocols of Prevention, Detection, Isolation, Treatment and 
Reintegration (PDITR) strategy, including the albeit late but aggressive vaccination 
program, providing assistance to displaced and disadvantaged vulnerable sectors, 
providing resources to medical and other front liners, and slowly easing up travel 
and other restrictions to pave the way to economic recovery. All other policy concerns 
appear to take a lower priority, including urgent climate actions in a highly natural 
hazardvulnerable country like the Philippines.



17 Lessons in Adaptation and Innovation of Selected Local COVID-19 … 371

Research Objectives and Methodology 

Thus, many countries have slowly reclaimed normalcy in their lives and economies; 
but there are others like ours, which have remained stressed and seemingly unable 
to get out of this COVID-19 crisis. Although there have been positive developments, 
nationally, the country’s COVID response seems failing. But locally, we can see 
gems that have swayed the tide towards effective containment of the virus, without 
sacrificing the economy, environment and people’s lives. 

This paper assesses both the national and local governments’ COVID-19 
Responses, with or without climate action. After the cursory assessment of the 
National Response above, it draws lessons in adaptation and innovation from selected 
local COVID-19 programs, which the Galing Pook (GP) Foundation deems as exem-
plars in its 2021 Awards. Specifically, it describes the local COVID-19 programs of 
selected cities and provinces and infers features that make them successful and better 
than the national COVID-19 response. Emphasis will be on the impact, participation, 
innovation, and sustainability of these programs on the communities they serve, as 
well as on the climate action they implemented amidst COVID-19. 

This study is mainly qualitative. It analyzes and reviews secondary materials such 
as studies and reports gathered from the GP Foundation and other sources. It theorizes 
that adaptation, innovation, participatory governance and strong leadership are key to 
successful (local) COVID response. Also, adding climate action to mitigate natural 
hazard risk escalation puts these programs a cut above the rest. These are crucial 
elements, which the national government could ponder on and emulate. 

The Case of COVID-19 Responses in Selected Local 
Governments 

The Philippines is a unitary state, a system of political organization in which most 
or all of the governing power resides in a centralized government. The President 
acts both as the head of state and head of government. S/he exercises general 
supervision over local governments, which are territorial and political subdivisions 
of the Republic. As of September 2020, local government units (LGUs) consist of 
81 provinces, 146 cities, 1,488 municipalities and 42,046 barangays (Department of 
Interior and Local Governments 2020 at https://www.dilg.gov.ph/facts-and-figures/ 
Regional-and-Provincial-Summary-Number-of-Provinces-Cities-Municipalities-
and-Barangays-as-of-30-September-2020/32). They enjoy local autonomy and have 
the power to create their own sources of revenue in addition to their equitable share 
in the national taxes. They also have the power to allocate resources in accordance 
with their own priorities. (Philippine Constitution of 1987, Article X). This does 
not, however, leave LGUs with unbridled discretion in the disbursement of public 
funds because they remain accountable to their constituency (Agra 2016).

https://www.dilg.gov.ph/facts-and-figures/Regional-and-Provincial-Summary-Number-of-Provinces-Cities-Municipalities-and-Barangays-as-of-30-September-2020/32
https://www.dilg.gov.ph/facts-and-figures/Regional-and-Provincial-Summary-Number-of-Provinces-Cities-Municipalities-and-Barangays-as-of-30-September-2020/32
https://www.dilg.gov.ph/facts-and-figures/Regional-and-Provincial-Summary-Number-of-Provinces-Cities-Municipalities-and-Barangays-as-of-30-September-2020/32
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LGUs are the closest to the people and may know the needs and requirements of 
their constituency better. Though they are ‘merely’ parts of the State and theoretically 
should implement COVID-19 programs similar to how the national government does 
it, they are nevertheless given leeway to address pressing development problems as 
they see fit. Because of their autonomy and the resources at their disposal, they may 
craft policies, programs and projects, which may be more responsive and suited to 
their needs. These may include climate action before, during and after the pandemic. 

A ‘one size-fits all’ model may not be the usual way they may take to address 
pressing development problems like COVID-19. Thus, an evaluation of selected 
COVID-19 and related programs of LGU-applicants to the 2021 Galing Pook Awards 
may be in order to ascertain if their local COVID-19 Response is better, more creative 
and adaptive, less panic-driven and more successful in containing the virus without 
sacrificing lives, the economy and even the environment, particularly in mitigating 
climate risks while battling the pandemic. 

The Galing Pook (literally translated as ‘the excellent place’) Awards is a 
pioneering program that recognizes innovation and excellence in local governance. 
It is implemented by the Galing Pook Foundation (GPF), a leading resource institu-
tion that promotes innovation, sustainability, citizen empowerment, and excellence 
in local governance. It promotes the latter through recognition, sharing of informa-
tion and support of efforts to replicate best practices at the local level (Galing Pook 
2021b). 

The GP Awards have for the past 28 years recognized programs that have become 
models of good governance and sustainable cities and municipalities in the country. 
These have also become exemplars for innovative solutions to common and shared 
problems in our planet, like the COVID-19 pandemic and climate change. The 
Awards, which may be likened to a ‘mini-Nobel (Peace) Prize in local governance’ 
started in October 21, 1993 under the joint initiative of the Local Government 
Academy-Department of the Interior and Local Government, the Ford Foundation, 
and other individual advocates of good governance from the academe, civil society 
and the government. The Asian Institute of Management carried on the awards 
program until 2001. Earlier in 1998, the Galing Pook Foundation was formed as 
a juridical institution to sustain the program (Galing Pook 2021b). 

Since 1994, more than 250 programs have already won recognition. The Galing 
Pook winners are chosen each year from a wide array of programs from local 
governments after undergoing a rigorous multi-level screening process. The winning 
programs are selected based on, among others, whether the programs (a) led to posi-
tive results and impacts on the community they serve; (b) promoted people’s partic-
ipation and empowerment; (c) showcased innovation, transferability and sustain-
ability; and (d) epitomized efficiency of program service delivery. The weights for 
these criteria are in the GP website (Galing Pook 2021b). 

For 2021, of the total 206 entries, the following COVID-19 and related programs 
were highly evaluated: 

1. San Juan City’s Kalingap (Kaagapay, Lingkod at Gabay sa Pandemya).
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2. The Roxas City’s Unified Pandemic Operational Deployment (UPOD) Kita 
Program. 

3. Mandaue City’s COVID-19 Community Infectious Waste Management. 
4. Bohol Province’s Culture and the Arts for Healing and Recovery Program. 
5. Negros Occidental Province’s Network of Alliances for Coastal Wetlands 

Conservation. 
6. Agusan del Sur Province’s Upland Sustainable Agro-forestry and Development 

(USAD) Convergence Program. 

Of these six, the programs of San Juan City, Negros Occidental and Agusan del 
Sur made it to the Finals of the 2021 Galing Pook Awards. They are geographically 
located in the National Capital Region/Metro-Manila, Visayas and Mindanao, respec-
tively. The other three programs were semi-finalists and are still worth studying; thus, 
they are also included here to ascertain the features that make them a cut above the 
national pandemic response.2 

San Juan City’s Kalingap Program 

There is a Filipino word, ‘Kalinga’ which means ‘care’ and with a ‘p’ could mean 
‘kalingang maagap’ or ready care, now. However, San Juan’s Kalingap program does 
not mean the latter. It is an acronym of the major components of the program, e.g., 
“Kaagapay, Lingkod at Gabay sa Pandemya”, which literally means ‘care, service 
and guidance during the pandemic.’ 

San Juan, a highly urbanized first class city has recorded the first COVID-19 local 
transmission in the country. The first COVID-19 local patient frequented the Muslim 
Prayer Hall in Greenhills Shopping Center, both as member of the Muslim flock and 
retailer in this shopping mall. The mall was temporary closed and sanitized thereafter, 
triggering the all-inclusive and comprehensive program, KALINGAP (San Juan GP 
Paper 2021). 

The fear and anxiety of the San Juaneños3 even at the very onset of COVID-19 in 
the country was overwhelming: the people started to lose jobs and livelihood as the 
country was placed on ECQ/hard lockdown and the trend of patients testing positive 
for COVID-19 one after another has dampened the spirits of the San Juaneños. 
Moreover, they have other needs and concerns such as (a) lack of isolation and 
quarantine facilities for COVID-19 patients who are asymptomatic or with mild 
symptoms. The San Juan Medical Center also lacks hospital facilities for patients 
who have moderate to severe symptoms; (b) economic issues for those who lost their 
jobs and means of livelihood; (c) the surge in the number of COVID-19 cases; (d) San 
Juaneños’ inadequate knowledge and awareness on COVID-19 and the importance

2 Permission was sought to use these Galing Pook (GP) cases for this chapter, which was granted by 
the GP Board on 2 September 2021. The author is a member of the National Selection Committee 
for the 2021 GP Awards. 
3 San Juanenos refer to the people of San Juan. 
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of vaccination; (e) lack of mechanisms to support the students from public schools in 
their online classes; and (f) unavailability of public transportation for the frontliners 
(San Juan GP Paper 2021). 

Thus, KALINGAP is a holistic and comprehensive Response, offering the 
constituents of San Juan not just a strengthened city-version of the national govern-
ment’s Prevention, Detection, Isolation, Treatment and Reintegration (PDITR) 
strategy in combatting the spread of the virus but giving above and beyond to secure 
food, financial aid, mobility, commerce, education, connectivity and vaccination to 
its people. It has the following components: 

1. Establishment of San Juan’s own quarantine facilities and COVID-19 additional 
wards using container vans. The former are called Bahay Kalinga4 (formerly 
Kalinga Kontra Korona)5 Quarantine Vans that were constructed in partnership 
with the Xavier School Foundation, San Juan City National High School and 
the Department of Public Works and Highway. The latter are called Charlie 
Wards in San Juan Medical Center. The container vans were also turned into 
Emergency Room (ER) Vans that were used as Triage area in San Juan Medical 
Center and as quarantine facility near the San Juan Bureau of Fire Station. 

2. Launch of TUPAD or Tulong Panghanapbuhay sa ating Disadvan-
taged/Displaced Workers, a temporary “cash for work” project for the indigents 
and jobless San Juaneños due to the pandemic. In coordination with various 
NGOs ad private companies, the city government also provided bicycles to 
indigent San Juaneños who were having a hard time commuting to and from 
their workplaces during the ECQ. 

3. Provision of food packs/ayuda6 to all the San Juaneños. This consisted of 1 
food pack per family every week during the ECQ and modified ECQ (MECQ) 
or up to 16 waves of Ayuda. 

4. Provision of temporary shelter located in San Juan Elementary School with 
food allocation; free Wi-Fi and financial assistance for medical front liners. 

5. Financial assistance of PhP 3,000 was given to all the COVID-19 patients who 
were confined and completed the quarantine period in any of the San Juan City’s 
quarantine facilities 

6. Adoption of the E-Ayuda Scheme in disbursing the Social Amelioration 
Program’s financial assistance from the national government, e.g., the Depart-
ment of Social Work and Development (DSWD). The beneficiaries can get their 
cash assistance thru ATM machine in partnership with the Robinson’s Bank. 

7. In partnership with the Department of Information and Communications Tech-
nology (DICT), laptops, tablets and pocket Wi-Fi were given to public school 
students in time for the opening of online classes. This is on top of the Internet

4 Literally means the House of Care. 
5 This means Care against COVID-19. 
6 Ayuda means support, financial, in kind and other forms. 
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satellites, which can be accessed for free in areas near schools, barangay halls 
and other public establishments. San Juan also partnered with Converge, an 
Internet service provider, for the installation of Fiber Optic Intranet and Learning 
Management System in every household of the public school students. 

8. Provision of bicycles to indigent workers and medical front liners who are 
deprived of public commute due to ECQs and lockdowns. Pop up bike lanes7 

were also designated in all main streets of the city to make the city safe for 
bicycles, e-scooters and other forms of alternative transportation. 

9. San Juan launched its Vaccination Program, starting with the online vaccina-
tion registration and on-ground registration for vaccination. The Filoil Flying V 
Arena and the Cinemas 1&2 of the Theatre Mall in Greenhills were the desig-
nated vaccination sites in San Juan City. In partnership with the DICT, the city’s 
Vaccination Program used the Vaccination Information Management System 
Immunization Registry (VIMS-IR), which efficiently shortens the process time 
for the whole vaccination process, from registration, actual vaccination and 
monitoring. 

10. The Vaccination Incentive Program (VIP) was launched to encourage the people 
to get fully vaccinated and be able to receive perks and discounts from the 
establishments in San Juan City. The Seal of 100% Vaccinated Establishment is 
also given to all the establishments whose owners and all workers have already 
been fully vaccinated (San Juan GP Paper 2021). 

The Roxas City’s Unified Pandemic Operational Deployment 
(UPOD) Kita Program 

Roxas City is the seafood capital of the Philippines. It is a tourist haven because 
of its culture, crafts and arts. Its UPOD Kita Program is a collective of programs 
designed to address the impacts and effects of the COVID-19 Pandemic. The key 
pillar of UPOD Kita is the concept of participation, hence, the word ‘upod’ which 
means, ‘together’. The main objective of the program is to capacitate, empower, and 
operationalize the local government of Roxas City and its constituents in pandemic 
response. The entire program is hinged on three basic principles: impact mitiga-
tion, contagion containment and prevention, and recovery. In all these phases of the 
program, participation and partnership cut across implementation (Roxas City GP 
Paper 2021). 

The objective for the first component of the program, which is impact mitigation, is 
to respond to and cushion the current impacts of the pandemic by carefully managed 
and calibrated programs. For contagion containment and prevention, the objective 
is to contain and further prevent the spread of the virus and protect the health and

7 Pop up bike lanes are temporary cycling infrastructure that were turned into permanent fixtures by 
the city by installing bollards in wider roads and paint and signages in smaller roads. These created 
clear delineation of road spaces for cars and bikes and ensured the safety of bikers and other users 
of major thoroughfares (San Juan GP Paper 2021). 
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safety of the constituents; for recovery, the objective is to pro-actively address the 
remnant effects of the pandemic and assist the constituents in adapting to the new 
normal (Roxas City GP Paper 2021). 

The first component of the program consists of the passage of legislation and 
policies strictly implementing minimum health protocols, deployment of palliative 
programs designed to address the immediate needs of the constituents like provision 
of food aid to affected individuals, alternative sources of income, and providing for 
health and medical intervention and assistance to affected individuals. In this compo-
nent the city government has passed Ordinance no. 044-2020, and Executive Order 
No. 16, among others, which all seek to enhance and improve the implementation of 
health protocols at the local level. The city has also distributed rice to 32,000 families 
monthly as well as special food packs to families who are under home quarantine 
(Roxas City GP Paper 2021). 

For the cultural sector, the City conducted the Healing Brushstrokes Painting 
Competition, which sought to provide income to local artists and promote their 
work online. To supplement this, the artists were provided an Art Village that served 
as venue to sell their crafts and artwork. Food packs were also distributed to artists-
beneficiaries. Funding was also released to the private sector-Capiz Medical Society 
to assist them in their work as medical front liners during the pandemic. Additional 
isolation facilities were also constructed (Roxas City GP Paper 2021). 

For the second component, the City implemented the following: (a) complied 
with the rigorous regulation of the Department of Health (DOH) and established 
its own Reverse Transcription-Polymerase Chain Reaction (RT-PCR) Diagnostic 
Laboratory and facility for moderate cases with six airflow cannula machines it also 
developed its localized QR Code contact tracing system; (b) E-Konsulta,8 an online 
medical diagnostic and reporting system; (c) use of Ateneo’s9 Fasster Tool, which is 
an algorithmic prediction software that makes forecasts of future pandemic trends; 
and (d) the constant and regular inspection of tourism establishments for compliance 
with health protocols. Roxas City has also diverted school board funds to provide 
requirements, e.g., computer and other gadgets, Internet connectivity, etc., in the 
implementation of blended learning (Roxas City GP Paper 2021). 

In the third component, which is recovery, the city has invested in continuing 
food aid beyond the pandemic, fast-tracked complementary infrastructure like new 
roads and road repairs, installed more city street lights, rehabilitated its the main 
trade center, empowered local businesses through webinars and consultations, in 
preparation for their renewed operation after the pandemic and during the new 
normal, and established the Agri Kita Urban Gardening Program with the Gerry 
Roxas Foundation. Vaccination is also currently in full swing (Roxas City GP Paper 
2021).

8 E-Konsulta means (medical) consultation by electronic means, e.g., by email exchange or ‘face 
to face’-virtual exchange through various platforms, e.g., Viber or Messenger video call, Google 
Meet, etc. 
9 Ateneo is Ateneo University, a private academic institution tapped for their computer application 
for contact tracing, data analytics and the like. 



17 Lessons in Adaptation and Innovation of Selected Local COVID-19 … 377

Roxas City is a third-class component city with a population of 179,000, its main 
business is agro-fishery and tourism as it is known for its “abundant seafood and 
ecotourism destinations, heritage structures and cultural interests that could pack 
one’s itinerary with unforgettable experiences” (Roxas City 2021). The pandemic 
has adversely affected these local businesses and enterprises and displaced workers 
during the lockdowns. Thus, the various programs above were implemented to ensure 
the virus is contained and the road to recovery is laid out, with the participation of 
the constituents, the private sector, academe, non-government organizations and the 
workers in art villages, fishponds and other stakeholders. Its health system was also 
upgraded with the construction of an RT-PCR diagnostic laboratory and a quarantine 
facility for moderate cases, whose services are for free. 

Mandaue City’s COVID-19 Community Infectious Waste 
Management 

In addition to the regular PDITR plus vaccination strategy in combatting the spread of 
the virus, Mandaue City, a first class highly urbanized city focused on the pandemic’s 
community infectious waste management (CIWM). The city has been at the forefront 
of maintaining a clean and safe environment through its Solid Waste Management 
Program (SWMP). With the pandemic, however, protocols for managing community 
infectious wastes like face masks, personal protective equipment and the like, have 
been a challenge as people are unaware how to dispose and manage these wastes 
(Mandaue City’s GP Paper 2021). 

The goal of the CIWM program is to protect Mandaue citizenry and prevent 
the spread of the virus through disposed wastes by integrating the Infectious Waste 
Management Program (IWMP) to the existing Solid Waste Management Plan of the 
city. Hence, the Infectious Waste Response Team was created in May 2020. The 
Mandaue City Environment and Natural Resources Office (MCENRO) through the 
order of the local government unit spearheaded the implementation of the infectious 
waste management program and protocol by engaging and equipping partners from 
the local communities, conducting information campaigns, and managing resources 
allocated by the city for this purpose (Mandaue City’s GP Paper 2021). 

The city conceived an infectious waste (IW) management process flow that 
engages, equips and empowers local communities from (a) collection of IW at the 
source, e.g., households in lockdown, testing/swabbing areas, city quarantine facility, 
city/national facility; to (b) disinfection, transport to the city transfer station; and 
finally (c) disposal and management of infectious waste (Mandaue City GP Paper 
2021).
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Bohol Province’s Culture and the Arts for Healing 
and Recovery Program 

The Provincial Government of Bohol highlights the “Reawakening of the Boholano10 

Culture” as one of three pillars for the province’s strategic sustainable development. 
Towards its realization, the Bohol Arts and Cultural Heritage (BACH) Council plays 
a key role in coordinating and unifying efforts of individuals, groups, and institutions 
in pursuing programs to ensure the preservation and promotion of Bohol’s cultural 
heritage and arts (Bohol GP Paper 2021). 

A civil society organization with a multisectoral composition, the BACH Council 
was created in 2001 by virtue of Provincial Ordinance No. 2001-017. After a Strategic 
Planning Workshop on February 27–29, 2020, sets of prioritized programs and 
activities were ready for implementation when COVID-19 was declared a global 
pandemic, thereby, prompting a pivot to respond to the more crucial needs of the 
time. The provincial government implemented the usual PDITR programs to contain 
the virus, without compromising the health of the people, the economy and culture 
of the Boholanos. The BACH Council, meanwhile, synergized the Arts and Culture, 
Tourism and Youth sectors and kicked off the “Culture and Arts for Healing and 
Recovery Program” with the launch of DASIG-Bohol on April 1, 2020 (Bohol GP 
Paper 2021). 

“Dasig” is a vernacular word that means “to enliven” or “to inspire” and which 
became the title of a digital streaming program aimed to lift the spirits of the 
Boholanos during the quarantine. The crisis triggered by the pandemic has serious 
and dire implications for the province; tourism being one of its top two sources 
of revenue. In an unprecedented blow to the industry, COVID-19 has drastically 
cut tourist arrivals causing a ripple effect that has heavily impacted on many other 
industries relying on tourism. These include not only the big players in the accommo-
dation, recreation, events, food and beverage services, wellness, transportation, and 
travel services sectors but also the micro, small, and medium enterprises (MSMEs). 
The latter involves local artists, musicians, performers, photographers, crafts people, 
souvenir makers, and many other individuals who suddenly found themselves without 
any market and income for their services (Bohol GP Paper 2021). 

The staging of DASIG-Bohol, thus, was conceptualized as an intervention to 
provide opportunity to local artists and craftspeople to showcase their skills and 
creativity and also correspondingly be paid for their art. A virtual show produced 
under strict safety protocols, DASIG-Bohol was also projected as an effective inter-
vention for Bohol residents who were afforded free entertainment while adhering to 
“stay-at-home” restrictions to curb the spread of the virus. With school and business 
closures, the psychosocial effects on individuals could not be taken lightly (Bohol 
GP Paper 2021). 

As the COVID-19 crisis continues, it also exposed the vulnerability of the youth 
and children in coping with loneliness, fear, violence, and uncertainty experienced

10 Boholano means from or of Bohol. Boholanos are the people of Bohol province. 
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due to the pandemic. Cognizant of the vital role the arts had played in the healing and 
recovery of Boholanos after the 7.2 magnitude earthquake in 2013, the BACH Council 
spearheaded in harmonizing initiatives and rallying various sectors to respond to 
the mental health and other needs of the young people. LAUM-Bohol was created 
as the provincial government’s multi-pronged approach utilizing culture and the 
arts, education, counseling, sports, and various training programs to reach out and 
capacitate the youth who are most in need of a lifeline in this troubled time. The 
Bohol Governor signed Executive Order No. 50 instituting LAUM-Bohol and the 
program was launched on October 15, 2020 (Bohol GP Paper 2021). 

Thus, the “Culture and Arts for Healing and Recovery Program” has two major 
collaborative components, namely: DASIG-Bohol, with the Center for Culture and 
Arts Development (CCAD) as the lead office and LAUM-Bohol spearheaded by the 
Provincial Youth and Development Office (PYDO). All these initiatives are under 
the auspices of the Office of the Governor and implemented by the Bohol Arts and 
Culture Heritage Council (Bohol GP Paper 2021). 

Negros Occidental Province’s Network of Alliances for Coastal 
Wetlands Conservation 

“Abanse Negrense”, which is the vernacular for “Onward Negrense11 !” is the rallying 
call of the administration of Negros Occidental to its heightened COVID-19 response 
to rebuild lives and recover from the health and economic crises as well as destruction 
due to various calamities (Guadalquiver 2021). 

A cumulative report of the Provincial Incident Management Team showed that 
from March 27, 2020 to Dec. 30, 2021, Negros Occidental has logged 34,880 
confirmed COVID-19 cases, of which 32,962 have recovered while 1,730 have died 
(Guadalquiver 2021). The province thus intensified its prevention, detection, isola-
tion, treatment and reintegration programs by among others, closing its borders, 
testing probable cases, house to house information campaign and vaccination, and 
giving of financial support to those who were displaced and needed ayuda (ABS-CBN 
News 2020 at https://news.abs-cbn.com/news/03/16/20/negros-oriental-closes-all-
points-of-entry-to-prevent-covid-19-spread). 

In addition, its disaster response also included not only attending to COVID-19 
but also to flooding and other natural disasters that wreck havoc to people’s lives, 
crops, property, the economy and the environment. On December 16, 2021, Negros 
Occidental was hit by Typhoon Odette, leaving some PHP6-billion damage across 
all sectors. The onslaught left almost 40 Negrenses dead as well as 190,868 partially 
damaged houses and 65,871 destroyed dwellings. Last New Year’s Day, massive 
floods hit several localities in northern Negros leaving thousands displaced, and 
homes and infrastructures destroyed. A week after, the second wave of flooding 
happened, affecting more residents in the same area (Guadalquiver 2021).

11 Negrenses are the people of Negros Occidental. 

https://news.abs-cbn.com/news/03/16/20/negros-oriental-closes-all-points-of-entry-to-prevent-covid-19-spread
https://news.abs-cbn.com/news/03/16/20/negros-oriental-closes-all-points-of-entry-to-prevent-covid-19-spread
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Construction of flood control structures and implementation of various climate-
proofing measures worth PHP1.2 billion has been funded in 2020 and 2021 for the 
affected areas. Priority sites for the implementation of socialized shelter projects as 
part of a long-term resilient and safe housing plan, particularly for informal settler 
families, were also identified (Guadalquiver 2021). 

More importantly, the province continued the project, Negros Occidental’s 
Network of Alliances for Coastal Wetlands Conservation amidst the pandemic, 
because it believed that only through alliance building and partnerships can sustain-
able coastal wetlands conservation and development be achieved (Negros Occidental 
GP Paper 2021). 

Since the early 2000s, the Negros Occidental Coastal Wetlands Conservation Area 
(NOCWCA) has been managed by two inter-LGU alliances, e.g., KAHIL-ICAMC or 
Kabankalan City, Himamaylan, Ilog Integrated Coastal Area Management Council 
covering said LGUs; and CENECCORD or the Central Negros Council for Coastal 
Resource Development covering Bago City, Pulupandan, Valladolid, San Enrique, 
Ponteverda, Hinigaran and Binalbagan. In 2014, as part of enhancing the management 
of the wetlands through the initiatives of the LGUs led by the provincial government 
of Negros Occidental, and in cooperation with other national government agencies 
(NGAs) and non-government organizations (NGOs), the Negros Occidental Coastal 
Wetland Area Management Alliance (NOCWAMA) was formed. A Memorandum 
of Agreement among these stakeholders officially sealed this alliance. It aims to 
improve and wisely manage the coastal wetlands of international importance through 
the establishment of ten (10) Coastal Wetlands Local Conservation Areas (LCAs), 
thereby ensuring wetlands ecosystems can adapt and withstand the impacts of climate 
change with restored biodiversity that are sustainably managed and protected by the 
coastal communities. The 10 LCAs are known for their rich and bio-diverse coastal 
resources particularly the mangroves, shellfishes, waterbirds and Irrawaddy dolphins 
(Negros Occidental GP Paper 2021). 

The Alliance specifically aims to (1) establish contiguous local coastal wetlands 
conservation areas (LCA) in Negros Occidental. This includes community mapping 
and surveying of wetlands in the 10 LGUs, profiling, capacity building for technical 
personnel in these LGUs on protected area management and the like, policy support 
and internal monitoring system; (2) enforce biodiversity regulations through the 
organization of community-based environmental law enforcers who will also work as 
Bantay Katunggan12 Volunteers (BKVs) and Wildlife Enforcement Officers (WEOs). 
This will also consist of giving training programs on environmental laws, deputation 
of these BKVs and WEOs, and provision of equipment support to said officers; and 
(3) promote biodiversity-friendly practices and intensity information, education and 
communication (IEC) campaign drives on coastal wetlands management, coastal 
law enforcement, local conservation area establishment, mangrove rehabilitation 
and environmental thematic events related to CW conservation and protection in the

12 Bantay Katunggan is the vernacular for Mangrove Forest Watchers. 
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province. These are consistent with the vision of the province, i.e., “Negros with a 
healthy environment where empowered citizenry enjoy sustainable economic growth 
based on equity” (Negros Occidental GP Paper 2021). 

Its common goal is to resolve the pressing issues and problems on illegal activities 
that degrade the rich and abundant resources through harmonized conservation initia-
tives to wisely manage the coastal wetlands resources of the 10 LGUs. Specifically, 
it hopes to, among others, reduce the incidence of mangrove cutting and wildlife 
hunting; promote science-based project through the conduct of wetlands’ character-
ization and updating of results; mainstream gender and development in the Alliance 
site and be included in the Ramsar List of Wetlands of International Importance 
(Negros Occidental GP Paper 2021). 

Agusan Del Sur Province’s Upland Sustainable Agro-Forestry 
and Development (USAD) Convergence Program 

USAD is Agusan del Sur’s building back better anti-poverty program after the 
province and the rest of Mindanao were decimated by the category 5 typhoon Pablo in 
December 2012. Determined to rise up from such devastation, the province concep-
tualized a disaster recovery and rehabilitation strategy to resolve the distress issues 
and uplift the economic condition of the marginalized Agusanons.13 Also an envi-
ronmental protection, people-centered and sustainable economic strategy, it contin-
uously evolved to tailor-fit to the needs of the communities, especially the upland 
communities where poverty incidence is relatively higher (Agusan del Sur’s GP 
Paper 2021). 

USAD has been a flagship program of the province since 2013. And with the 
national lockdown imposed in the country in 2020, many of the Agusanons did not 
have food on their table because work has been suspended, leaving many without 
means of subsistence or support. Thus, the province deemed it fit to continue with the 
USAD to tide the people over, particularly those in the upland villages. USAD aims 
to (1) protect and conserve upland natural resources; (2) create/increase income 
through sustainable farming and livelihood; (3) reduce poverty incidence in the 
upland barangays; and (4) empower government through the creation of an USAD 
Coordinating Unit under the Office of the Provincial Governor through the spirit of 
volunteerism and strong community partnership based on shared governance, shared 
accountability and shared future (Agusan del Sur’s GP Paper 2021). 

In order to purge the dole-out mentality of the traditional beneficiaries of govern-
ment programs and to practice the cohesive and collaborative efforts between the 
LGUs and the farmers, beneficiaries of the USAD Program were acknowledged as 
Farmer Enrollees (FEs). As FEs, they were provided farm inputs like seedlings for 
three high value commodities—rubber, cacao and cutflower, and technology-training 
programs that capacitated them. (Agusan del Sur’s GP Paper 2021).

13 Agusanons refer to the people of Agusan. 
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Analysis: The Defining Features of Local COVID-19 
Programs 

The defining features that make these local programs stand out vis-à-vis the national 
COVID-19 Response will be analyzed in this section, in order to draw lessons on 
adaptation and innovation. Emphasis will be on the impact, participation, innovation, 
and sustainability of these programs on the communities they serve, as well as the 
value added health and climate action they implemented during the pandemic. 

The General Features and Value Added of Selected Local 
COVID-19 Responses 

The main features of the six local COVID-19 programs presented above consist of 
adopting the general framework of the National COVID-19 Response of preven-
tion, detection, isolation, treatment and reintegration + recovery, closing down of 
borders and imposing lockdowns; restriction of mass gatherings and encouragement 
of washing of hands, wearing of face masks and adopting physical distancing. 

In addition, the local programs are perceived to be more comprehensive, respon-
sive and adaptive to local conditions and needs, quicker in containing the spread of 
the virus, more medium to longer-term in perspective and engaged the participation 
of communities, the health sector, the private organizations, non-government orga-
nizations, the academe and other stakeholders in the planning and implementation 
of these programs. Their approach is not militaristic; they did not ‘covidify health 
services’ as other health issues, sectors, culture and the arts, environment, business 
and commerce were also attended to, amidst the pandemic. They also use modern 
technology and the health and other experts’ contributions more. They exhibited more 
empathy to the peoples’ plight; corollary, the people felt their local government was 
really helping them tide over the pandemic (Galing Pook 2021a). 

Value Added Health and Climate Action 

There is also a prevailing sentiment that the local programs value-added to the 
National Response. San Juan KALINGAP program enhanced the public health 
system by constructing additional wards and quarantine facilities using container 
vans, helped frontliners with additional incentives, conducted the testing and treat-
ment of COVID patients for free14 with other freebies, and incentivized the vaccina-
tion of people. It also secured the mobility of frontliners and other people during the 
long lockdowns where public transport was not allowed, with free bikes and dedi-
cated bicycle lanes; providing ayuda to all constituents; provided cash for work for

14 Intervention for COVID-19 testing from the national government is not always free. 
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displaced workers; secured the remote learning of public school children; and used 
technology to speed up the grant of national financial assistance. Although the free 
bikes and the dedicated bike lanes were borne out of necessity, they paved the way 
to citywide initiatives to reduce carbon footprints in San Juan. 

The Roxas City’s UPOD Kita enhanced the public health system by constructing 
an RT-PCR laboratory and quarantine facility for testing and treatment of COVID-
19 patients for free; used technology for contact tracing, medical consultation and 
data analytics; provided ayuda (rice and other necessities) for people asked to stay 
at home; used arts, culture and technology to help workers and businesses to operate 
even during the pandemic; paved the way for the resumption of commerce by 
ensuring (tourism and other) establishments and public infrastructure are ready; 
also encouraged urban gardening to provide steady supply of vegetables in one’s 
backyard. 

Mandaue City’s COVID-19 Community Infectious Waste Management focused 
on an important new threat to virus transmission through improper disposal of infec-
tious waste at the community level, and at hospitals and quarantine facilities when 
they test, isolate and treat COVID-19 patients. The ever growing amount of infec-
tious waste that is generated by protective personal lifesaving advances if not treated 
properly, may cause enormous suffering, pollution, unnecessary carbon emission, 
and waste of resources (No Harm Global 2022). Mandaue City in addressing this 
issue may have prevented large-scale problems in COVID-19 transmission, plastic 
pollution that may harm sea and other creatures, flooding and other environmental 
concerns. 

Bohol Province’s Culture and the Arts for Healing and Recovery Program used 
culture, arts, education, counseling, sports, and various training programs to address 
the mental health problems of the Boholanos who were asked to ‘quarantine’ at home 
during the lockdowns. They also used technology to promote arts and culture and 
keep these enterprises afloat amidst COVID-19. 

Negros Occidental’s Network of Alliances for Coastal Wetlands Conservation 
focused on enhancing local coastal wetlands management areas to provide food and 
livelihood to the people, and at the same time protect the wetlands and mangrove 
forests as mitigation measures against disasters and climate change. It also prevented 
illegal activities that degrade the rich and abundant resources in the province, as well 
as empowered the people to protect and conserve their mangroves, shellfishes, water 
birds and Irrawaddy dolphins. The Alliance also dealt with flooding and displacement 
of people after disastrous typhoons by constructing flood control projects and climate-
proof shelter houses in the province. 

Agusan del Sur’s USAD Program focused on high-yielding crops to alle-
viate the poverty of the upland communities and on capacitating them for upland 
resource conservation, disaster prevention, and building back better. It also embedded 
environmental interventions and climate action in COVID-19 cum disaster response.
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Community Participation, Innovation, Impacts 
and Sustainability 

Community participation is evident when relevant stakeholders are engaged in 
program planning, implementation and other aspects of the program life. Innovation 
is present when a new idea, service or way of doing things is embedded and contex-
tualized to local conditions. This also value-adds to solving the problem. Impacts are 
positive effects resulting from the program. Sustainability is evident when there are 
program documentation, legislation and commitment to continue with the program 
(Galing Pook 2021b). 

a. Community Participation: The National Response used the whole of govern-
ment approach with stakeholders mainly from government participating in a 
dichotomized decision-making and implementation, i.e., the national government 
plans; the LGUs implement. Local governments, being closer to the people, used 
the whole of society approach in engaging various stakeholders from the govern-
ment, community, health experts, private sector, non-government organizations 
and the academe, in planning, implementing and even monitoring the results of 
the interventions. In other words, the local governments employed collaborative 
governance more while the national response was more government-centric in 
its interventions. 

b. Innovation: The local interventions were more adaptive to the situation and 
innovative in solving the problem, which were absent in the command-control 
type in the national response. For example, when mobility was restricted and 
public transportation was not available for medical frontliners and other workers, 
San Juan provided bicycles and constructed pop up bike lanes. When COVID 
wards and quarantine facilities were inadequate, the cities of San Juan and Roxas 
built additional facilities using container vans. Roxas City also built an RT-PCR 
laboratory because the nearest one is one region away and costly. It also provided 
these services for free. This maybe because the national government usually 
provides the (‘one size-fits all’) template while the LGUs customize. 

When people were restricted and ‘quarantined’ at their homes, Bohol used 
the online platform to use culture (dances and songs) to address the anxiety and 
mental health issues, especially of the young. The artists were also helped through 
the supply of art materials and the selling of their paintings online rather than 
traditionally in their physical art shops. In Roxas City, since face to face-medical 
consultation for COVID and other cases was difficult during the lockdowns, 
the e-konsulta was introduced to provide the needed advice or service to those 
needing medical attention. 

The timely focus of Mandaue City on infectious waste management reduced 
the risk of COVID-19 transmission, as people were not aware of their proper 
disposal at home, in their communities or even at the testing, isolation and treat-
ment facilities. This also averted environmental catastrophe at sea, especially as 
sea creatures may see anything lying on sea floors, including improperly disposed 
plastics, e.g., personal protective wastes, as food. San Juan’s provision of bikes
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to front liners reduced the carbon footprints during the pandemic. Its aggressive 
awareness campaign, house-to-house registration, use of online platforms for 
scheduling, and incentivizing vaccination compliance raised the vaccination rate 
of the city to 70% of the total population in just six months (San Juan GP Paper 
2021). This enabled the city to open its doors to vaccinating people from other 
LGUs. 

c. Impact: The enhancement of the partnership and alliances in the conservation and 
protection of Negros coastal wetlands improved the resiliency of these ecosys-
tems. With more stakeholders and local governments involved in their conserva-
tion, bio-diversity regulation and development, the program also improved the 
level of bio-diversity in the area with the following resources and wildlife being 
protected: 46 macrobenthos15 ; 7 mangrove; and 3 species of egret. The habitat 
improvement also resulted in the increase of the fisherfolk’s average income and 
catch of 4 kg/day of fish in 2017 to date. The Negros Wetlands was also included 
in the Ramsar List of Wetlands of International Importance in 2021. In addition, 
because of its vulnerable location prone to flooding and other devastation after 
strong typhoons, Negros has learned to climate-proof its relocation, shelther sites 
and other public works (Negros Occidental GP Paper 2021) 

d. Sustainability: In terms of sustainability, these interventions are all covered by 
local policy issuances and legislation that would ensure their continuous imple-
mentation beyond the pandemic. The USAD program of Agusan del Sur started 
as a recovery mechanism after the devastation by super typhoon Pablo. It has 
been carried out until now, under a new administration, ensuring that the upland 
communities would continue to harvest high yielding crops and earn their keep. 
The local programs also embedded COVID-19 response in their disaster risk 
mitigation and adaptation programs. This would ensure that these LGUs would 
be better prepared when the next pandemic and disaster strike again. 

More importantly, the movers and shapers of these local programs are adaptive 
and innovative servant leaders who would strongly push good ideas and public 
interests in their policies and programs, beyond their personal interests. 

Conclusions and Recommendations 

The six local COVID-19 responses studied here are more successful than the national 
response because they provided a more comprehensive, innovative and integrative, 
medium-longer term perspective in addressing the pandemic. Being closest to the 
people, the LGUs used interventions that are more adaptive to disruptions, and 
included culture and the arts, smart technologies, and environmental concerns in 
working for solutions on the ground. They were not panic-driven and used collabo-
rative and participatory governance in planning, implementing and even monitoring

15 Macrobenthos is the dominant component of marine benthic assemblages. It is larger than 0.5 mm, 
and includes some of the most speciose groups, i.e., annelids, crustaceans, mollusks, etc. (Snelgrove 
1999). Also cited in https://www.frontiersin.org/articles/10.3389/fmars.2021.756054/full. 

https://www.frontiersin.org/articles/10.3389/fmars.2021.756054/full
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the results of their intervention. They are also led by innovative and adaptive servant 
leaders whose vision and actions are more for the interest of their constituency. 

The local COVID-19 Response did not sideline climate change risk mitigation and 
adaptation. They included climate actions in addressing the pandemic, e.g., bike lanes 
and bikes to reduce carbon footprints; infectious waste management to prevent disas-
ters at landfills and at sea, especially for sea creatures who may be trapped or digest 
these toxic plastic wastes; wetlands conservation and climate-proofing infrastructure 
after disasters; upland sustainable agro-forestry and conservation. Being integrated 
to the COVID-19 Response, the disaster risk mitigation, adaptation and management 
framework of the LGUs studied here can be said to be more ready when the next 
pandemic occurs. Corollary, embedding COVID-19 response to local climate change 
risk reduction and management may have enhanced the climate change prevention, 
mitigation and adaptation of these LGUs. 

The LGUs harnessed science, governance and economics to ensure more sustain-
able responses to disruptions and disasters. They also approached the solutions to the 
pandemic using the whole of society approach, rather than the top-down command-
control and militaristic whole of government-approach of the national response. They 
also showed more empathy. 

These are the defining features of the local COVID-19 response of the six GP 
2021 Awards qualifiers and winners. These are lessons and best practices in health 
pandemic and disaster risk mitigation and adaptation, which the national government 
may emulate. 

Future researches may build on the lessons from this study and interrogate and 
explain other factors that may contribute to better health emergency and disaster 
responses, both at the national and local government levels. 
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Chapter 18 
Climate Change and Disaster Risk 
Management Policy Integration in Pacific 
Island Countries: Trajectories 
and Trends 

Fernanda Del Lama Soares 

Abstract This chapter provides a macro perspective on policy trajectories and trends 
of disaster risk management and climate change policy integration in Pacific Island 
Countries (PICs). It does so against the backdrop of key regional and global disaster 
risk and climate change governance milestones. The aim is to provide a contextual-
ized overview of policy change in PICs, highlighting key points for further research. A 
desktop review and content analysis were conducted on national policies endorsed in 
the period from 1980 to 2020 for 12 PICs. The results show that: (i) policy integration 
in those countries is an innovation within regional and global disaster risk manage-
ment and climate change governance contexts; (ii) integrated policies go beyond the 
integration of climate change adaptation and disaster risk management, and; (iii) 
there is a trend of integrated policies emphasizing climate change-related issues. 
These findings serve as new avenues for future research on disaster risk management 
and climate change policy integration in PICs, and as points for reflection on the 
development and practice of policy integration in the region. 

Introduction 

Climate change and disaster risk are governed through a complex network of insti-
tutional arrangements, policies, and actors at multiple levels of governance (Renn 
2008; Bernauer and Schaffer 2010; Jones et al. 2015; Thompson 2021). Historically, 
climate change and disaster risk have been researched and managed separately, but the 
recognition of their cross-cutting and intertwined nature has brought these two fields 
into the policy integration debate (Ireland 2010; Hay and Mimura 2010; Djalante 
et al. 2013; Birkmann and Pardoe 2014; Kelman et al.  2016; Islam et al. 2020). 
Climate change refers to a long-term change in the state of the climate caused by 
natural variability and anthropogenic greenhouse gases emissions, which has the

F. Del Lama Soares (B) 
Centre for Urban Research, RMIT University, Swanston St. Building 8, Level 11, Melbourne City 
CampusMelbourne, VIC 3000, Australia 
e-mail: fernandadellama@gmail.com 

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 
W. Leal Filho et al. (eds.), Climate Change Strategies: Handling the Challenges of 
Adapting to a Changing Climate, Climate Change Management, 
https://doi.org/10.1007/978-3-031-28728-2_18 

389

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-28728-2_18&domain=pdf
mailto:fernandadellama@gmail.com
https://doi.org/10.1007/978-3-031-28728-2_18


390 F. Del Lama Soares

potential to create unprecedented extreme weather events (Intergovernmental Panel 
on Climate Change 2012, 2014). Disaster risk is the potential disruption of human 
systems due to hazardous event (s) caused by natural or human-induced hazards 
(United Nations 2016). 

Disaster risk management (DRM) and climate change adaptation/mitigation are 
approaches to handle disaster risk and climate change. Whereas DRM aims to 
prevent the emergence of new disaster risks and to reduce and manage existing risk 
(United Nations 2016), climate change mitigation focuses on tackling the anthro-
pogenic causes of climate change (e.g. greenhouse gases emissions), and climate 
change adaptation is centred on adjusting human systems to changes in the climate 
(Intergovernmental Panel on Climate Change 2014). 

There are two main streams of policy integration research involving climate 
change and disaster risk. The first is concerned with the mainstreaming of climate 
change efforts (CC), be it for adaptation or mitigation, and/or disaster risk manage-
ment into development planning (e.g. Carby 2018; Clar and Steurer 2019; Russel 
2019). The second focuses on the integration of DRM and CC, with a particular focus 
on climate change adaptation (CCA) (e.g. Venton and La Trobe 2008; Schipper 2009; 
Birkmann and von Teichman 2010;Dias et al.  2021). This chapter falls into the second 
stream of integration studies. 

Disaster risk management and climate change adaptation are discussed in the 
literature in terms of their synergies, as well as the challenges and barriers that hinder 
their integration (see Islam et al. 2020). Among the barriers commonly mentioned 
is the mismatch between integrated approaches and the separation of those policy 
domains and funding structures at the international level (Hay 2012; United Nations 
Office for Disaster Risk Reduction 2013; Handmer et al. 2014; Nalau et al. 2015). 
Nevertheless, such barriers did not prevent countries from pursuing and sustaining 
integrated policy approaches at the national level. 

Pacific Island Countries (PICs) are among the pioneers in adopting DRM and 
CC/CCA integrated policy approaches. Several previous studies have analysed this 
experience (Gero et al. 2011; Hay  2012; Bijay et al. 2013; Secretariat of the Pacific 
Regional Environment Programme 2013a; United Nations Office for Disaster Risk 
Reduction 2013; Handmer et al. 2014; Oxfam 2016; Vachette 2017; Ronneberg and 
Leavai 2019; Natoli 2020; Hallwright and Handmer 2021). However, there is a lack of 
work that systematically reviews policy integration across multiple countries, while 
taking into consideration the international context in which such integration emerged 
and is sustained. This is the focus of this chapter. 

Exploring countries’ policy trajectories and trends within the context of global and 
regional international CC and DRM arrangements can shed light on the interactions 
across levels and serve as a steppingstone to understanding and theorizing internal 
and external factors of policy change, as well as its implications to countries’ overall 
risk governance. Thus, such a macro perspective serves as a useful background to 
open avenues for further research on DRM and CC integration that transcend the 
identification of synergies, challenges, and barriers. It can also contribute to advance
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on the explanation of integrated approaches endurance at the national level in PICs, 
and the role such approaches can play in current times of unprecedented crisis. 

Aims and Objectives 

This chapter aims to provide a contextualized overview of DRM and CC policy 
integration trajectories and trends in Pacific Island Countries. In order to achieve 
this, this chapter analyses patterns of policy change in these countries against the 
backdrop of key global and regional disaster risk and climate change governance 
milestones, with the purpose to open avenues for further discussion and research in 
the field of DRM and CC integration in PICs. 

Material and Methods 

The present study is part of a larger research project. One of this project’s objectives 
is to understand what DRM and CC integrated policies in Small Island Developing 
States (SIDS) in the Pacific are, and this has driven the selection of study cases anal-
ysed in this chapter. Due to the absence of consensus on a list of SIDS, study case 
countries were selected based on the following criteria: (i) membership in the United 
Nations,1 (ii) membership in the Alliance of Small Island States,2 and; (iii) member-
ship in the Pacific Islands Forum.3 Countries that were members of those three 
institutions were selected as case studies: Federated States of Micronesia, Fiji, Kiri-
bati, Marshall Islands, Nauru, Palau, Papua New Guinea, Samoa, Solomon Islands, 
Tonga, Tuvalu, and Vanuatu. 

A desktop review was conducted between August 2019 and August 2020 to 
map policy documents that addressed disasters, disaster risk, and climate change 
in the 12 selected PICs. The document collection was conducted in three rounds. 
The first round consisted of searching, country by country, for policy documents 
on the following online platforms: Prevention Web,4 NAP Central,5 and Voluntary 
National Reviews Database (Sustainable Development Goals—SDGs).6 Those plat-
forms were selected for the initial search as they provide an online space where 
countries’ policy documents are publicly available. Policy documents identified in 
those platforms were selected when they: (i) were related to disaster/emergency

1 https://www.un.org/about-us/member-states. 
2 https://www.aosis.org/about/member-states/. 
3 https://www.forumsec.org/who-we-arepacific-islands-forum/. 
4 https://www.preventionweb.net/knowledge-base/type-content/policy-plans?term_node_tid_ 
depth=All&field_policy_type_target_id=All&items_per_page=8. 
5 https://unfccc.int/NAP-CENTRAL. 
6 https://sustainabledevelopment.un.org/vnrs/. 
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management, disaster risk reduction/management, and climate change efforts; and 
(ii) were issued by the national government. In the second round, these selected 
documents were reviewed in search of references to additional relevant policy docu-
ments. In this second round, countries’ latest SDG Voluntary National Review Report, 
and Nationally Determined Contributions/National Communications available in the 
Voluntary National Reviews Database and the United Nations Framework Conven-
tion on Climate Change (UNFCCC)7 ,8 websites, respectively, were consulted to 
ensure all relevant documents were mapped. The third round of document collection 
was conducted by searching the additional policy documents on countries’ official 
websites and via the Google search engine. Whenever available, documents were 
downloaded for analysis. A total of 133 documents were identified, of which 83 
were available for download (see Annexs 1 and 2 for the list of documents available 
and unavailable for download). 

Following the identification of the 83 publicly available policy documents in the 
desktop review stage, a qualitative, deductive content analysis was then undertaken. 
This content analysis was based on a framework proposed by Candel and Biesbroek 
(2016). Candel and Biesbroek (2016) identify four dimensions of policy integration: 
policy frame, subsystem involvement, policy goals, and policy instruments. These 
four dimensions were used to ‘code’ different aspects of the 83 policy documents. 
The results discussed in this chapter focus exclusively on the dimensions (i.e. codes) 
related to ‘policy frame’ and ‘policy goal’. The ‘policy frame’ dimension includes 
sub-codes related to types of hazards addressed in the policy, and the ‘policy goal’ 
dimension includes sub-codes related to the approaches policies include in their 
scope (e.g. disaster management, CCA, etc.). This content analysis underpins the 
policy modality classifications that are presented in the results section. 

The key global and regional disaster risk and climate change governance mile-
stones were identified via historical timelines provided by the United Nations 
Framework Convention on Climate Change (UNFCCC) (United Nations Framework 
Convention on Climate Change 2021a) and United Nations Office for Disaster Risk 
Reduction (UNDRR) (United Nations Office for Disaster Risk Reduction 2021a) 
websites. Identified official decision documents were then reviewed for references 
of CC and DRM integration. This non-exhaustive mapping exercise was conducted 
to provide an overview of the global context. An official historical timeline was 
not identified for the Pacific region. Thus, regional milestones were identified in 
grey and academic literature reviewed as part of the larger research project. In this 
case, governance milestones related to the formalization of international agreements 
for CC and/or DRM, and joint CC and DRM events were considered in this study. 
Reports and agreements related to those milestones were reviewed using the same 
protocol applied to the global milestones. The document collection and analysis were 
conducted in October and November 2021.

7 https://unfccc.int/non-annex-I-NCs. 
8 https://www4.unfccc.int/sites/ndcstaging/Pages/Home.aspx. 
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Results 

The results are presented in two subsections. The first subsection presents the findings 
of the content analysis in the form of a policy modality classification. The second 
subsection presents an analysis of the policy integration trajectories and trends and, 
in doing so, draws parallels with key global and regional disaster risk and climate 
change governance milestones. 

Policy Modality Classification 

In the context of this study, developing a policy modality classification is useful as 
it allows the differentiation between policy artefacts, thus enabling the analysis of 
patterns of policy change over time. Within the diversity of policy documents anal-
ysed, broad policy categories were identified based on the approaches they include 
(stand-alone or integrated) and types of hazards/issues addressed. These categories 
are described in Table 18.1. 

National Policy Trajectories 

According to the classification described above, PICs have adopted assorted types 
of policies to address disasters, disaster risk, and climate change over the period 
between 1980 and 2020 (Fig. 18.1). Often these policies are stand-alone and focus 
mainly on single issues but, in some cases, they integrate approaches for managing 
climate change, disasters, and disaster risk, and attempt to align objectives, priorities, 
and activities. According to the classification presented in Table 18.1, from the 12 
countries analysed, eight presented at least one integrated policy: Kiribati, Marshall 
Islands, Federated States of Micronesia, Nauru, Palau, Tonga, Tuvalu, and Vanuatu.

As represented in Fig. 18.1, most of the countries considered in this review have 
initiated their policy trajectories by adopting disaster management instruments. This 
reflects the discourse, not only at the region but also at the global level, in which 
disasters are understood principally as a phenomenon to be managed rather than 
prevented (Jones et al. 2015; United Nations Office for Disaster Risk Reduction 
2019). These policies mainly establish emergency protocols to prepare, respond and 
recover from disasters, and to mobilize resources domestically and internationally 
for relief. 

Disaster risk management policies started to emerge in the 1990s, coinciding with 
the beginning of the International Decade of Natural Disaster Reduction (IDNDR), 
which was a global initiative established by the United Nations General Assembly in 
1987 (United Nations 1987). This initiative aimed to raise awareness among member 
states regarding the need of efforts for risk reduction and sectoral mainstreaming.
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Table 18.1 Policy modalities classification 

Stand-alone policy 

Scope Disaster Management The document addresses one or multiple 
hazards and mainly provides a 
strategy/activities for disaster/emergency 
response 

Disaster Risk Management (DRM) The document addresses multiple hazards and 
mainly provides a strategy/activities for risk 
management/reduction (alone or in addition to 
disaster management arrangements), with or 
without reference to climate change impacts as 
one of the underlying factors of disaster 

Climate Change Adaptation (CCA) The document addresses climate-related issues 
and mainly provides a strategy/activities for 
climate change adaptation 

Climate Change (CC) The document addresses climate-related issues 
and mainly provides a strategy/activities for 
climate change adaptation and mitigation 

Integrated policy 

Scope Balanced The document blends CC/CCA and DRM 
scopes in a balanced way (e.g. multi-hazards, 
rapid and slow onset impacts) 

CC overarching The document blends CC/CCA and DRM 
scopes, but prioritizes the CC/CCA scope (e.g. 
neglecting or undermining non-climatic 
hazards/impacts)

In doing so, the initiative fostered a shift in countries’ mentality towards a more 
preventive risk management approach. This initiative led to the development of the 
first global agreement for DRM, the Yokohama Strategy and Plan of Action for 
a Safer World (1994–2004), and later the creation of a secretariat in the United 
Nations System to serve as the focal point for DRM—the United Nations Interna-
tional Strategy for Disaster Reduction (UNISDR) (United Nations Office for Disaster 
Risk Reduction 2021a). These arrangements set the stage for the development of a 
DRM global governance system. Parallel to these developments in the DRM arena, 
the first IPCC Assessment Report on Climate Change was released in 1990 pushing 
for the establishment of the Intergovernmental Negotiating Committee for a Frame-
work Convention on Climate Change. This led to the adoption of the United Nations 
Framework Convention on Climate Change (UNFCCC) in 1992 (United Nations 
Framework Convention on Climate Change 2021a). 

Despite those global developments during the 1990s, it was only from 2005 that 
DRM policies became more prevalent among the countries in the Pacific region. 
Policies, particularly those from 2005 onwards, went a step further to consider the 
full cycle of disaster risk management, emphasizing the prevention and mitigation of
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risk by articulating more explicitly efforts for risk reduction and including references 
to climate change. 

Climate change-related policies also started to emerge from 2005, starting with 
CCA policies. The emergence of CCA policies is mostly due to Least Developed 
Countries’ international engagement in the development of National Adaptation 
Programs of Action (NAPAs) to access the Least Developed Countries Fund. Those 
NAPAs became the first climate change-related instrument to be developed at the 
national level in the region. After this wave of CCA policies, there was a prolifera-
tion of climate change-related policies, in which the mitigation component was also 
brought into the agenda. 

The period around 2005 was also emblematic at the regional and the global levels. 
At the global level on the DRM front, the Hyogo Framework for Action: Building 
the Resilience of Nations and Communities to Disasters 2005–2015 (HFA) was 
adopted. This Framework articulates the relationships between climate change and 
disasters (United Nations Office for Disaster Risk Reduction 2005), reflecting earlier 
discussions on the synergies between DRM and CC held by the UNISDR Task-
force. This Taskforce later became the Global Platform for Disaster Risk Reduc-
tion (Inter-Agency Task Force on Disaster Reduction 2004). On the CC side, the 
UNFCCC’s Kyoto protocol entered into force binding industrialized countries to 
reduce greenhouse gases emissions, and, in 2006, the Nairobi Work Program was 
created to support countries to integrate CCA into development programs, and to 
create methodologies and tools to assess climate impacts and vulnerabilities (United 
Nations Framework Convention on Climate Change 2006). Also in 2007, the Adapta-
tion Fund was launched, six years after its establishment (United Nations Framework 
Convention on Climate Change 2021a). 

In the Pacific, following the global approach, regional agreements were adopted 
specifically to address DRM and CC: the Pacific Islands Disaster Risk Reduction 
and Disaster Management Framework for Action 2005–2015 (RFA) and the Pacific 
Islands Framework for Action on Climate Change 2006–2015 (PIFACC). These 
agreements established parallel regional governance systems for DRM (aligned with 
the HFA) and for CC (aligned with the UNFCCC). These agreements seem to have 
particularly influenced the way national governments in the Pacific region framed 
and articulated their policies to address disaster, disaster risk, and climate change. 
The proliferation of DRM and CC policies from 2005 that mirror and refer to those 
global and regional agreements, is evidence of this idea. However, the shift towards 
integrating CC and DRM policies—which became widespread in countries in the 
region since 2010—seems to have taken an independent road, marking the point 
where those PICs adopted an approach distinct to global and regional arrangements 
and to their own previous trajectories. 

Before the first national integrated policy (which was Tonga’s Joint National 
Action Plan on Climate Change Adaptation and Disaster Risk Management of 2010), 
sporadic references to the synergies between DRM and CC (particularly CCA) were 
articulated at the global level. An example is the UNFCCC/COP13 Bali Action 
Plan (2007), where member states called for enhanced action on adaptation and to 
consider: “Risk management and risk reduction strategies, including risk sharing
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and transfer mechanisms such as insurance” and “Disaster reduction strategies and 
means to address loss and damage associated with climate change impacts in devel-
oping countries that are particularly vulnerable to the adverse effects of climate 
change” (United Nations Framework Convention on Climate Change 2007, p. 4).  
As another example, in 2009 the Chair’s Summary of the 2nd Global Platform 
on Disaster Risk Reduction reported that “The overwhelming view of the Global 
Platform is that urgent action is required to harmonise and link the frameworks 
and policies for disaster risk reduction and climate change adaptation, and to do so 
within the broader context of poverty reduction and sustainable development (…)” 
(United Nations Office for Disaster Risk Reduction 2009, p. 2). At the regional level, 
the idea of a regional integrated approach had started to be discussed (e.g. Pacific 
Climate Change Roundtable 2009). Moreover, regional organizations, led by the 
Pacific Islands Applied Geosciences Commission (SOPAC), had started advocating 
the idea among PICs, as indicated by the Secretariat of the Pacific Regional Environ-
ment Programme (2013a) in the case of Tonga. However, it was at the national level 
that DRM and CC policy integration was first materialized, making this approach not 
only a policy innovation of the Pacific among SIDS in general9 but also a bottom-up 
movement that provided the basis for the development of the first regional integrated 
framework in 2016, the Framework for Resilient Development in the Pacific (FRDP). 

The Integration Era 

There were two waves of policy change discernible regarding the integration of 
DRM and CC, the first starting in 2010 and the second in 2018. Until the first 
wave of integration, countries were in a policy trajectory that addressed disaster risk 
and climate change in parallel, with different levels of cross-reference among them. 
Countries, like Fiji, Solomon Islands, Papua New Guinea, and Samoa remained in this 
parallel trajectory in terms of national policy arrangements, while the other countries 
took a convergent trajectory towards integration, in which they brought together CC 
and DRM policies. It is noteworthy that, in the PICs studied, most of the integrated 
policies also include climate change mitigation in their scope (exceptions are Nauru’s 
RONAdapt and Vanuatu’s National Policy on Climate Change and Disaster-Induced 
Displacement). This suggests that integration in these countries goes beyond the 
attempt to build on DRM and CCA synergies (which has been the focus of the debate 
in the literature, as indicated in the introduction of this chapter). Moreover, half of 
the countries with integrated policies also embed disaster management arrangements 
into their integrated policy scope. This suggests a holistic approach towards risk in 
which they address all phases of the disaster risk management cycle (See Annex 1).

9 It is important to note that the Maldives, was the only small island developing state out of the 
Pacific that adopted an integrated approach at the same period (December 2010), only a few months 
after Tonga endorsed its JNAP (July 2010). 



398 F. Del Lama Soares

The first wave of integrated policies started to emerge in the region in 2010, being 
Tonga the pioneer, followed by Tuvalu (2012), Micronesia (2013), Marshall Islands 
and Kiribati (2014), Palau and Nauru (2015), and Vanuatu (2016). Special cases are 
Nauru and Palau, which did not have a climate change policy prior to integration, and 
thus have “leap-frogged” into an integrated approach where CC-related objectives 
were articulated including DRM arrangements that were already in place. Most of 
these policies were characterized as having a balanced scope suggesting the coun-
tries’ understanding and willingness to address risk from a multi-hazard perspective 
considering both climatic and non-climatic drivers of risk. Tuvalu and Palau are the 
exceptions, as they present a Climate Change Overarching Integrated Policy in which 
climate-related hazards are emphasized. 

At the global level, the period between 2010 and 2015 was marked by several 
relevant milestones. First, the adoption of the Cancun Adaptation Framework, at the 
UNFCCC/COP16 in 2010, which called for action on “Enhancing climate change 
related disaster risk reduction strategies, taking into consideration the Hyogo Frame-
work for Action, where appropriate, early warning systems, risk assessment and 
management, and sharing and transfer mechanisms such as insurance, at the local, 
national, subregional and regional levels, as appropriate” (United Nations Frame-
work Convention on Climate Change 2010, p. 5). Then, the creation of the Green 
Climate Fund (GCF) in the same year. Another key milestone for the approximation 
of the DRM and CC agenda was the creation of a Work Program on Loss and Damage 
at the COP17 in Durban (2011), which later led to the establishment of the Warsaw 
Loss and Damage Mechanism in 2013 (United Nations Framework Convention on 
Climate Change 2021a). The 3rd and 4th Global Platforms on Disaster Risk Reduc-
tion, conducted in 2011 and 2013, also reiterated the need for an integrated approach 
to disaster risk reduction, climate change adaptation, and sustainable development. 
This is evident in paragraph 8.10 of the 3dr Global Platform Chair’s Summary: “Avoid 
the inefficient use of existing resources by ensuring technologies for risk reduction are 
accessible as a means for adaptation and promoting integrated approaches to develop-
ment that address climate change adaptation, disaster risk reduction and ecosystem 
management and restoration” (United Nations Office for Disaster Risk Reduction 
2011, p. 3). At the Pacific regional level, a Joint Platform Meeting on Disaster Risk 
and Climate Change was carried out in 2013 bringing together, for the first time, the 
regional agreements’ implementation and coordination mechanisms, the Pacific Plat-
form for Disaster Risk Management (PPDRM), and Pacific Climate Change Round 
Table (PCCR). This event opened the space for DRM and CC communities of practice 
to establish a common ground of work and to gather support from member states to 
develop a regional integrated strategy, which would later become the FRDP (Secre-
tariat of the Pacific Regional Environment Programme 2013b). These milestones 
reinforced PICs’ integrated approach and opened the opportunity for more articula-
tion between DRM and CC arrangements at regional and global levels, which in turn 
could result in a better harmonization with PICs integrated policies. 

The second wave of integration is characterized by the review/update of the inte-
grated policies. Only two of the policy artefacts representing this second wave were 
available for analysis: Kiribati’s Joint Implementation Plan for Climate Change and



18 Climate Change and Disaster Risk Management Policy Integration … 399

Disaster Risk Management 2019–2028 (KJIP2) and Tonga’s Joint National Action 
Plan 2 on Climate Change and Disaster Risk Management 2018–2028 (JNAP2). 
Based on the analysis of these documents, it was possible to observe a shift in focus 
towards climate change. For instance, even though Kiribati’s KJIP2 has a balanced 
scope in terms of hazards addressed, when presenting its linkages to other national 
frameworks it fails to include the National Disaster Risk Management Plan (NDRMP 
2012) alongside the country’s latest Climate Change Policy (2018) (see Govern-
ment of Kiribati 2018, p. 62). This contrasts with the arrangements presented in the 
country’s previous integrated policy (see Government of Kiribati 2014, p. 38). More-
over, the KJIP2 was developed alongside the Climate Change Policy (2018), bringing 
these two in close alignment, whereas the NDRMP was not updated concomitantly. 
Another interesting link to the climate change agenda in the case of Kiribati, is the 
fact that the KJIP2 was submitted to the UNFCCC as Kiribati’s National Adaptation 
Plan in 2020 (United Nations Framework Convention on Climate Change 2021b). 

In the case of Tonga, the JNAP2 (2018) places significantly more focus on climate-
related impacts, restricting the reference to other hazards to a minimum (see Govern-
ment of Tonga 2018, pp. 1, 17), in contrast to the comprehensive hazard profile 
description presented on the JNAP1. It also explicitly makes reference only to climate 
change impacts in its rationale (see Government of Tonga 2018, p. 23). Therefore, the 
JNAP2 is classified as a Climate Change Overarching Integrated Policy. Moreover, 
the JNAP2 does not refer to DRM policies and recurrently indicates its linkage and 
alignment with Tonga’s Climate Change Policy—A resilient Tonga by 2035 (2016) 
(see, for example, Government of Tonga 2018, pp. 23, 26), as opposed to the JNAP1 
which referred to both the National Emergency Management Plan (2009) and the 
Climate Chance Policy (2006). Furthermore, among the integrated policies analysed, 
this was the only document that received funds from the Green Climate Fund for its 
formulation. 

Paradoxically, this second wave of national policy integration and its shift towards 
climate change emphasis happened at a time when a turn towards integration was 
being materialized at both the regional and the global levels. For instance, at the 
regional level, the FRDP superseded previous separated regional agreements (RFA 
and PIFACC) and established a regionally integrated governance system. At the 
global level, for the first time, agreements for DRM (Sendai Framework), CC 
(Paris Agreement/UNFCCC), and Sustainable Development (Agenda 2030 and the 
Sustainable Development Goals) were forged almost simultaneously allowing cross-
pollination (United Nations Office for Disaster Risk Reduction 2019). Also, on the 
technical side, both the UNFCCC and the UNDRR have taken efforts to increase 
coherence between their processes and activities. This can be observed, for example, 
in the UNFCCC technical paper on the opportunities for integration of CCA into the 
Sendai Framework and Sustainable Development Goals (United Nations Framework 
Convention on Climate Change 2017) and the UNDRR supplementary guidelines 
for promoting better coherence between disaster risk reduction and the National 
Adaptation Plan process (United Nations Office for Disaster Risk Reduction 2021b). 
However, despite these examples signalizing a convergent trajectory towards integra-
tion at regional and global levels, it is noteworthy that the imbalance in international
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finance—with higher volumes to climate change (Hay 2013), and the escalation of 
the climate crisis along with its recognition as a security issue (Rasheed 2021) are  
arguably powerful forces for the prioritization of the climate change agenda. 

Conclusion 

This chapter analysed policy trajectories PICs have taken to address disasters, disaster 
risk, and climate change against key global and regional milestones for climate 
change and disaster risk governance. By doing so, this chapter demonstrated that 
PICs have followed a similar parallel pathway as global and regional arrangements, 
until the post-2010 period when they embarked upon CC and DRM policy integration. 
This indicates that DRM and CC policy integration in the Pacific region is a policy 
innovation for risk governance driven by PICs’ national governments. 

Secondly, it demonstrated that most of these integrated policy approaches initially 
presented a balanced scope, in that they addressed multiple hazards and took into 
consideration both climatic and non-climatic drivers of risk. Furthermore, it showed 
that some of these policies also integrated climate change mitigation and disaster 
management into their scope. This suggests a holistic approach to risk governance 
at the national level, which goes beyond building on disaster risk management and 
climate change adaptation synergies. 

Finally, this chapter identified that the second generation of integrated policies 
tends to emphasize climate change-related issues, overshadowing other non-climate-
related hazards and drivers of risk. Such a shift towards a Climate Change Overar-
ching approach has happened in a period where, paradoxically, DRM and CC inte-
gration is getting traction in regional and global arenas, but also at a time where 
the climate crisis and the imbalance of international resources for CC and DRM are 
increasingly evident. Given that climate change is the major challenge PICs currently 
face, and where most of the international cooperation resources are being concen-
trated, it is understandable that there is a tendency in those countries to prioritize 
climate change adaptation efforts. However, framing the multiple problems PICs face 
this way, could end up undermining efforts towards risk reduction of other hazards 
to which those countries are also exposed (e.g. Tsunami, epidemics, earthquakes, 
volcano eruptions, etc.) (United Nations Economic and Social Commission for Asia 
and the Pacific 2021). This could result in an “Achilles heel” type of situation, which 
could take governments and societies by surprise and generate catastrophic impacts, 
as has been learned with the COVID-19 pandemic. 

With the climate change crisis increasingly taking over the agenda of many of the 
small island developing countries in the world, and particularly in the Pacific, it is 
important that governments, as well as regional and global CC and DRM communities 
of practice, are attentive to broader risks to make sure integrated approaches can serve 
the purpose of being a holistic instrument for risk governance. 

The findings of this chapter have implications for the research and practice of DRM 
and CC policy integration. The findings shed light on PICs’ agency and leadership in
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policy integration practice; they point to the need to consider disaster management 
and climate change mitigation in the scope of holistic risk governance, and; they 
call attention to the potential effects of CC-biased integrated policies to PICs risk 
governance. In this way, this review opens avenues for practitioner reflection and 
research in the field of DRM and CC integration in small island developing countries 
in the Pacific. 

Research Limitations 

The findings presented are based on the analysis of documents publicly available 
and, therefore, can only provide a partial view of the trajectories of countries’ policy 
frameworks for risk governance. For instance, the findings on trends related to the 
scope of integrated policies were based on only two cases and therefore would need 
to be reassessed in the future when more policies are revised and available to the 
public. Also, due to the high number of documents assessed, only specific aspects 
of the policies were analysed. This limited a deeper understanding of the roles and 
challenges of policy integration in the context of each PIC, and the meaning of such 
trends to those countries. 

A further limitation is that this study did not assess the levels of implementation 
of those policies and, therefore, is unable to make inferences on the effects of such 
policy choices on countries’ risk governance in practice. 

Recommendations for Future Research 

In light of the limitations of this study and its purpose to provide an overview of policy 
trajectories and trends, this chapter serves as a background for further discussion and 
research in the field of DRM and CC integration in PICs. As such, the analysis raises 
a few points that could be considered in future research. Firstly, on the DRM and CC 
integration as a policy innovation among small island developing states, countries’ 
deviation from regional and global trends could be explored from the lenses of 
developing countries’ agency and policy ownership in contrast to the siloed global 
and regional funding systems. Secondly, the inclusion of climate change mitigation 
and disaster management into integrated policies could be further explored to expand 
the understanding of holistic risk governance approaches and move the debate beyond 
disaster risk management and climate change adaptation synergies. Thirdly, the role 
of policy integration for the practice of DRM and CC and the challenges PICs face 
to integrate and sustain those policies could be further explored. Finally, the shift 
of integrated policies towards emphasizing climate change impacts could be further 
investigated to understand its implications for countries’ risk governance.
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Annex 1—Documents Available and Analysed (n = 83) 

Country Document Classification 

Fiji Fiji Disaster Management Plan (1995) DM 

Fiji Fiji Natural Disaster Management Act 
(1998) 

DM 

Fiji National Climate Change Policy (2012) CC 

Fiji Fiji Tsunami Response Plan (2017) DM 

Fiji National Adaptation Plan Framework (2017) CCA 

Fiji National Adaptation Plan (2018) CCA 

Fiji Fiji’s National Disaster Risk Reduction 
Policy (2018–2030) 

DRM 

Fiji Planned Relocation Guidelines—A 
Framework to Undertake Climate Change 
Related Relocation (2018) 

CCA 

Fiji Low Emission Development Strategy (2018) CC 

Kiribati National Disaster Act (1993) DM 

Kiribati National Adaptation Programme of 
Action—NAPA (2007) 

CCA 

Kiribati Disaster Risk Management Plan (2012) DRM 

Kiribati National Framework for Climate Change 
and Climate Change Adaptation (2013) 

CC 

Kiribati Kiribati Climate Change Policy (2018) CC 

Kiribati Joint Implementation Plan for Climate 
Change and Disaster Risk Management 
(2014–2023)*∞ 

Integrated-balanced 

Kiribati Joint Implementation Plan for Climate 
Change and Disaster Risk Management 
(2019–2028)*∞ 

Integrated-balanced 

Kiribati Disaster Risk Management and Climate 
Change Act (2019)*∞ 

Integrated-balanced 

Marshall Islands National Disaster Management Plan (1997) DM 

Marshall Islands National Climate Change Policy Framework 
(2011) 

CC 

Marshall Islands Republic of the Marshall Islands National 
Disaster Risk Management Arrangements 
(2017) 

DRM 

Marshall Islands 2050 Climate Strategy (2018) CC 

Marshall Islands National Action Plan for Disaster Risk 
Management (2008–2018) 

DRM 

Marshall Islands Joint National Action Plan for Climate 
Change Adaptation and Disaster Risk 
Management (2014–2018)*∞ 

Integrated-balanced

(continued)
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(continued)

Country Document Classification

Micronesia Disaster Relief Assistance Act (1989) DM 

Micronesia Multi-State Multi-Hazard Mitigation Plan 
for FSM (2005) 

DRM 

Micronesia Nationwide Climate Change Policy (2009) CC 

Micronesia Nationwide Integrated Disaster Risk 
Management and Climate Change Policy 
(2013)∞ 

Integrated-balanced 

Micronesia Climate Change Act (2013)∞ Integrated-balanced 

Micronesia National Disaster Response Plan (2016) DM 

Nauru Disaster Risk Management Act (2008) DRM 

Nauru National Disaster Risk Management Plan 
(2008) 

DRM 

Nauru Framework for Climate Change Adaptation 
and Disaster Risk Reduction (RONAdapt) 
(2015) 

Integrated-balanced 

Nauru National Disaster Risk Management Act 
(2016) 

DRM 

Palau Republic of Palau Pandemic Influenza 
Response Plan (2005) 

DM 

Palau National Disaster Risk Management 
Framework (2010) 

DRM 

Palau Climate Change Policy—for Climate and 
Disaster Resilient Low Emissions 
Development (2015)∞ 

Integrated-CC Overarching 

Palau National Disaster Risk Management 
Framework _ Amended (2016) 

DRM 

Papua New Guinea Disaster Management Act (1984) DM 

Papua New Guinea National Contingency Plan for Preparedness 
and Response for Influenza Pandemic Papua 
New Guinea (2006) 

DM 

Papua New Guinea National Climate Compatible Development 
Management policy (2014) 

CC 

Papua New Guinea Climate Change Management Act (2015) CC 

Papua New Guinea Paris Agreement Implementation Act (2016) CC 

Papua New Guinea National Disaster Mitigation Policy (2010) DM 

Papua New Guinea Disaster Risk Deduction and Disaster 
Management National Framework for 
Action (2005–2015) 

DRM 

Papua New Guinea Forestry and Climate Change Framework for 
Action (2009–2015) 

CC 

Papua New Guinea Papua New Guinea National Disaster Risk 
Reduction Framework (2017–2030) 

DRM

(continued)
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(continued)

Country Document Classification

Samoa National Adaptation Plan for 
Action—NAPA (2005) 

CCA 

Samoa National Policy of Combating Climate 
Change (2007) 

CC 

Samoa Disaster and Emergency Management Act 
(2007) 

DM 

Samoa National Disaster Management Plan (2011) DRM 

Samoa National Disaster Management Plan (2017) DRM 

Samoa National Disaster Management Plan (2006) DRM 

Samoa Samoa National Action Plan for Disaster 
Risk Management (2011–2016) 

DRM 

Samoa Samoa National Action Plan for Disaster 
Risk Management (2017–2021) 

DRM 

Solomon Islands National Disaster Council Act (1990) DM 

Solomon Islands National Adaptation Plan for 
Action—NAPA (2008) 

CCA 

Solomon Islands National Disaster Risk Management Plan 
(2010) 

DRM 

Solomon Islands National Disaster Management Plan (2018) DM 

Solomon Islands National Climate Change Policy 
(2012–2017) 

CC 

Tonga National Disaster Plan and Emergency 
Procedure (1997) 

DRM 

Tonga Emergency Management Act (2007) DM 

Tonga National Emergency Management Plan 
(2009) 

DRM 

Tonga Tsunami Plan (2012) DRM 

Tonga Climate Change Policy—A Resilient Tonga 
by 2035 (2016) 

CC 

Tonga Tropical Cyclone Winston Response Plan 
(2016) 

DM 

Tonga Joint National Action Plan on Climate 
Change and Disaster Risk Management 
(2010–2015)∞ 

Integrated-balanced 

Tonga Joint National Action Plan 2 on Climate 
Change and Disaster Risk Management 
(2018–2028)∞ 

Integrated-CC Overarching 

Tuvalu National Disaster Management Plan (1997) DM 

Tuvalu National Disaster Management Act (2007) DM 

Tuvalu National Adaptation Programme of 
Action—NAPA (2007) 

CCA

(continued)
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(continued)

Country Document Classification

Tuvalu National Strategic Action Plan for Climate 
Change and Disaster Risk Management 
(2012–2016)*∞ 

Integrated-CC Overarching 

Tuvalu Te Kaniva—Climate Change Policy (2012) CC 

Vanuatu Meteorology Act (1989) DM 

Vanuatu National Adaptation Programme for 
Action—NAPA (2007) 

CCA 

Vanuatu National Disaster Plan (2010) DM 

Vanuatu National Policy on Climate Change and 
Disaster-induced Displacement (2018) 

Integrated-balanced 

Vanuatu National Disaster Risk Management Bill 
(2018) 

DRM 

Vanuatu Recovery Strategy 2020–2023: TC Harold 
and COVID-19 (2020) 

DRM 

Vanuatu National Disaster Act 2006 (2000) DM 

Vanuatu Priorities and Action Agenda 
2006–2015—Supplementary for 
Mainstreaming Disaster Risk Reduction and 
Disaster Management (2006) 

DRM 

Vanuatu Disaster Risk Reduction and Disaster 
Management National Action Plan 
(2006–2016) 

DRM 

Vanuatu Meteorology, Geo-hazards, and Climate 
Change Act (2016)∞ 

Integrated-balanced 

Vanuatu Climate Change and Disaster Risk 
Reduction Policy (2016–2030)*∞ 

Integrated-balanced 

Note Integrated policy includes: *Disaster management, ∞Climate Change Mitigation 

Annex 2—Other Documents Mapped, But Unavailable 
for Analysis (n = 50) 

Country Document 

Fiji Fiji Drought Response Plan (2015) 

Fiji Draft Climate Change Adaptation Strategy (2011) 

Fiji National Climate Change Policy Framework (2007) 

Fiji National Humanitarian Policy for Disaster Risk Management (2017) 

Fiji Climate Change and Health Strategy Action Plan (2016–2020)

(continued)
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(continued)

Country Document

Fiji Disaster Risk Management Agriculture Strategy (2010) 

Fiji Fiji National Influenza Pandemic Plan (2006) 

Fiji Emergency Manual (1979) 

Fiji Clean Development Mechanism (CDM) Policy Guideline (2008) 

Fiji National REDD + Policy (2011) 
Kiribati Climate Change Adaptation Policy and Strategy (2005) 

Kiribati Avian and Pandemic Influenza Preparedness and Response Plan (2008) 

Kiribati Draft National Disaster Management Plan (1995) 

Kiribati Draft National Disaster Plan (2010) 

Marshall Islands Joint National Action Plan for Climate Change Adaptation and Disaster 
Risk Management (2018) 

Marshall Islands National Disaster Risk Management Arrangements (2012) 

Marshall Islands Hazard Mitigation Plan (1994) 

Marshall Islands National Disaster Manual (1994) 

Marshall Islands National Adaptation Plan 

Marshall Islands Disaster Assistance Act (1987) 

Marshall Islands RMI National Emergency Response Plan (2010) 

Marshall Islands National Disaster Management Plan (1987) 

Marshall Islands Drought Disaster Plan (1996) 

Marshall Islands Standard Hazard Mitigation Plan (2005) 

Marshall Islands RMI Climate Change Roadmap (2010) 

Micronesia FSM Pandemic Influenza Plan (2008) 

Micronesia Disaster Preparedness Plan 

Micronesia FSM Climate Change and Health Action Plan (2011) 

Nauru Tsunami Support Plan (2011) 

Palau National Disaster Management Plan (1998) 

Papua New Guinea Climate Compatible Development Strategy 

Papua New Guinea Office of Climate Change and Environmental Sustainability Policy 
Framework 

Papua New Guinea REDD Framework (2007/2008) 

Samoa Disaster and Emergency Management Act (2006) 

Samoa National Disaster Management Plan and Emergency Procedures (2000) 

Samoa Samoa National Avian and Pandemic Influenza Preparedness Plan (2008) 

Samoa National Tropical Plan (2007) 

Samoa National Tsunami Plan (2008) 

Samoa Emergency Response Plan for Animal and Plant Pests (2005) 

Samoa National Fire Plan (2009) 

Solomon Islands National Disaster Plan (1987)

(continued)
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(continued)

Country Document

Solomon Islands National Disaster Plan (1997) 

Tonga National Disaster Management Plan (1987) 

Tonga Climate Change Policy (2006–2015) 

Tonga Climate Change Policy (2015–2020) 

Tonga National Influenza Preparedness and Response Plan (2006) 

Tuvalu National Disaster Risk Management Arrangements (2012) 

Tuvalu National Disaster Management Plan (1978) 

Vanuatu National Disaster and Emergency Plan (1987) 

Vanuatu National Disaster Recovery Framework 
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Chapter 19 
Mainstreaming Agri-Compatible Virtual 
Resource Flows in Agri-Food System 
Adaptation to Climate Change 
in the Caribbean 

David Oscar Yawson and Michael Osei Adu 

Abstract Climate change does not only threaten to amplify hydrometeorological 
disaster risks (to which the Caribbean countries are highly exposed and vulnerable) 
but also to unravel the agri-food systems of the Caribbean. Land and water are indis-
pensable to food production but are scarce in the Caribbean Small Island Developing 
States where food imports play a major role in food security. Food trade indirectly 
circulates productive resources such as land and water and this has been captured in 
the virtual resource flow concept. However, Caribbean states have failed to realize 
and take strategic advantage of the virtual resource flow concept in a manner compat-
ible with resource and food supply needs. Since food trade will play important role 
in future food security, it is worthy of consideration as part of a suite of adapta-
tion measures. This chapter uses agri-compatible virtual land use associated with 
maize production and trade in Barbados to promote the need for mainstreaming 
virtual resource flows in the adaptation of agri-food systems to climate change in 
the Caribbean. Gaps and linkages in the production-trade-consumption nexus are 
explored in relation to agri-food system resilience based on the virtual resource flow 
concept in a changing climate. The chapter concludes that strategic use of agri-
compatible virtual resource flows can be instrumental to the adaptation of Caribbean 
agri-food systems in the face of resource scarcity and climate change.
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Introduction 

Agri-food systems face manifold challenges: increased demand for diverse and nutri-
tious food, dwindling productive resources, and climate change. Demand for food 
is expected to increase considerably in the next few decades. For example, global 
average meat consumption is projected to reach about 49 kg per person per year 
in the 2050s, or 91 kg per person per year in rich countries, with a corresponding 
increase in feed demand at 1.1 billion tonnes (Alexandratos and Bruinsma 2012). 
Land availability is fundamental to food production. Globally, agriculture accounts 
for the largest share of land use, with a significant share (about 25% of global land 
surface) used to support animal feed production (Foley et al. 2011). Feed use accounts 
for about 50% of total global crop production (Herrero et al. 2015) and 35% of total 
grain produced (Alexandratos and Bruinsma 2012). At the same time, the area of 
arable land is expected to decrease significantly due to pressures from urbaniza-
tion, economic development, anthropogenic degradation, and climate change. As a 
result, land scarcity, a situation where more than 60% of a country’s prime and good 
arable land is already committed to production or regular cultivation (Alexandratos 
and Bruinsma 2012), will be a major constraint to food production. Climate change 
threatens to escalate the biophysical stresses on biomass production and crop yields, 
enhance land degradation, and increase competition from other land use sectors. For 
example, climate mitigation measures or policies might unintentionally have adverse 
impacts on food supply (Hasegawa et al. 2018; Rowe et al.  2009; Yawson et al.  2017, 
2020). The threat and impacts of climate change to agri-food systems are geograph-
ically disparate but particularly escalated in regions that are also noted to be highly 
vulnerable (Zimmermann et al. 2018; Yawson  2020; Huang et al. 2011). A combi-
nation of these factors would likely shape relative productive capacities, create new 
geographies of food surplus and deficits, and therefore demand a broader swath of 
adaptation measures for agri-food systems. 

Food commodity trade provides a vital bridge between food-scarce and food-
surplus regions and, thus, enables spatial decoupling of resource constraints and food 
supply. Trade would continue to play vital roles in future agri-food system resilience 
and food security (Zimmermann et al. 2018) in the face of the adverse impacts of 
land scarcity and climate change on agri-food systems. The added advantage of 
food trade is the classical economic notion that traded commodities embody and 
indirectly circulate productive resources consumed in their production (Huang et al. 
2011; Ansink  2010). The utility of this idea for coupled resource-food security policy 
has been rationalized in the virtual resource concept (Yawson 2013). For a unit food 
commodity that is traded, the virtual land use transferred is a product of the virtual 
land use content and the quantity of the food commodity traded (Würtenberger et al. 
2006; Yawson  2021). Virtual land use content refers to the area of land used in 
producing that unit of food commodity which is traded. While there is a copious 
body of literature on virtual water, few studies have focused on estimates of virtual 
land use (e.g., Kastner and Nonhebel 2010; Kissinger and Rees 2010; Fader et al. 
2011; Fader et al. 2013; Qiang et al. 2013; Yawson  2021) or its utility for agri-food 
system adaptation to climate change (Yawson 2021).
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Inherent in the virtual resource concept is the proposition that countries faced with 
food insecurity due to limited or scarce productive resources can import resource-
intensive food commodities to overcome the challenge of both resource scarcity and 
food insecurity. So, nations faced with land scarcity, for example, can maintain food 
security by using food commodity trade to overcome the constraint of land scarcity. 
However, this promise and the virtual resource concept itself were met with sharp 
criticisms when first introduced via the virtual water concept by Allan (1998). The 
ensuing debate (see Neubert and Horlemann 2008; Yawson  2013), summarized here, 
remains active. On one hand, it was argued that the qualifier ‘virtual’ was unnecessary 
for something or a term that is already clearly named and understood, and was 
therefore misleading (Merrett 2003a, b). Indeed, it is the food commodity, not the 
embodied resource, that is traded. In response, Allan (2003) argued that the qualifier 
was a useful metaphor to capture both the intensive (resource use in production) 
and extensive (impact of food trade and consumption on resource balances, uses 
or policies in the trading nations) sides of the virtual resource concept. As a result, 
focusing on the intensive side alone constitutes an incomplete view. In the same vein, 
an overfocus on the resource alone, rather than a coupled resource-food security 
perspective, should be an incomplete view (Yawson 2013; Yawson et al.  2013). 
The extensive side provides an opportunity to analysing the potential impact of 
food commodity trade on overcoming domestic constraints to production due to 
resource limitations and maintenance of food security in the destination country. 
Another argument against the inherent promise of the virtual resource concept was 
the limitation of the practical utility of the resource savings (if at all) for policy and 
practice in the destination country (Yawson 2013). Here, the argument and research 
effort have been to generate evidence that resource scarcity underpins the structure, 
direction, and magnitude of virtual resource transfers (Yawson 2013). 

Food commodity trade is underpinned by several factors, ranging from biophysical 
to socio-economic and political. It is therefore difficult to isolate a target resource 
scarcity as the singular driver of trade. Rather, food security imperatives might be 
a strong determinant of food imports. As a result, the utility of the virtual resource 
concept for policy, or the related debate, needs to be re-focused on a coupled resource-
food security perspective rather than limiting it to only the resource. To this end 
and to address these issues, the idea of agri-compatible virtual resource flow was 
introduced. A detailed description of the idea of agri-compatibility can be found 
in Yawson (2013) and Yawson et al. (2013). In short, agri-compatibility suggests 
that, prior to analysing the value of food commodity trade for resource savings, two 
conditions should be met: (i) the production of the target food commodity in the 
importing nation should be limited by the target resource (a situation referred to 
as agri-compatible resource scarcity), and (ii) the food commodity import should 
address food insecurity resulting from gaps in production due to resource scarcity 
(i.e., resource-dependent food import). In other words, the magnitude of food import 
should, at least, correspond to or exceed the gap in food production introduced by 
the resource scarcity. By so doing, the partial or complete impact of virtual resource 
flows on addressing both food insecurity and resource scarcity can be ascertained,
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as well as its utility for policy and practice. Agri-compatibility lends further strength 
to the utility of the virtual resource concept for resource-food security policy. 

The Sixth Assessment Report (AR6) of the Intergovernmental Panel on Climate 
Change (IPCC) indicates that anthropogenic warming of the atmosphere, ocean, and 
land has certainly occurred, with resultant increases in the frequency, intensity, and 
severity of impacts of extreme events such as droughts, heatwaves, heavy precipita-
tion, and tropical cyclones (IPCC 2021). The report indicates that, without aggressive 
mitigation actions, increase in global mean temperature could reach 4 °C by the end 
of this century. As Tropical Small Island Developing States (SIDS), Caribbean coun-
tries are not only among the most vulnerable to climate change, but also face acute 
land and water scarcity (FAO and CDB 2019; Karmalkar et al. 2013). The Caribbean 
agricultural sector is dominated by smallholder, rainfed production systems that are 
highly exposed and vulnerable to climate change (FAO 2019). Previous climate-
related disasters have had devastating impacts on Caribbean agriculture (FAO 2015). 
Climatic studies show that the Caribbean is becoming increasingly drier, and drought 
conditions and heavy precipitation events would become highly frequent and perva-
sive in the future (FAO 2015; Karmalkar et al. 2013). The destabilizing impacts of 
climate change on agri-food systems are already being felt in the Caribbean through 
the increased frequency and intensity of hydrometeorological disasters, including 
droughts, floods, and hurricanes (FAO 2015). Currently, Caribbean countries depend 
considerably on food import to ensure food security. For example, annual food import 
to the Caribbean Community (CARICOM) is estimated at about US$ 5 billion, with 
some countries importing more than 50% of their food needs (CARICOM Today 
2021). Yet, Caribbean countries have not given due consideration to incorporating 
the virtual resource flow concept into the suite of measures for adapting agri-food 
systems to climate change. Agri-compatible virtual land use can serve as an analyt-
ical lens for food security contexts and support the design of a useful mix of adaptive 
production and trade strategies in response to land scarcity and climate change at 
varying administrative and temporal scales. The objective of this chapter is to use 
the virtual land use associated with maize production, trade, and consumption in 
Barbados to promote the need for mainstreaming agri-compatible virtual resource 
flows in agri-food system adaptation to climate change in the Caribbean and other 
regions. 

Methods 

Barbados (13° 10’ N, 59° 30’ W) is the Easternmost Island in the chain of the Eastern 
Caribbean Small Island States (see Fig. 19.1). It has an area of 430 square kilometres 
or 166 square miles and is divided into 11 parishes. It has a tropical, sub-humid 
climate with distinct wet season (June-November) and dry season (December-May). 
Barbados has a population of about 287,000 and is one of the most densely populated 
countries in the world as it has 663 persons per square kilometre (UNEP 2010). 
Agriculture used to be the main backbone of the economy but has recently been
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Fig. 19.1 The Caribbean Island States (left) and Barbados with its 11 parishes (right) 

superseded by tourism and financial services. As a result, and as observed in other 
Caribbean countries, food import has increased dramatically. Currently, Barbados 
imports more than 50% of its food needs and food import bill is estimated to be more 
than US$500 million per annum. 

Data were derived from the FAOSTAT database and the Food Balance Sheet 
(FBS). The FAOSTAT database provides data on food production, trade, and other 
information at national level. The database is globally and temporally consistent, 
permitting national comparisons of food production and trade over time. The FAO 
FBS (FAO 2001) provides an account of national food supply balances (from produc-
tion, imports, and exports) and distribution of available supplies to different uses for a 
given reference year. It is therefore a useful tool that is widely used to assess national 
food shortages and supplies across the world. The FAOSTAT database was used to 
identify the top food commodity import to Barbados. Maize was identified to be 
the topmost food commodity imported to both the Caribbean and Barbados. Data 
on maize production for Barbados for the period 2010–2019 were then extracted 
from the database. Similarly, a detailed maize trade matrix for Barbados for the 
same period was generated. The trade matrix shows the import and export partner 
countries that Barbados traded maize with for the period of interest. The latest FBS 
of Barbados was used to identify the distribution of total maize supply to end uses 
(or consumption) in Barbados. From this, it was observed that feed use accounted 
for 86% of total quantity of maize supplied for domestic use, while direct consump-
tion as food accounted for only 10%. Maize is largely used as energy source in 
monogastric feed formulation. As a result, the production, trade, and consumption 
of poultry was analysed from both the FAOSTAT database and the food balance sheet. 
Amongst all animal meat, poultry has the largest per capita food supply (46.78 kg)
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per annum in Barbados. For poultry meat, total import amounted to only 13% of 
domestic production. 

The extracted data was analysed in Microsoft Excel. Charts on trends of maize 
production and trade were generated. The main trading partners were identified 
and their respective contributions to total trade with Barbados were decomposed. 
Subsequently, virtual land use transfers to and from Barbados were estimated as 
follows: 

Virtual land use content (VLUC, ha) = TP 
Y 

Virtual land use export (VLUE, ha) = VLUC × Qe 

Virtual land use import (VLUI, ha) = VLUC × Qi 

Net virtual land use (NVLU, ha) = VLUI − VLUE 

where TP denotes total production or quantity; Y, denotes yield; Qe denotes Quantity 
exported; and Qi denotes Quantity imported. 

Subsequently, the equivalent land demand (total area of land, in ha, that would 
have been required to produce the total quantity of maize imported, given Barbados 
yield) was estimated. Then, residual land (i.e., total arable land less the cultivated 
area, which was assumed to be 70% of arable land area for each year studied as 
indicated in the FAO database) was calculated. Agri-compatible land scarcity was 
estimated as the difference between the equivalent land demand and the residual 
land. The corresponding maize deficit was calculated to represent agri-compatible 
import to fill the gap in supply created by land scarcity. The difference between the 
net virtual land use and the equivalent land demand was also computed to gauge land 
use efficiency in relation to the Barbadian maize trade. 

Results 

Production and Trade 

Availability of arable land is an important indicator of food production potential. 
The area of arable land in Barbados has declined steadily from the year 2000 to 
2017 (Fig. 19.2). For this period, arable land of Barbados ranged from 15,000 to 
7,000 ha. While the area of arable land remained somewhat stable for the period 
2004–2009 at 13,000 ha, it declined more steeply than the period before 2004. In the 
absence of productivity gains, Fig. 19.2 shows a declining food production potential 
for Barbados and increasing land scarcity.
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For the period 2010–2019, total maize production in Barbados increased slightly 
from 260 tonnes in 2010 to 340 tonnes in 2013 (Fig. 19.3). It then declined sharply 
to 81 tonnes in 2014 and never recovered to 2019. Total maize production in 2019 
was 42 tonnes and total maize production for the entire period (2010–2019) was 
1,713 tonnes. The curve of total area harvested corresponded very well with the total 
production curve (Fig. 19.3), showing the dependence of the latter on the former, 
with little variation in yield. Total area harvested was highest in 2013, with a value 
of 120 ha, and least in 2019 (15 ha). Overall, Fig. 19.3 shows that current maize 
production in Barbados is very low. 

For the period 2010–2019, total import of maize to Barbados from partner coun-
tries ranged from 3 to 37,501 tonnes, with a median value of 35 tonnes. Total annual 
import for the period studied ranged from 28,956 tonnes to 37,585 tonnes (Fig. 19.4).

0 

2 

4 

6 

8 

10 

12 

14 

16 

Ar
ab

le
 la

nd
 a

re
a 

(x
10

00
 h

a)
 

Fig. 19.2 Arable land area for the period 2000–2017 
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Fig. 19.3 Total maize production (metric tonnes) and area harvested (ha) for the period 2010–2019 
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Fig. 19.4 Total annual maize import for the period 2010–2019

The grand total for the entire period and all source countries was 323,325 tonnes. 
All the imports originated from six countries (Fig. 19.5). Out of these six countries, 
the United States of America (USA) accounted for 99.75% of total maize import, 
indicating the most important and stable source of maize to Barbados. This was 
followed by Jamaica which accounted for 0.16% (the most important Caribbean 
partner). Imports from Canada and the Dominican Republic occurred only once in 
2019 (3 tonnes) and 2011 (6 tonnes), respectively. Imports from Trinidad and Tobago 
occurred only from 2010–2012, while imports from Jamaica occurred from 2012 to 
2019 but was highly variable. Barbados exported only three tonnes of maize to St. 
Kitts and Nevis in each of 2018 and 2019. Overall, Fig. 19.4 shows that, in Barbados, 
demand for maize is high and less variable, and that this demand is largely served 
by imports in contrast with very low export. 

Virtual Land Use 

Net virtual land use was calculated as import less export. As a result, positive values 
indicate net import or gain. For the period studied, virtual land use transfers (gains 
in this case) per partner country ranged from 0.32 ha (Canada) to 3,930 ha (USA). 
Total annual net virtual land use gains ranged from 2,670.86 ha to 3,961.37 ha 
(Fig. 19.6). While virtual land use gains declined marginally from 2010 to 2017, 
it seems to have picked up an increasing trend from 2017. Again, as would be 
expected, the USA contributed the largest share of total land use gains to Barbados 
via maize import. This was followed by Jamaica and Trinidad and Tobago as the
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Fig. 19.5 Total import (log scale) and sources for the period 2010–2019

main Caribbean sources. Estimates of equivalent land demand can be a proxy for 
contribution to global land use efficiency, as well as the degree to which trade helps 
overcome local resource constraint to food production. The equivalent land demand 
in Barbados (i.e., given Barbados productivity, the total area of land that would have 
been required to produce the quantity of maize imported) ranged from 9,079.06 in 
2012 to 13,010.19 ha (Fig. 19.6, primary vertical axis). Net land deficit represents 
the area of land that would have been required to produce the net imported maize if 
unused (residual) arable land was cultivated to maize (in other words, deducted from 
the equivalent land demand). In the current study, 30% of arable land was considered 
residual as the FAO database shows that about 70% of arable land in Barbados is 
committed to cultivation. Net land deficit, which represents agri-compatible land 
scarcity in this study, ranged from 5,779.06 ha to 10,196.07 ha (Fig. 19.7, left panel). 
The corresponding maize deficit (representing agri-compatible import) ranged from 
18,493 tonnes to 28,549 tonnes (Fig. 19.7, right panel). These values are highest for 
the year 2019 due to higher import quantity and lower area of arable land. However, 
variations in import volumes per country over the years underpin the yearly variations 
in net virtual land use and equivalent land demand or land deficit. In all, Figs. 19.6 
and 19.7 show that Barbados gains large area of virtual land use but this is actually 
a fraction of the total area of land that would have been required to produce the 
imported maize domestically.
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Fig. 19.6 Net virtual land use transfer (secondary vertical axis) and the equivalent land demand in 
Barbados (primary vertical axis) 

Fig. 19.7 Land deficit (ha) after accounting for 30% usable arable land (left panel) and resulting 
maize deficit (tonnes) (right panel) 

Discussion 

This study assessed the virtual land use gains of Barbados via maize trade to promote 
the need to mainstream agri-compatible virtual resource flows in the adaptation of 
agri-food systems to climate change in the Caribbean and elsewhere. As indicated 
earlier, agri-compatibility has two basic requirements: (i) agri-compatible resource 
scarcity and (ii) resource-dependent import. The results show that Barbados faces 
land scarcity, and its limited arable land has declined steadily from the year 2000 
(Fig. 19.2). The area allocated to maize production was not just low but also declined 
sharply in the period studied. It is not clear what could account for the sharp decline
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in the area allocated to maize production. However, these, coupled with low yields, 
drove down total production. Imports remained quite steady over the period studied. 
This suggests that maize is important to Barbados and that land scarcity might 
contribute substantially to the observed scale of imports. The magnitude of net import 
observed in the current study cannot be supported by the total arable land of Barbados. 
The magnitudes of imports were more than 30 times the level of domestic produc-
tion for each year in the period studied. Correspondingly, both the equivalent land 
demand and net land deficit were about twice the total available arable land. Addi-
tionally, the curve of the harvested area closely matched that of total production, 
suggesting a strong dependence of the latter on the former throughout the period 
studied. It can be deduced that while Barbados needs maize for its food security 
and is able to grow maize, land scarcity is or could be a major constraint to higher 
domestic production to significantly reduce the observed magnitude of import. Feed 
use accounts for the largest share of maize utilization in Barbados but this underpins 
poultry production for which imports are much lower compared to maize. Poultry 
meat has the largest per capita supply in Barbados and this underscores the impor-
tance of maize for Barbadian food security. It can therefore be said that the observed 
results in the current study considerably satisfy the requirements of agri-compatible 
virtual resource flows as land scarcity seemed to contribute substantially to the scale 
of maize imports. 

The observed reduction in arable land area in Barbados is like most countries in the 
Eastern Caribbean. Globally, declines in the area of arable land per person have been 
observed and this would likely continue to the future (Alexandratos and Bruinsma 
2012). Availability of land would be crucial for increasing total food production 
whether the biophysical limit of productivity gains is reached or not (Pollock 2011; 
Alexandratos and Bruinsma 2012;Yawson  2013). Regardless of the impact of climate 
change, it is unlikely that the land scarcity of Barbados could improve substantially to 
permit Barbados to meet its maize requirement via domestic production. For countries 
or regions that face land scarcity, for example, some gains in virtual land use would be 
helpful in conserving limited resources and maintaining food security. In the current 
study, the range of virtual land use gains or land savings (Fader et al. 2013; Qiang 
et al. 2013; Yawson  2021) was substantial (about half or more than half of the total 
available land for the years studied). This suggests that maize trade helps Barbados 
fill the gap in production or demand created by local land scarcity. Additionally, 
Barbados contributes to global land use efficiency because its equivalent land demand 
or net land deficit is higher than the net virtual land use (Yang et al. 2006; Fader et al. 
2013; Yawson  2021). In other words, maize is imported from countries with higher 
land productivities than Barbados itself. Given the current low yields, it is improbable 
that Barbados might substantially increase yields or production in the face of climate 
change as this will require substantial long-term investment. 

The instrumentality of food commodity trade for overcoming local food security 
challenges in the context of climate change has been highlighted (Zimmermann et al. 
2018; Yawson  2020) but not so much about the possibility for addressing resource 
challenges. Trade enables spatial decoupling of gaps in local food production due 
to resource constraint from the supply of rich, diverse, and large quantities of food
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(Fader et al. 2013). It is in this context that food trade is viewed as a crucial instrument 
for agri-food system adaptation to the uneven adverse impacts of climate change 
(Zimmerman et al. 2018;Yawson  2020) and points to the utility of the virtual resource 
concept for coupled resource-food security adaptation policy (Yawson et al. 2020). 
Obviously, food trade is underpinned by multiple factors and it is difficult to single 
out a resource as the main driver of trade. It is for this reason that agri-compatibility 
contends that analysis of the utility of virtual resource flows for policy should be based 
on coupled resource-food security goals. From such a perspective, the contribution 
of an agri-compatible resource scarcity to food import (and for that matter virtual 
resource flows) to serve food security needs can be realized. Agri-compatibility 
provides an opportunity for analyzing the feedback relationships between resource 
balances, production, and trade to support strategies or policies for production-trade 
mix that are harmonious with resource scarcity and food security goals. In the case of 
Barbados or the Caribbean, this can be applied in the context of adaptation planning 
or efforts at increasing domestic production for import substitution. 

Barbados faces acute land and water scarcity. It is in a region that is highly 
vulnerable to the adverse impacts of climate change on food production. Barbados 
is currently a large, net food importer and this might not significantly change to 
the nearest future. Given these conditions, it is important for Barbados to seriously 
consider a broader agri-compatibility-based analysis of its food trade in relation to 
resource conservation and food security goals, and mainstreaming agri-compatible 
virtual resource flows in its suite of agri-food system adaptation plans. Such an 
integrated approach can help Barbados design adaptation policies or strategies that 
spread and minimize future trade risks associated with key food commodities, such 
as maize. In the current study, the USA supplies almost all the maize import to 
Barbados and this is risky. Mainstreaming agri-compatible virtual resource flows 
into adaptation plans or policies can enable Barbados to identify key food commodi-
ties and their production-trade thresholds to support sustainability of food security 
and local livelihoods. It can help Barbados identify source partner countries that 
engage in sustainable production practices to optimize virtual resource gains, and 
strategically replace those that face production penalties in the future due to climate 
change or other risks. Finally, it can foster a transparent approach to virtual resource 
accounting as an input to strategic resource (such as land or water) management or 
policy decisions for agri-food system resilience to climate change. Mainstreaming 
virtual resource flows in adaptation policy decisions implies taking an expanded and 
a more holistic view of the value of food commodity trade. It means understanding 
and quantifying the collateral benefits of food commodity trade in addressing not 
just food insecurity but also the conditions that drive food insecurity. By influencing 
the availability of productive resources, climate change will affect food produc-
tion, and for that matter food availability, which is the foundation of food security. 
Mainstreaming agri-compatible virtual resource flows would be both a process and 
a state. As a process, mainstreaming here would require an explicit recognition of 
the dual value of agri-compatible virtual resource flows, and subsequent incorpo-
ration into adaptation policy goals, processes, and institutions. This process will, 
in turn, require an understanding of the impacts of climate change and resource
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scarcity on Caribbean food production and adoption of an expanded view of adapta-
tion measures and policies that include agri-compatible virtual resource flows. Once 
the mainstreaming of agri-compatible virtual resource flows into policy or adapta-
tion measures is achieved (state), trade strategies and practices that harmoniously 
balance domestic resource and food security goals should become conventional and 
routine. In all, agri-compatibility helps keep a focus on a trade strategy that is strongly 
premised on tightly-coupled resource-food security goals. 

Limitations 

This chapter was based on a single crop and country, albeit a clearly important food 
commodity for the food security of Barbados and the Caribbean. Such a single crop 
approach might not capture the full picture of the balance between resource scarcity 
and domestic food production in relation to trade. However, it helps bring a sharp 
focus to the issue and the value of an agri-compatible approach. Future studies can 
increase the number of food commodities and, potentially, countries involved. The 
approach used in this chapter appears simplistic but intuitive. The approach is at initial 
stages of methodological development, but its value is demonstrated. An improved 
quantitative approach would be a helpful step forward. 

Conclusions 

The adverse impacts of climate change on resource use and food production would be 
geographically uneven. Trade would continue to be crucial for global food security 
as it bridges regions with surpluses to those with deficits. Because virtual resource 
circulation is coupled to food trade flows, it can be strategically used as part of adap-
tation measures of agri-food systems to climate change. To this end, however, virtual 
resource flows need to be agri-compatible to be effective. The current chapter aimed 
to use maize-based virtual land use of Barbados to promote a need to mainstream 
agri-compatible virtual resource in agri-food system adaptation to climate change 
in Barbados and the Caribbean. Barbados was found to have limited arable land 
and faced land scarcity, especially in relation to maize production. Regardless of the 
reasons for low domestic production, maize seemed very important to Barbados and 
so large imports, corresponding to net land deficits, were sustained through the period 
studied. Barbados gains considerable virtual land use from food commodity trade. 
The virtual land use gains of Barbados, though huge, are about a third of the equiv-
alent land that would be required for domestic production and, therefore, contribute 
to global land use efficiency. It is concluded that virtual land use gains to Barbados 
based on maize considerably satisfy the agri-compatibility requirements as arable 
land scarcity might make considerable contribution to the observed magnitudes of 
maize import. Given the unique characteristics of Barbados (and, by extension, the
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Caribbean), such as large net food importer, high land and water scarcity, and high 
vulnerability to climate change, there is instrumental value in the strategic use of agri-
compatible virtual resource flows as an integral component of measures or plans for 
agri-food system adaptation to climate change. This is necessary to designing adap-
tation strategies focused on production-trade mix for key food security commodities 
in balance with resource availability or scarcity. Mainstreaming of agri-compatible 
virtual resource flows in adaptation policies or strategies should be viewed as both a 
process and a state. The first step in the process would be a recognition of the dual 
value of food trade for addressing coupled resource-food security goals to permit 
consideration in adaptation policies and strategies or measures. As a state, trade 
practices and strategies that simultaneously enhance the security of both food and 
target resources should become verifiably the norm. The current study is limited in the 
number of crops and countries involved, but this was necessary to attempt a demon-
stration of the value of agri-compatibility. Future studies can expand the number of 
crops and/or countries and improve the quantitative aspect of the agri-compatibility 
approach. 
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Chapter 20 
Climate Change Perceptions 
and Adaptation Strategies in Vulnerable 
and Rural Territories 

Filipa Marques, Fátima Alves, and Paula Castro 

Abstract The consequences of climate change are unavoidable, making adaptation 
actions more important than ever. The engagement of communities and civic partic-
ipation is also essential in adaptation strategies, and part of that involves studying 
citizens’ perceptions of climate change. This chapter aims to understand and discuss 
how people’s perceptions of climate change, mainly those belonging to rural and 
vulnerable communities, evolved over time and are important in designing adapta-
tion strategies tailored to their local vulnerabilities and territorial contexts that may 
effectively increase climate change resilience to climate change. 

Climate Change: Consequences and Plan of Action 

Climate change results from anthropogenic emissions of greenhouse gases, mainly 
carbon dioxide, methane, and nitrous oxide, causing the observed global warming 
since the mid-twentieth century (IPCC 2014). These conditions are expected to bring 
multiple severe environmental impacts in different world regions. Many of them are 
already being felt, such as changes in the water cycle, rainfall patterns, or rising sea 
levels (IPCC 2021). 

Climate change is a global problem with local impacts that differ between regions 
and countries, influenced by their level of development, socioeconomic and demo-
graphic conditions, politics, culture, systemic vulnerabilities and adaptive capacity 
(McMichael 2003; Santos and Miranda 2006; Glaas et al. 2010; IPCC  2014, 2018; 
Loureiro et al. 2017). 

However, the difficulties will be felt differently by developing countries, whose 
vulnerabilities are more pressing than those of developed countries (Santos and 
Miranda 2006; COM  2007, 2009; IPCC  2014; Dasgupta et al. 2014). In addition,
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some populations are more vulnerable than others, such as communities whose 
livelihoods depend on agriculture and coastal resources (IPCC 2018). Other target 
groups include the elderly, children, women and people with disabilities or financial 
difficulties (MEA 2005; COM  2009; European Commission 2021a; Eriksen et al. 
2021). 

Southern Europe and regions like the Mediterranean, where Portugal is located, 
are also particularly susceptible to climate change (Diário da República 2019; Echave 
et al. 2019). Impacts such as sea-level rise, water scarcity, heat waves, droughts or 
forest fires will be of the most deeply felt (Santos and Miranda 2006; COM  2007; 
Bindi and Olesen 2010; European Commission 1995–2021a; Echave et al. 2019). 

According to the Intergovernmental Panel on Climate Change, some of these 
changes, like the sea level rise, will be irreversible for the next hundreds to thousands 
of years, and unless “rapid and large-scale reductions” in the emissions of greenhouse 
gases are placed in effect, the goal of not increasing the average temperature by 
more than 1.5 °C will not be accomplished (IPCC 2021). With this scenario in 
mind, both mitigation and adaptation actions are paramount to tackle climate change 
(Pietrapertosa et al. 2018). Adaptation measures, especially, will hold a relevant role, 
considering that we are not likely to reach the target of 1.5 °C or even 2 °C, as the 
IPCC (2021) mentioned in their press release. 

Mitigation refers to measures that have the goal of decreasing the emissions of 
greenhouse gases (IPCC 2014), while adaptation implies improving the capacity of 
people/communities to adjust and adapt to the changes in climate and its associated 
effects that will occur in different sectors of society and if possible, explore potential 
benefits and opportunities that come with those changes (Storbjork 2010; European 
Commission 2014; Alves et al. 2020). No country has the same capacity to adapt, 
especially developing countries that experience more constraints when compared 
to developed ones (Dasgupta et al. 2014; IPCC  2018). There are various limits to 
adaptation; they can be either physical, ecological, technological, economic, political, 
institutional, psychological or sociocultural (Vasconcelos et al. 2013; Shackleton 
et al. 2015; IPCC  2019; Mechler et al. 2020). 

The data so far indicates that the cost of not adapting is higher than that of doing 
so (European Environment Agency 2007; European Commission 2014, 2021a, b, 
c, d; COACCH 2018). The European Commission (2014) estimates the costs of not 
adapting could reach up to 250 billion e by 2050. Nevertheless, it is fundamental 
to note that adaptation measures will only work if they help people achieve a 
“reasonable standard of living” (Roy et al. 2020). They must also consider “poverty 
and sustainable development”; inequalities derived from gender, ethnicity, age, 
social class or disability (Shackleton et al. 2015; IPCC  2018; Eriksen et al. 2021) and 
consider the past and current sociopolitics of the regions they are aimed at (Eriksen 
et al. 2021). Otherwise, adaptation measures can result in trade-offs or negative 
impacts in those areas and even increase the vulnerability of the populations they 
aim to help (Shackleton et al. 2015; IPCC  2018; Eriksen et al. 2021). An example 
of this is Gambella, in Ethiopia, where adaptation measures increased the tensions 
in the region due to their impact on human security (Milman and Arsano 2013).
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The success of climate policies is dependent upon collaboration, being at an 
international, national, regional or local scale, between private and public institutions 
or between governments, local powers and citizens (Santos and Miranda 2006; COM  
2007, 2009; Ahmad et al. 2012; Wolf and Moser 2011; European Commission 2014, 
2021a, b; IPCC  2014; Guerra et al. 2015; IPCC  2018). The exchange of information 
and good practices between countries is encouraged by the European Union in their 
Strategy on Adaptation to Climate Change, including the support of actions at the 
regional and local level (European Commission 2021b). 

Adaptation measures work better when they are suited to local contexts and 
their motivations, abilities and resources, including being informed by local knowl-
edge and the involvement of communities (IPCC 2018). Some policies count on 
the behavioural response of individuals for their success (Wolf and Moser 2011). 
Public participation and their perception of climate change is hence crucial for the 
implementation and success of climate policies (IPCC 2014, 2018). 

The Case of Europe and Portugal 

So far, mitigation has been a priority for Europe. However, the urgency for territories 
to become more resilient to climate change (Pietrapertosa et al. 2018) has been driving 
adaptation actions and policies, which are currently being increasingly developed 
and implemented throughout the European Union (European Environment Agency 
2018). Presently, 29 out of 33 European countries have a National Adaptation Strategy 
to Climate Change (European Environment Agency 2019). Portugal is a leading 
example as it was one of the first European countries to adopt in 2010 a National 
Climate Change Adaptation Strategy that was later revised in 2020. The plan of action 
is particularly concerned with what was considered to be the major vulnerabilities of 
the country: extreme weather events, forest fires, sea-level rise and coastal erosion 
(Diário da República 2019). 

For the European Union, extreme climate events are also very concerning due to 
their economic and social impacts (European Commission 2021a). Economic losses 
related to these events account for over 12 million e per year, a value that may reach 
to 170 billion e in a scenario where global warming reaches 3 °C pre-industrial 
levels (European Commission 2021b, d). 

As the impacts of climate change are unavoidable, the European Union seeks 
to reduce its emissions by 55% by 2030 (European Commission 2021a, b, c, d; 
European Commission 1995–2021a) and promote its climate resilience by 2050 
(European Commission 2021b, d). To achieve this goal, the European Union plans 
to promote and finance adaptation actions at multiple levels, including helping local 
authorities to move from plan to action, especially those under the European Union’s 
Covenant of Mayors for Climate and Energy (European Commission 2021b). 

These objectives are not mere empty ambitions, as they are translated into laws 
as foreseen by the First European Climate Law (European Commission 2021a, b,
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c, d). Furthermore, its objective is to make information accessible to all citizens and 
not only to decision-makers (European Commission 2021b). 

Local and Vulnerable Communities 

Climate change impacts are context-specific, and each country’s vulnerability level 
depends on many factors. The involvement of local authorities is fundamental for 
an adequate adaptation strategy (Gentle et al. 2018) since almost half of the world’s 
population lives in small rural municipalities (Bausch and Koziol 2020). The Euro-
pean Environmental Agency highlights the need to involve municipalities in national 
strategies and share knowledge across all sectors (Campos et al. 2017), as implied by 
the European Union Strategy on Adaptation to Climate Change (European Commis-
sion 2021a). Despite this, research involving municipalities (local geographical 
scales) is usually neglected (Bausch and Koziol 2020). 

Rural areas, in particular, are especially vulnerable to climate change (Houghton 
et al. 2017; Echave et al. 2019) due to their often ageing population (Echave et al. 
2019) and migration to areas with better job opportunities and resources such as 
cities and the littoral, as it is the case in Portugal (Gouveia 2009; Echave et al. 
2019; Oliveira and Penha-Lopes 2020). These circumstances lead to desertification 
and abandonment of the land, including agricultural (and forest) landscapes (Tonini 
et al. 2018; Oliveira and Penha-Lopes 2020), which entail several socioeconomic 
and ecological consequences (Oliveira and Penha-Lopes 2020). 

Rural regions and small municipalities may not have the required planning 
capacity or resources to adapt to climate change (Vasconcelos et al. 2013; Bausch 
and Koziol 2020; Pattison et al. 2021). Many times, people such as farmers adapt in 
their own way to changing climate conditions (Kihila 2017; Kichamu et al. 2018), but 
their actions are mostly reactive and autonomous, lacking the proper understanding 
and financial resources to function well in the long-term (Kichamu et al. 2018; Rijal 
et al. 2021). In order to avoid such situations, local and national authorities must act 
appropriately (Kichamu et al. 2018; Lone et al. 2020). 

Adaptation actions have been primarily implemented through a top-down 
approach which can lead to actions that do not address the real needs of vulner-
able communities (Fenton et al. 2014; Reid et al.  2015; Eriksen et al. 2021). A 
top-down approach refers to policies created by the government with the assistance 
of technical expertise, which is then implemented at the local level, while a bottom-
up approach tries to formulate and implement policies with the participation of the 
local community. A top-down approach is generally preferred when difficulties faced 
by bottom-up approaches are recognised, such as lack of information, incentives and 
resources, which are constraints to effective policy implementation (Fenton et al. 
2014). 

Many municipalities reveal a gap between the discussion of climate policies and 
their implementation. Their ability to adapt may be weak, especially in municipalities 
with less than 5,000 inhabitants, as is the case in many regions of Europe (Bausch and
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Koziol 2020). Even though a top-down approach is usually the preferred type, bottom-
up approaches have been advocated for and implemented since the 90s (Kirkby et al. 
2018). They are viewed as an effective management method and a way of ensuring 
that local communities and marginalised groups in society have a say in climate 
policies (Harris 2014; Chaudhury et al. 2016). 

Some countries, including in regions like the Middle East and North Africa, are 
evolving from a top-down approach to another one that endeavours to incorporate 
the perspective of local communities and increase their resilience (Froehlich and 
Al-Saidi 2018). Community-based adaptation (CBA) is an example of an approach 
that aims to increase the adaptive capacity of local and vulnerable communities to 
climate change (Allen 2006; Fenton et al. 2014; Chaudhury et al. 2016; Kirkby et al. 
2018). In Europe, this is foreseen by the Covenant of Mayors for Climate and Energy, 
which aims to act at the local level to reduce CO2 emissions by 40% until 2030. An 
effective climate policy at the local level is indispensable, not only due to the reasons 
mentioned above but because the lack thereof can be a driver of vulnerability and 
further increase social inequalities (Gentle et al. 2018). 

Current research emphasises the need for communication and integration of local 
narratives and perceptions in adaptation strategies and overall climate policies (Reid 
et al. 2015; Gentle et al. 2018; Hugel and Davies 2020; Lai et al. 2021; Alizadeh et al. 
2022). Many municipalities and governments follow a top-down approach with an 
absence of citizens’ involvement in local policies (Carvalho et al. 2014; Bausch and 
Koziol 2020), which may explain the lack of awareness of its citizens about the local 
government initiatives towards climate change in some cases (Marques 2019). Never-
theless, in the European Union, citizens expect local policymakers and the adminis-
tration to act and take responsibility (Bausch and Koziol 2020), as demonstrated in 
the Eurobarometer’s results regarding climate change where national governments 
and the European Union are considered the main parties responsible for acting. 

On another note, even community-based approaches can be problematic and 
not give much space for the participation of local communities and marginalised 
people (Eriksen et al. 2021). Many of these initiatives are still dominated by local 
governments or municipalities (Thaler et al. 2019). In these cases, real engagement 
of the local communities is lacking. In engaging with communities, Nkoana et al. 
(2018) consider good practices the use of their livelihoods, recognising their culture 
“do’s and don’ts”, the community leaders, the priorities of vulnerable stakeholders 
and communication about climate change that should be two-sided. Other studies 
preferred a combination of top-down and bottom-up approaches for a more effec-
tive floods mitigation strategy (Genovese and Thaler 2020) and water management 
(Girard et al. 2015). 

Perceptions of Climate Change 

Public perceptions of climate change have evolved. How people perceive global 
warming climate change is dependent on many variables: their country of origin,
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culture, gender, age, socioeconomic status, pre-existing worldviews and even the 
way climate change is communicated through media. For example, messages that 
elicit negative emotions such as fear and do not present solutions tend to disengage 
individuals and not promote action, whereas communications that inspire people 
are more likely to achieve positive outcomes (Wolf and Moser 2011; Salama and 
Aboukoura 2018; Ettinger et al. 2021). Incorporating a psychological perspective 
that considers the emotions behind the message and how people may react differently 
to climate change impacts could improve the effectiveness of the message itself being 
conveyed (Hugel and Davies 2020). 

According to the systematic review of Capstick et al. (2015), between the late 
1980s and early 1990s, climate change was already known by people, although 
usually associated with the hole in the ozone layer and air pollution. By the mid-1990s 
to mid-2000s there was an increase in concern that dropped by the late 2000s, where 
there was an upsurge in scepticism and polarized opinions, attributed by scholars 
to “climate fatigue, misleading media representations, the global financial crisis of 
2008 and social attenuation of risk”. Finally, by the late 2000s and early 2010s, public 
concern towards climate change seemed to increase again (Capstick et al. 2015). 
Climate activism is rising as well, so public participation in adaptation strategies is 
becoming more relevant (Hugel and Davies 2020). 

When looking at the results of the last three Special Eurobarometer on Climate 
Change carried out by the European Commission, it is clear that climate change 
is becoming an increasingly worrying problem, both in Portugal and for European 
citizens in general (Fig. 20.1). In the Eurobarometer of 2021, for the first time, climate 
change was selected as the most severe problem the world faces (18% of responses), 
above other issues such as Poverty, Hunger and Lack of drinking water (European 
Commission 2021d).

The first national inquiry in Portugal regarding the environment was performed in 
1997. However, the Eurobarometer surveys have mentioned climate change since the 
1980s. So far, the studies about Portuguese citizens’ perceptions of climate change 
characterize the population as showing high levels of concern despite having low 
levels of information and civic participation (Schmidt et al. 2011; Schmidt and 
Delicado 2014; European Commission 2017a, b). Portuguese citizens commonly 
perceive climate change as distant and a problem of the future (Lima and Schmidt 
1996; Whitmarsh 2008; Brechin and Bhandari 2011; Adger et al. 2013). Climate 
change is considered less important than environmental problems such as pollution 
and extreme weather events (Lima and Schmidt 1996; Schmidt et al. 2011; Schmidt 
and Delicado 2014; Valente et al. 2017) or health and poverty issues (Lima and 
Schmidt 1996; European Commission 2017b; Alves et al. 2017). 

The most common actions practised by Europeans in 2017 were recycling and 
saving water and energy (European Commission 2017a), but that changed in the 
results of 2019 and 2021, where the most common actions were recycling and 
reducing the consumption of disposable materials (European Commission 2019, 
2021d). However, in the study of Marques (2019) in a rural municipality, in Portugal, 
those two actions (recycling and saving water and energy) are still the most practiced.
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Fig. 20.1 Percentage of people that chose climate change as the most concerning problem in the 
world (Data source European Commission 2017b, 2019, 2021d. Figure elaborated by the authors 
with copyright permission—September 2017, September 2019, July 2021 by European Union, made 
available under Creative Commons Attribution 4.0 International: https://creativecommons.org/lic 
enses/by/4.0/)

In 2021, respondents also mentioned for the first time “buy and eat more organic 
food” and “buy and eat less meat”. The responsibility to combat climate change is 
imposed mainly upon the national governments and European Union, and majority 
of the respondents think more ambitious actions should be taken by both entities 
(European Commission 2021d). 

Believing in climate change does not necessarily translate into active participation 
and climate-friendly actions (Wolf and Moser 2011; Hornsey et al. 2016; Marques 
2019), as suggested by studies where respondents demonstrated low levels of partic-
ipation (Schmidt et al. 2011; Schmidt and Delicado 2014; European Commission 
2017a, b; Marques 2019). There are multiple explanations for citizens’ inaction 
towards climate change. Some theories associate it with lack of information, time 
or money; unaccountability; scepticism or downright denial of climate change; lack 
of urgency; fatalism; feeling useless and unempowered against an overwhelming 
problem; lack of trust in information sources; faith in the role of technology to 
answer the problem; distancing themselves from climate change or simply the lack 
of willpower. Non-action from governments and companies and social norms are 
also seen as an additional barrier (Coelho et al. 2004; Cabecinhas et al. 2008; Wolf  
and Moser 2011; Morgado et al. 2017). 

Despite these listed factors, most European citizens state they take personal action 
to tackle climate change and are now more likely than before to recognise that it is 
also their responsibility. As we can see from the previous results, concern towards 
climate change is increasing (European Commission 2017a, 2019, 2021d) and is 
especially prevalent in the younger generations (European Commission 2019).

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
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Final Remarks 

The role of citizens and public participation in the success of climate policies is 
indispensable, as it has been reiterated more than once by the IPCC (2014, 2018) and 
first mentioned in the Rio Declaration at the United Nations Conference on Environ-
ment and Development (UNCED), in 1992 (United Nations 1992; Hugel and Davies 
2020). Despite their constraints, bottom-up approaches are recognized as adequate 
approaches to integrate local communities in formulating and implementing climate 
policies. Tackling climate change is a worldwide matter, but adaptation actions must 
be taken at the local level and should be accomplished according to their specific 
conditions and vulnerabilities and with real engagement from the community. 
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Chapter 21 
Human Mobility: The Invisible Issue 
in Climate Change Adaptation Policies: 
The Case of Morocco 

Carla Sofia Ferreira Fernandes , Fátima Alves , and João Loureiro 

Abstract Climate change has led countries to develop mitigation strategies and 
policies to support populations in their adaptation to its impacts. By analyzing the 
climate change adaptation policies it is possible to understand how human mobility 
is included in (or excluded from) those same policies. In the case of Morocco, 
for example, the National Plan Against Climate Change includes various actions 
that address strategic sectors. Nevertheless, in practice, most adaptation actions are 
limited to the water management and agriculture sectors, which are perceived to 
be priority sectors. Human mobility can be an adaptation strategy and/or a factor 
that further intensifies vulnerability to climate change. However, it is generally 
missing from the overall adaptation policies. Most frequently, mobility-related poli-
cies are defined in different fora that do not necessarily include climate change-
related considerations and often focus on international movements, which are a 
minority of the overall migratory movements. This study aims to analyze how the 
various national and regional climate change adaptation policies address mobility as 
a possible adaptation strategy using Morocco as a case study. 

Introduction 

Climate change interacts with other environmental factors alongside economic, polit-
ical, social and demographic triggers to influence the decision of migrating or not 
migrating at individual and household levels (Foresight 2011). The multiple triggers 
for human mobility along with the varied impacts of climate change make it difficult 
to establish a direct and exclusive link between the two. In practice, research shows 
that the economic factors are the preponderant trigger in the decision to migrate and 
that climate change contributes to a decline in the overall economic resilience of
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the communities most affected (Verner 2012; Stern  2014). Overall, there will be a 
reduction in the resources necessary to support the communities in the much-needed 
adaptation to climate change, thus intensifying their vulnerability (Stern 2014). 

Human mobility is considered by the United Nations Framework Convention on 
Climate Change (UNFCCC) as being part of Losses and Damages so it is perceived 
as a failure to adapt. The Warsaw Mechanism for Loss and Damage includes both 
economic and non-economic losses and the latter includes, in addition to human 
mobility, areas such as cultural heritage, indigenous knowledge, society/cultural 
identity among others. Nevertheless, countries have traditionally focused more on 
mitigation and adaptation in their national plans, as well as in their international 
communications related to climate change; losses and damages are not systematically 
incorporated into the plans (Rai and Acharya 2020). 

IOM (2016, p. 41) has analyzed the climate change and climate change adapta-
tion policies concerning environmental migration specifically for Morocco and has 
concluded that only remarks are included and that “[m]igration of Moroccans does 
not yet figure prominently within Morocco’s climate change policies”. Nevertheless 
the documents analyzed were more limited in number and new policies have been 
published since the study by IOM (2016). On an international level, IOM (2018) 
has created a mapping of the inclusion of human mobility within climate change-
related national policies and institutional frameworks. It has been concluded that 
most national adaptation plans and national communications include references to 
human mobility as a consequence of climate change and that a limited proportion 
of countries also include it in the Nationally Determined Contribution (NDC). For 
the countries that include human mobility within their national policies related to 
climate change only a fraction perceives it to be a possible adaptation strategy (IOM 
2018). 

This study aims to expand the number of documents analyzed by including climate 
change-related policies, as well as sustainable development-related documents and 
to identify how Moroccan authorities frame human mobility focusing on two main 
scenarios: human mobility as part of a wider analysis on Loss and Damage or as a 
possible strategy for adaptation. 

Climate Change and Human Mobility in Morocco 

Morocco is a country in the northwest of the African continent bordering both 
the Mediterranean Sea and the Atlantic Ocean. IPCC suggests that climate change 
will negatively impact Morocco, particularly in its water resources and agricultural 
productivity (Niang et al. 2014) with an expansion of its arid areas (IPCC 2021). 
Despite having a relatively low level of water consumption per capita, Morocco 
faces a situation of water stress due to a decline in the available water resources 
(Wodon et al. 2013), which is further intensified by the change in the irrigation 
techniques that have been privileging the unsustainable use of aquifers for the last 
decades (Lejars et al. 2017). The way this decline will impact the populations will be
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strongly correlated to the efficacy of the application of sound policies (de Haas 2011). 
Through its impact on water availability, climate change will also be the source of 
socioeconomic consequences due to the foreseen decline in agricultural productivity, 
which leads to a deterioration of the employment opportunities and to an increase in 
food prices to the end consumer (Taheripour et al. 2020). 

Regarding human mobility, it is largely recognized in international agreements 
to be one among possible responses of communities affected by climate change. 
Nevertheless, it is difficult to establish a direct and exclusive link between both 
phenomena: human mobility and climate change. Such difficulty arises partially from 
the complexity of the decision to migrate, which is influenced by various factors in 
addition to the environment and climate namely, economic, political, social, cultural 
and demographic factors (UNFCCC 2016). 

In terms of international awareness of the relevance of human mobility within the 
context of climate change, the first global recognition was in 2010 when UNFCCC 
adopted the Cancún Adaptation Framework at COP16, of which paragraph 14f clearly 
stated: 

Measures to enhance understanding, coordination and cooperation with regard to climate 
change induced displacement, migration and planned relocation, where appropriate, at the 
national, regional and international levels. 

Previously, on a regional level, the Kampala Convention adopted by the African 
Union in 2009 had already made similar recommendations to its member states. 
Various other platforms focus specifically on environmental mobility, such as the 
Warsaw International Mechanism for Loss and Damage from UNFCCC, which 
includes a task force dedicated to human mobility that provides recommendations 
to avert and minimize displacement as a response to climate change impacts (WIM 
TFD 2018). The Global Compact for Safe, Orderly and Regular Migration includes 
considerations on the contribution of climate change to migratory movements. The 
2030 Agenda for Sustainable Development also includes objectives that focus on 
climate change and human mobility. However, it does not formalize a link between 
both phenomena. 

Human mobility within the context of climate change can either be perceived as 
an adaptive strategy or instead as a result of a failure to adapt (Warner 2010). In 
the former, migration can either function as a strategy that removes communities 
from areas that are exposed to various climate change impacts or as one that allows 
increasing the resources available to the community of origin for it to adapt to climate 
change in the form of financial, technological or cultural remittances (Joseph et al. 
2014). When human mobility aims to remove populations from exposed areas, it 
might be initialized by the population itself or by the governing bodies through the 
application of preemptive or planned relocation. It is worth noting that even when 
populations have been resettled in a planned manner, they still face a deterioration 
of their socioeconomic level (De Wet 2006). 

Clement et al. (2021) present three different emissions scenarios and the number 
of climate migrants by the year 2050 for each of the scenarios. The values range 
from 0.5 to 1.9 million people in Morocco alone. In general, regarding the intensity
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of migratory movements, it tends to be dominated by internal mobility rather than 
international (de Haas 2011). 

In particular, for Morocco, there are various studies already available that focus 
specifically on environmental mobility. For example, Sobczak-Szelc (2008) identi-
fied a reshaping of the dynamics of socio-economic activities due to environmental 
change in a community of the Drâa Valley where the reduction of the water resources 
led to a drop in agricultural activities, while the expansion of the desertification caused 
an increment in tourism-related activities and both created new triggers for in- and 
out-migration to and from the community. Another phenomenon that is visible in the 
region of the Drâa Valley is a change in the habits related to transhumance as well 
as a sedentarisation of previously nomad groups (Ait Hamza et al. 2009). Mobility 
within Morocco, particularly directed towards urban centers, is also creating new 
challenges as the new settlements might not be sufficiently resilient to the impacts 
of climate changes (Tribak et al. 2019). 

Methodology 

The study aims to understand how national policies related to climate change address 
the issue of human mobility by undertaking a systematic and detailed content anal-
ysis of the various official documents, which requires the identification of different 
categories such as migration, displacement and planned relocation as being desig-
nations commonly used within the topic of human mobility (IOM 2018). The list 
of categories is created inductively to accommodate possible modes of referring to 
human mobility, which were not initially taken into consideration. The final list of 
categories is presented under the section Results. 

The selection of the documents was based on the official information made avail-
able by the Ministry of Energy Transition and Sustainable Development and comple-
mented with other documents related to the general national strategy for sustainable 
development, which was assumed to include information relevant to environmental 
sustainability. 

At the time of writing, the National Plan of Climate Change Adaptation and 
various regional plans were under preparation, according to the official information 
made available by the Ministry of Energy Transition and Sustainable Development. 
Table 21.1 presents the list of policies that were analyzed regarding human mobility.

Results 

The content analysis of the various policies allowed to infer general information and 
to identify how mobility within the context of climate change is addressed. The first 
section in this chapter presents an overview of the various documents analyzed, while
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Table 21.1 List of documents analyzed 

Document Name of the original document (if 
not in English) 

Date of publication 

New Model of Development Le Nouveau Modèle de 
Développement 

2021 

National Strategy for Sustainable 
Development 

Projet de Stratégie Nationale de 
Développement Durable 2030 

2017 

Nationally Determined 
Contribution 

2021 

Climate Change Policy in 
Morocco 

Politique du Changement 
Climatique au Maroc 

2014 

National Plan for the Climate 
(2020–2030) 

Plan Climat National N/A 

Three National Communications 
to UNFCCC 

The text of the National 
Communications was more 
extensive in the French version, 
therefore that was the version 
analyzed in the scope of this study 

2001, 2009 and 2016

the second section addresses specifically how human mobility is contemplated in the 
same documents. 

Climate Change and Sustainability Policies in Morocco 

New Model of Development 

The New Model of Development was initially based on a countrywide consultation 
of numerous stakeholders, ranging from the individual citizens belonging to different 
socioeconomic levels and geographies up to institutional partners. The consultation 
aimed to identify the strengths and weaknesses of the current development model in 
Morocco. 

The New Model of Development considers that the progress done in terms of 
adaptation to climate change is very limited, which is measured by the lack of inclu-
sion of environmental considerations in public projects and programs and also in the 
practically inexistent circular economy. Climate change is considered in more detail 
for the agricultural sector, with recommendations on climate change adaptation that 
include advocating the use of technology, improving the resilience in food production 
and, specifically, addressing a sustainable use of water resources.
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National Strategy for Sustainable Development 

Morocco has defined the National Strategy for Sustainable Development as part 
of a process that was initiated as a response to the Cancún Agreements (Clima-
South 2018). The National Strategy for Sustainable Development is supported by 
the national legal framework, where Sustainable Development is indicated as a right. 
The vision of the strategy was to set the foundation for a green and inclusive economy 
until the year 2020 and it identified 7 specific challenges to be addressed to fulfill 
that vision: Governance, Green Economy, Biodiversity, Climate Change, Sensitive 
Territories, Social Cohesion and Culture. 

Under the challenge Green Economy, one area of intervention is the agricultural 
sector, where the needs identified focus on the decrease of its vulnerability to climate 
change, as well as the need to reduce the pressure on the soil and water resources. To 
achieve that, it is suggested, among others, to monitor and map the vulnerabilities 
and to conduct research on agricultural practices in extreme situations. In particular 
for certain types of agricultural produce, the report encourages the constitution of 
cooperatives and the equitable distribution among the producers. The fishing sector 
is also specifically addressed in the Strategy for Sustainable Development, and it 
is emphasized that the resources risk declining dramatically by 2050 if no action 
is taken to preserve the biodiversity in the oceans. The actions point towards the 
management of the fishing quotas but also to an improvement in the conditions of 
the workers in the sector. 

Regarding Biodiversity, the report criticizes the delay in the planning of crises 
management in case of flooding and drought, thus limiting the possibility to support 
vulnerable communities. The section on Climate Change is focusing specifically 
on governance, preparation of relevant national and regional plans, research and 
technology and climate finance. However, it does not provide detailed information 
on adaptation. 

The report considers the Sensitive Territories to be the oases, deserts, coastal areas 
and mountains. In particular for the oases and desert areas, the report goes more in 
detail on what measures should be followed within an adaptation response to climate 
change. 

Overall, the strategy for Sustainable Development is focusing primarily on the 
governance of the different key areas relevant to sustainable development. Some 
sectors, particularly the management of water resources, are the subject of focus in 
the majority of the report. 

Nationally Determined Contribution 

With its revised Nationally Determined Contribution, Morocco reinforces its commit-
ment to the Paris Agreement, focusing clearly on mitigation measures and less on 
adaptation, which is in line with what was required of the NDCs (IOM 2018).
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The main sectors responsible for the projected reduction of emissions are elec-
tricity production and industrial activities, namely phosphates and cement produc-
tion. Overall, the document presents concrete measures for reaching its intended 
level of greenhouse gases emissions dividing them into two categories: conditional 
(dependent on international funds) and unconditional (independent of international 
financing). 

In terms of adaptation, the report highlights the sectors that are most affected by 
climate change: agriculture, fishing industry, forestry, as well as habitat and health. 
The vulnerability of the population to those impacts is intensified by the lack of 
financial resources and expertise necessary to develop appropriate responses. 

Climate Change Policy in Morocco 

A precursor to the various documents analyzed in this study, the Climate Change 
Policy emphasizes the vulnerability of Morocco within a context of intensification 
of the climate change impacts. It introduces the need to develop national strategies 
that are in line with the commitment of Morocco with the Cancún Agreements and 
Rio+20. The need for international financing is strongly stated as being necessary to 
support the activities of mitigation and adaptation in Morocco. 

National Plan for the Climate 

The National Plan for the Climate focuses on governance, resilience, transition to 
a low-carbon economy and strengthening of technological and financial resources. 
Within governance, it is included the need to define a national legal framework that 
is aligned with the commitments towards sustainable development and mitigation 
and adaptation to climate change. 

Furthermore, with this Plan, Morocco positions itself within a wider interna-
tional community, aiming to become a reference of leadership for climate change 
management in the region. 

In terms of adaptation, the Plan follows the same priorities stated in the NDC: water 
resources, agriculture, fishing and health, with detailed suggestions for adaptation 
and including the future negative impacts of climate change in the current activities. 
The Plan for the Climate also addresses the concern related to food security, which 
is threatened by climate change. 

National Communications 

Morocco has issued three National Communications to the Conference of the Parties 
of the United Nations Framework Convention on Climate Change. They were issued 
in 2001, 2009, and 2016, and a fourth one is being elaborated at the time of the prepa-
ration of this study. The National Communications provide an extensive overview
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of the country focusing on numerous topics: climate and environment and also 
geography, demography, society, politics and economy. 

In terms of adaptation, the First National Communication is mainly providing a 
brief list of projects that focus mainly on water resources and the agricultural sector. 
Regarding mitigation, the First Communication contains several reflections on the 
methodologies used for calculating the emissions and a breakdown of the emissions 
by sector of activity as allowed by the limited knowledge available at the time, which 
is clearly stated in the document. 

The Second Communication provides a more extensive overview of the socio-
economic implications of climate change. For the agricultural sector, the document 
provides an extensive overview of the impacts for one specific region: Souss-Massa. 
In comparison to the First Communication, it provides a more intensive overview of 
the initiatives and committees implemented, which shows a clear progression in the 
national response to climate change. It also portrays in detail the challenges faced 
on a national level to implement the proposed action plans. 

The Third Communication adds more detail to the challenges and also to the 
strategies put in place regarding mitigation and adaptation to climate change, but also 
for data monitoring. There is clear progress that is visible throughout the National 
Communications in terms of policies and institutions created in Morocco that target 
climate change mitigation and adaptation. 

Human Mobility in the Climate Change Adaptation Policies 
in Morocco 

Overall, human mobility is not thoroughly addressed in the policies in Morocco, 
though it is mentioned on specific occasions. A section on Loss and Damage is 
never clearly presented, except for economic losses as a result of the future impacts 
of climate change. Human mobility is also not consistently mentioned as a possible 
strategy of adaptation. There are however several references to migratory movements 
done throughout the texts, as exemplified under Table 21.2.

The New Model of Development1 refers to human mobility within the context of 
climate change as being a factor that further contributes to forced migration from 
arid areas towards the urban centers, namely the coastal cities. Human mobility 
is therefore perceived as a negative decision that people feel forced to make, i.e. 
a failure to adapt. The New Model of Development and Climate Change Policy 
acknowledge human mobility as a result of climate change for migrants from other 
African countries to Morocco. These migratory movements are also mentioned in

1 The term mobility (mobilité in French) is often used to describe issues related to transport, e.g. in the 
document New Model of Development (p. 138), it is stated “[i]n regard to mobility, the Commission 
recommends the confirmation of public transport as a basic public service and preferential means 
of transport” (authors’ translation). These references to mobility as a general term to designate 
transportation were not included in Table 21.2 as they are not relevant to the object of study. 
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Table 21.2 References to human mobility 

Document References to human mobility 
(with number of references) 

Examples of quotes from the 
text (authors’ translation from 
French) 

New Model of Development Climate migration (1) “Increased immigration from 
Subsaharan Africa, within a 
context of climate change” 
p. 45 

Displacement due to climate 
change (1) 

“Climate change can also 
increase the forced 
displacement of population 
from arid rural areas to urban 
areas” p. 45 

Migration not related to climate 
change (3) 

“Increase in the out-migration 
of Moroccans to developed 
economies” p. 45 

National Strategy for 
Sustainable Development 

Climate migration (1) 

Migration not related to climate 
change (5) 

“Tourism, as a source of 
employment, leads to an 
internal migration towards 
coastal areas” p. 91 

Nationally Determined 
Contribution 

Transhumance (1) “National programme to 
regulate the transhumance 
routes” p. 30 

Measure to avert migration (1) “Planting 3 million palm trees 
to improve the productivity in 
the oases and to prevent 
desertification and 
out-migration from the younger 
generations from the rural 
areas” p. 30 

Climate Change Policy in 
Morocco 

Climate migration (2) 

Migration not related to climate 
change (1) 

“Morocco presented on the 
sidelines of this year’s United 
Nations General Assembly the 
initiative of an African alliance 
for migration and 
development” p. 5 

National Plan for the 
Climate (2020–2030) 

Migration supporting 
Adaptation (1) 

“Reinforce scientific 
cooperation in key areas of 
climate change—Implement 
support programmes for 
Moroccan researchers abroad” 
p. 80

(continued)
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Table 21.2 (continued)

Document References to human mobility
(with number of references)

Examples of quotes from the
text (authors’ translation from
French)

Transhumance (1) 

First National 
Communication to 
UNFCCC 

Climate migration (1) “The intensification of the 
fluctuations in the agricultural 
yield, due to climate change, 
will lead to cycles of 
expansion–contraction in the 
rural households revenues, 
thus influencing their 
behaviour (consumption, 
savings, out-migration)” p. 51 

Migration not related to climate 
change (2) 

“Out-migration from rural 
areas” pp. 9 & 25 

Second National 
Communication to 
UNFCCC 

Climate migration (2) “Climate change could lead to 
economic downturn, social 
fractures and displacement of 
population” p. 101 

Planned relocation (1) “Retreat—this strategy 
consists of progressively 
abandoning the land and 
structures threatened by seal 
level rise (…) and relocating 
its inhabitants” p. 116 

Displacement (1) “Climate change (…) can be 
responsible for (…) 
displacement of populations” 
p. 120 

Migration not related to climate 
change (2) 

Migration as Failure to Adapt (1) “Degradation of soil and its 
fertility lead to lower yields, 
thus pushing farmers to reach 
for new lands” p. 102 

Migration as Adaptation (1) Migration as a response option 
to extreme meteorological 
events. (p. 122) 

Conflict as a result of climate 
change (2) 

“The impacts [of climate 
change] can also accentuate 
conflicts over water use during 
periods of droughts” p. 101

(continued)
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Table 21.2 (continued)

Document References to human mobility
(with number of references)

Examples of quotes from the
text (authors’ translation from
French)

Third National 
Communication to 
UNFCCC 

Climate migration (1) “Out-migration from rural 
areas is intensified during 
periods of drought” p. 43 

Nomadism/Transhumance (1) “This project includes the 
management of pastoral lands 
and preservation of 
biodiversity by supporting the 
resuming of transhumance” 
p. 162 

Measures to avert migration (1) “Implementation of specific 
projects (…) with the purpose 
to fixate the population” p. 257

the Climate Change Policy in Morocco within the context of portraying the strong 
connections between Morocco and other African countries in general. 

Morocco has submitted an updated Nationally Determined Contribution in June 
2021, but it does not contain a reference to Loss and Damage in general nor to 
human mobility within its climate change adaptation policies, except in a measure 
that aims to avert migration. When 165 countries submitted their initial INDCs, only 
20% contained references to human mobility in the context of climate change (IOM 
2018), which means that Morocco is in line with the global tendency. 

The general trend of considering human mobility as the exception is further rein-
forced by the National Plan for the Climate, which states that a productive agricul-
tural sector is necessary to stabilize the rural population. The movements within the 
context of transhumance are also targeted by the Plan for the Climate that favors its 
regulation, even though IOM (2016) claims that nomadic populations in Morocco are 
more resilient to climate change, which is considered in the Third Communication 
by stating the importance of resuming the ancient practices of transhumance. The 
Third Communication also suggests that the plans put in place to revitalize the oases 
farming practices might lead younger demographics to return to abandoned oases, 
in what was the only reference done in the documents analyzed to policies that seek 
to actively influence human mobility. 

The earliest document analyzed for this study, the First National Communica-
tion, has established a relationship between climate change and out-migration from 
the rural areas by stating that the former will contract the level of income of the 
households dependent on agriculture which, in turn, will lead to a change in their 
habits of consumption, savings and decision to out-migrate. The Second and Third 
Communications establish a clearer link between both phenomena by stating that the 
out-migration from rural areas is more intense in periods of drought.
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Migration as a positive adaptation response is mentioned briefly in the Second 
National Communication when providing a theoretical overview of planned relo-
cation as one of the possible responses to sea-level rise. Nevertheless, relocation is 
not mentioned in the actual initiatives presented in that same document to adapt to 
sea-level rise in Morocco. Another option of migration as a support to the adap-
tation efforts is mentioned in the Second National Communication when under-
lining the role of the technological transfer from the Moroccan diaspora, particularly 
researchers that are active in the field of climate change. The New Model of Devel-
opment and the National Strategy for Sustainable Development also mention the 
importance of the financial remittances and technological transfer from the Moroccan 
diaspora but the text does not establish a relationship between those remittances and 
the adaptation to climate change in the communities of origin. 

Discussion 

Despite a general inclusion in the policies of key strategic sectors such as water, 
agriculture, fishing, forest, desertification, biodiversity, health, tourism and habitat, 
UNDP (2018) refers that most of the adaptation actions are focused on the water 
and agricultural sectors and that there are challenges in the participation of local and 
regional actors. The priority assigned to the water and agricultural sectors is also 
visible in the documents analyzed. 

The only document analyzed that included a public consultation was the New 
Model of Development but its final considerations did not include the environ-
ment/climate or human mobility; instead, the focus was mostly directed at economic 
issues of wealth distribution and access to basic services. These results are in line with 
the latest pan-African survey on citizen priorities published by Afrobarometer which 
concluded that climate change is not at the top for none of the surveyed countries, 
which included Morocco (Coulibaly et al. 2018). The same report also mentions that 
usually there is a wide interest in climate change, but it does not constitute a priority. 

Warner (2010) defends that the governance of human mobility within a context of 
climate change requires that relevant institutions recognize the potential of mobility 
as an adaptive response and, therefore, aim to improve the resilience of the migrant 
and not necessarily to control the actual movement. There is a growing tendency 
to integrate human mobility within the options of adaptation as being a strategy for 
increasing resilience in communities that face challenges to adapt (Gemenne and 
Blocher 2017). Nevertheless, in the case of the actual policies in Morocco, there are 
very limited actual attempts to explore the potential of human mobility as adaptation. 
The few references found in the documents analyzed are mostly confirming a narra-
tive that people migrate due to a failure to adapt and that out-migration from affected 
areas needs to be averted. This tendency is in line with the studies analyzed by 
Liaeter and Durand-Delacre (2021), which confirm that the communities, in general, 
are seeking to remain in vulnerable locations and that they are resourceful in using
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a range of possible adaptive responses and not viewing mobility as a desired solu-
tion. Nevertheless, these studies focus on current and past situations, which can be 
subject to change once the impacts of climate change intensify. It remains, therefore, 
unknown if that trend will be confirmed in the future. In that sense, having policies 
that acknowledge a possible future trend might be more adequate to respond to the 
needs of the population affected. 

There are various challenges to consider human mobility within the environment 
and climate-related discussions—it is often framed as a security issue and also free 
movement of people is usually not allowed in cross-border settings, thus creating 
other needs in terms of regulation and response by the national authorities. For 
example, the latest report of the White House (2021) on “The Impact of Climate 
Change on Migration” states that it can be a cause of greater instability and can 
eventually lead to waves of migration, thus confirming a generalized perception of 
migration trends as a security risk and as a potential source of conflict. 

Furthermore, human mobility is a complex phenomenon where multiple factors 
influence the final decision of migrating, thus rendering the assignment of the main 
cause very difficult. Environmental factors interact with economic, political, demo-
graphic and social drivers that can then be further supported or not by the legal 
context and migration networks influencing the final decision to migrate (Foresight 
2011). This complexity, however, can be addressed if active actions are taken to 
further understand the process of migrating and how it is influenced, which would 
be supported by having policies in place that allow to monitor and collect relevant 
data and evidence. 

Finally, by transferring the onus of adaptation to the individual, there is a risk of 
placing excessive responsibility on the individual for the adaptation, which raises 
issues related to climate justice (Liaeter and Durand-Delacre 2021) since, more 
often than not, the individuals in a situation of vulnerability are not the ones that 
have contributed the most to climate change. Furthermore, the projections for 2050 
of up to 1.9 million climate migrants in Morocco by Clement et al. (2021) raise  the  
urgency of addressing migration as a part of collective responsibility. 

Implications of the Absence of Migration in the Policies 

Despite the recognition in the Paris Agreement of the limits of adaptation and that 
there will be inevitable Losses and Damages, Morocco does not consistently consider 
human mobility in particular and Loss and Damage are not systematically addressed 
in the related policies. The risk for Morocco is that potentially available funding will 
not be accessible if data on Loss and Damage is not consistently collected (Rai and 
Acharya 2020). 

In the policies, mobility is also not consistently framed as a potential adaptation 
strategy, even though, depending on the context, it might be an important strategy 
for communities to improve their livelihoods and/or exit areas highly exposed to the 
impacts. Morocco is a country with significant migratory movements that either take
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place internally or across borders. However, when that migration is an unplanned 
and unexpected response to situations of risk, then there is a serious potential to 
affect social development (Clement et al. 2021). It is, therefore, crucial to include 
considerations on human mobility when addressing issues that are per se already 
deeply disruptive to social development, such as climate change. 

Comparison with Other Countries 

Other countries have already integrated human mobility within the context of climate 
change in their policies. For example, Colombia and Togo have considered human 
mobility in their national adaptation plans, Intended Nationally Determined Contri-
butions (INDCs), and in their most recent National Communications, making these 
countries a good example of policy coherence at the national level (IOM 2018). 
Bangladesh and Ghana have already integrated collaboration between the actors that 
work either on human mobility or climate change, while Fiji includes the relocation 
of entire communities in their national plan of adaptation (IOM 2018). 

Regarding Loss and Damage, nearly half of Small Island Developing States 
and one-third of the Least Economically Developed Countries referred to Loss and 
Damage in their INDCs (Rai and Acharya 2020). 

Recommendations for Policymakers 

Due to the absence of Loss and Damage considerations in the policies, it is recom-
mended that a specific section is included that addresses human mobility and all 
the remaining items defined by the Warsaw International Mechanism for Loss 
and Damage that include both Economic and Non-Economic Losses. The former 
encompasses losses of income (business operations, agriculture production and 
tourism) and physical assets (infrastructure and property). Non-Economic Losses are 
mentioned at different levels: individual (life, health and human mobility), society 
(territory, cultural heritage, indigenous knowledge and societal/cultural identity) and 
environments (ecosystem services and biodiversity). 

Policymakers are also advised to consider human mobility as part of a range 
of possibilities of adaptation; this will allow in the beginning to collect data and 
evidence that will be later used to inform actual policies (and possibly legislation) 
themselves in line with the context-specific needs (Gemenne and Blocher 2017). Such 
an effective response will require coordination and partnerships between authorities 
and actors that deal with human mobility and/or climate change (IOM 2018). 

The United Nations High Commissioner for Human Rights (2018) recommends 
including considerations on gender issues within a wider concern for human rights 
when creating policies and strategies to govern human mobility, including when it 
is a response to climate change impacts.
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Finally, it is recommended that the policymakers translate at the national level what 
was agreed upon in international commitments regarding human mobility within the 
context of climate change, such as the Cancún Adaptation Framework and The Global 
Compact for Safe, Orderly and Regular Migration (IOM 2018). 

Limitations of the Study 

The main limitation of the study is the scope of the documents analyzed. The policies 
included in this study are not extensive and other sectoral policies could be added 
to the list, such as Plan Maroc Vert and Génération Green 2020–2030, which focus 
specifically on the agricultural sector. The list could also include legal texts that 
focus on the environment. Additionally, the purpose of this study was to analyze how 
environment-related documents approach human mobility, but it could be relevant 
to expand the analysis to include human mobility-related policies and to study how 
they consider environmental factors. 

Conclusion 

The policies related to climate change and sustainable development in Morocco are 
not consistently considering human mobility, in particular, and Loss and Damage, in 
general, despite growing impacts of climate change and projections of over 1 million 
migrants due to climate change by 2050 (Clement et al. 2021). 

Even though there is not a consensus on whether it is ideal to include policies that 
view human mobility as a possible adaptation strategy, it is generally acknowledged 
as being part of the Losses and Damages. By not including mobility in the policies, 
it will remain an invisible issue and no official data and evidence will be collected 
on a systematic basis, which would be needed to inform future policies and even 
legislation that is in line with the various local contexts. 
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Chapter 22 
Written Press’s Approach to Climate 
Change in the Autonomous Region 
of Madeira and the Autonomous 
Community of the Canary Islands 

Ana Maria Bijóias Mendonça , Walter Leal Filho , and Fátima Alves 

Abstract The Autonomous Region of Madeira and the Autonomous Community 
of the Canary Islands belong to Macaronesia and are ultra-peripheral regions, being 
particularly vulnerable to climate change (CC). Due to their isolation and idiosyn-
cratic characteristics, the written press has a decisive role in the context of the insular 
territories and on tackling CC, hence, the purpose of this paper is to assess the 
written press’ approach to CC in a ten-year interval. We used the descriptor ‘climate 
change’ to collect articles from two newspapers (Canarias 7 and Diário de Notí-
cias da Madeira), comprising July 2008 and January 2009, as well as July 2018 and 
January 2019, gathering 170 news articles (in total). For further analysis, all the news 
articles were coded and categorised according to five major categories (scope, enti-
ties involved, topics related to CC, discourse content, and position on CC). Results 
confirmed the prevalence of news articles in Diário de Notícias da Madeira in both 
periods of analysis, but this does not necessarily mean that the stakeholders are more 
receptive or prepared to act in Madeira. The scope was broad, given the prevalence 
of regional level news in the two newspapers. On the entities involved, despite the 
large number and diversity of social actors depicted, a preponderance of political and 
institutional actors stood out. A wide variety of topics related to CC were reported, 
predominantly vulnerability, CC consequences, and CC policies (overall mitiga-
tion). Regarding content, the centre of attention was on informative/institutional, 
expert opinions and critical discourses. Lay rationalities, knowledge, and practices
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were virtually absent. As for the positioning on CC, most of the news evidenced the 
acceptance that it is an unavoidable problem and that possible solutions require struc-
tural transformations in the development model of current societies and a paradigm 
shift. Other narratives coexisted with this perspective (mainly in Diário de Notícias 
da Madeira), denoting manipulative discourses and greenwashing, along with the 
view of CC as opportunity. We argue that the media should extend the debate on 
environmental issues to all social actors, including local communities, bridge the 
gap between scientists, technicians and policy makers and society in general, and go 
beyond the mainstream approach to CC and the sensationalist trends to contribute 
to knowledge improvement, awareness-raising, and solution building, mostly at the 
regional/local level. 

Introduction 

There is widespread scientific agreement that climate change (CC), resulting from 
the increase in global temperatures, is the most serious and dangerous environmental 
problem that threatens life on Earth and the most unexpected consequence of the 
industrial era, assuming an undeniable global and anthropogenic character (Santos 
2012). The environmental crisis and CC, which is its most visible feature, repre-
sent a demanding challenge to governments, science, institutions, and societies in 
general (Aldeia and Alves 2019). Climate change affects the availability of natural 
resources, reflecting on the balance of ecosystems, on livelihoods, on social and 
cultural organisation, and on the health and well-being of current generations. It 
may also compromise future generations (IPCC 2007, 2013, 2014). In fact, scientific 
research shows that anthropogenic influence has warmed the climate to an extent 
unprecedented in the last 2000 years, with human activities affecting all the major 
climate system components (IPCC 2021). The Autonomous Region of Madeira and 
the Autonomous Community of the Canary Islands are part of Macaronesia and 
are outermost regions (Fig. 22.1) being particularly vulnerable to CC (Gobierno 
de Canarias 2013; Regional and da Madeira – Secretaria Regional do Ambiente, 
Recursos Naturais e Alterações Climáticas (SRARNAC) 2015; IPCC  2021; Institute 
for European Environmental Policy 2013).

In a globalised world, where an intricate multiplicity of networks and actors are 
interconnected and associated with each other (Latour 1999, 2005; Law  1992, 1999), 
the media are the main source of information and the main element that can influ-
ence people’s awareness of CC and can contribute to framing the public agenda 
(Alves et al. 2020). Working as a space for the dissemination and discussion of ideas 
emanated by different social actors, they play a central part in the construction and 
reconstruction of social reality (Carvalho 2011). As a critical arena for the production, 
reproduction, and transformation of the interpretation of complex and multidimen-
sional public problems, such as CC, the media influence the public’s understanding of 
risks, responsibilities, and the performance of democratic politics (Carvalho 2010).
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Fig. 22.1 The Canary Islands and Madeira archipelagos’ location

In this regard, media coverage is an intermediary between expert and lay ratio-
nality, and it cooperates in the shaping of society’s awareness about climate change 
(Areia et al. 2019). Being permeable to hegemonic knowledge and power relations 
that dictate the system of truth (Foucault 1977, 1992, 1998), it moulds discourse 
and action at the crossing point of climate science and policy (Boykoff and Roberts 
2007). 

According to Boykoff and Smith (2010), climate science and politics helped to 
frame media reporting, but the opposite is likewise true, since media coverage shapes 
science, governance, and policy decisions. At a social level, the way CC is presented 
by the media has a significant impact on the way the public perceives it and conse-
quently on the way people respond to it (Areia et al. 2019; Carvalho  2010). In reality, 
journalistic production has served to map out and frame environmental issues for 
policy agents and the public, whilst relevant social actors such as individual authority 
figures, scientists and experts, governments, and consortia attempt to access media 
sources in order to mould public perceptions of environmental issues in line with 
their own perspectives and interests. This framing labour contributes to contextual-
ising multidimensional and complex environmental processes, in addition to finding 
interpretative categories to explain and describe them (Boykoff and Smith 2010). 

Media attention is a critical indicator for CC’s social problem construction. It 
measures the amount of attention given to one issue in relation to the amount of 
attention given to other issues at the same time. Absolute numbers of newspaper 
articles on CC indicate distinct national attention levels but are also shaped by the size 
of a newspaper, differences in journalistic culture or financial limitations (Schmidt 
et al. 2013). In other words, the media and their discursive practices are at the same
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time producers of meaning and product of a determined socio-cultural context, having 
with it a mutually constitutive relationship (Carvalho 2011). 

Following international and national tendencies, CC has increasingly received 
attention from the local media, although news in Portugal and Spain still favour 
political/technical discourses over civil society’s discussions. Thus, Iberian media 
coverage on climate change reflects undisputable bias and may add to the public’s 
low levels of acknowledgment and commitment (Areia et al. 2019). Studies show that 
countries from the Global North normally cover CC more frequently, and that coun-
tries from the Global South tend to focus on its societal dimension and impacts on 
humans (Hase et al. 2021). As a solution, the media should democratise the commu-
nication of CC, bringing the reality of the problem closer to the reality of individuals 
and society. Instead of the significant projection given to news that is related to 
political-scientific discussions in the international forum or to environmental catas-
trophes that occurred in distant latitudes, journalists should frame the issue of CC 
at the level of local communities and at the individual level. This means that a more 
proactive discourse on CC can be substantive, influencing the adoption of sustainable 
behaviours in the public and the implementation of environmental policies and laws 
by politicians. In fact, democratic communication on environmental issues focusing 
on community actions to tackle climate change—and not just government failures 
in relation to environmental policy or climate-related disasters—would improve the 
active role of the media in involving individuals and would help promote active 
societal responses to CC (Areia et al. 2019). 

Iberian journalists are aware of their gaps in CC coverage, insomuch that in the 
aftermath of the international conference Media and Climate Change (Medios de 
Comunicación y Cambio Climático), held on 22–23 November 2012 and sponsored 
by the Laboratorio de Estudios en Comunicación from the University of Seville 
(Reig 2013) and other relevant events, the ECODES Foundation prepared a meeting 
between researchers of the Dialectical Mediation of Social Communication (MDCS, 
in Spanish) and relevant environmental communication professionals. The main 
objective was to develop a catalogue of recommendations to report on climate change. 
Hence, within the framework of the Change the Change Conference, that took place 
on 6–9 March 2018 in San Sabastián, the “Decalogue of Recommendations for 
Reporting on Climate Change” (Decálogo de recomendaciones para informar sobre 
el cambio climático) was presented, and by the end of 2019 more than eighty media 
outlets had already signed it (UNESCO 2021). The document acknowledged the 
discrepancy between the challenges of contemporary CC, its relevance in the scien-
tific/institutional field, and the sparse information content reaching public audiences. 
Bearing that in mind, the signatories have committed themselves to improving jour-
nalistic exercise and to observing the social role of the media in relation to the 
phenomenon. 

Either way, with respect to CC information and communication, the states, govern-
ments, scientists and the media have failed to reach out to heterogeneous audi-
ences in different geographical regions (Leal Filho 2009). There is, additionally, 
a plurality of languages and definitions to communicate about the environment in 
general, also because the identification of an environmental problem and the search
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for a solution depends on knowledge, values and worldviews that differ in socio-
cultural terms (Carvalho 2011). Besides, the discourses of social actors addressing 
CC, including the media’s, are often covered in drama and appeal to fear and other 
negative emotions, leading people to usually reject them due to feelings of disbelief 
or apathy (Cabecinhas et al. 2008). At best, media reporting adds to CC communi-
cation, review and discussion but barely provides answers to it (Boykoff and Smith 
2010). 

At the regional and local level, media coverage brings forth a privileged insight 
into CC impacts on the territories and current policies. Nonetheless, in general, 
local coverage and local newspapers tend to disappear and/or decrease their quality 
owing to the rise of social media and other platforms, along with the consistent 
pressure of technological and economic factors (Ardia et al. 2020). The 2008 crisis 
precipitated the situation (Reyes 2013). One of the resulting consequences is the 
information vacuum derived from the spread of misinformation and disinformation. 
Another critical consequence accrued from the removal of a local news source from a 
market is the negative effect it is likely to have on community engagement and issue 
knowledge. Regulatory and policy solutions are required. Moreover, in possible solu-
tions to contemporary “wicked problems” (Rittel and Webber 1973), such as CC, a 
multifaceted and multi-disciplinary approach is crucial to congregating experts and 
policymakers in an effort to leverage significant changes, including a new vocab-
ulary to grant the legal, social, economic and journalistic principles involved and 
the impairment to a functioning democracy and citizenship if the status quo prevails 
(Ardia et al. 2020). 

The written press has a decisive role in the context of the insular regions and 
on tackling CC due to their isolation, vulnerability, and idiosyncratic characteristics. 
However, our research confirmed that there are virtually no studies on the journalistic 
coverage of CC in the Autonomous Region of Madeira nor in the Autonomous 
Community of the Canary Islands, nor in the whole Macaronesia, from what we 
were able to ascertain. 

Materials and Methods 

The aim of the paper is to assess how the written press has been addressing CC 
in the Autonomous Region of Madeira and the Autonomous Community of the 
Canary Islands in a ten-year interval. The main objectives are to understand how the 
topic’s approach has been evolving in both regions and to identify the informative 
trends and how they relate to multiple social actors and to international, national, and 
regional/local contexts against the background of environmental and climatic poli-
cies. With the purpose of providing information about policies, informative trends, 
and the position in relation to CC, we have analysed the articles from two newspa-
pers: Canarias 7 (entirely online) and Diário de Notícias da Madeira (via manual 
consultation in the Madeira Regional Archive, and online), choosing a summer and 
a winter month, namely July and January, in a ten-year interval. Thus, we focused on
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the news articles from July 2008 and January 2009, as well as July 2018 and January 
2019. The descriptors ‘environment’ and ‘climate change’ were initially selected, but 
given the large quantity of data collected, that is, 152 news articles in the Canarias 
7 and 286 news articles in the Diário de Notícias da Madeira, totalling 438 news 
articles, we ended up selecting only those with the descriptor ‘climate change’. As 
a result, we collected 62 news articles in the Canarias 7 (sixteen in July 2008, five 
in January 2009, twenty-eight in July 2018 and thirteen in January of 2019), and 
108 news articles in the Diário de Notícias da Madeira (twenty-seven in July 2008, 
twenty-eight in January 2009, thirty-one in July 2018 and twenty-two in January 
2019), for a total of 170 news articles. 

Altogether, we have: 
Canarias 7: July 2008 (16) + January 2009 (5) + July 2018 (28) + January 2019 
(13) = 62. 
Diário de Notícias da Madeira: July 2008 (27) + January 2009 (28) + July 2018(31) 
+ January 2019 (22 news) = 108. 
Total: 170 news articles. 
In view of the need for further clarification and further analysis of all the data, the 
170 news articles were coded and categorised. Based on the document analysis, the 
aim of the study, and the examination of the information in both newspapers, five 
major categories emerged:

● Scope;
● Entities involved;
● Topics related to CC;
● Discourse content;
● Position on CC. 

A matrix was designed according to those main categories and other subsidiary 
categories that were progressively added during the reading and the organisation of 
the content analysis processes: 

1. Scope: 

1.1. Regional 
1.1.1. Canary archipelago 
1.1.2. Madeira archipelago 

1.2. National 
1.3. International 
1.4. Without defined scope 

2. Entities Involved: 

2.1. Politicians 
2.2. Economic agents (managers, economists, companies, and consortia) 
2.3. Activists/environmentalists 
2.4. Scientists/universities/institutes 
2.5. Population 
2.6. Artists
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2.7. Social movements 
2.8. Non-unique official entities (ministries, schools, departments, govern-

ments, etc.) 
2.9. Non-official entities (NGOs/NGOs, media, etc.). 

3. Topics Related to CC: 

3.1. Risks and vulnerabilities 
3.2. Extreme events 

3.2.1. Natural disasters in general 
3.2.2. Fires 
3.2.3. Earthquakes/tremors 
3.2.4. Heat waves/drought/desertification 
3.2.5. Cold waves/snow 
3.2.6. Floods/torrential rain/maritime agitation 
3.2.7. Collapses and landslides 

3.3. Global warming/pollution 
3.4. Causes 
3.5. Effects 
3.6. Responses 
3.7. Policies of CC 

3.7.1. Mitigation (energy, reduction of GHG emissions, etc.) 
3.7.2. Adaptation (plans, strategies) 

3.8. Awareness/education/prevention 

4. Discourse Content: 

4.1. Institutional 
4.2. Critical 
4.3. Prescriptive 
4.4. Promotional 

5. Position on CC 

5.1. Sceptics/deniers 
5.2. Believers/paradigm shift 
5.3. Manipulative discourses/greenwashing 
5.4. Persistence of the mainstream/CC as opportunity 

Results 

The study confirmed the prevalence of news articles in Diário de Notícias da Madeira 
on CC in both periods of analysis (July 2008/January 2009, and July 2018/January 
2019), specifically, fifty-five news articles in the first period (comparing with only 
twenty-one in Canarias 7), and fifty-three news articles in the second period (forty-
one in Canarias 7).
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Forthwith, we will proceed to a qualitative analysis of the information gathered, yet 
as a means to illustrate the discourse and facilitate comprehension and examination, 
we also provide a table with absolute numbers of the news articles in both newspapers 
according to major and subsidiary categories (Table 22.1).

Regarding the scope of the news articles in both newspapers during the appointed 
timeframe, it is possible to ascertain its broadness, albeit the prevalence of regional 
levels in the two territories. Additionally, there were no national level news articles in 
Canarias, in contrast to Madeira where they appear in third place, after international 
level news. Diário de Notícias da Madeira also published more mixed level news 
and with no defined scope when compared to Canarias 7. 

The data point to two different outlines: on one hand, the gradual importance 
of environmental issues over time, especially CC, not only in the Iberian mainland 
but in their autonomous regions as well, and on the other hand, the evidence that 
CC effects are becoming increasingly evident in the insular territories, including the 
archipelago of the Canary Islands and the archipelago of Madeira. 

With respect to the entities involved, some aspects did stand out in both regions 
in the two periods. Thus, despite the large number and diversity of social actors 
depicted, there was a considerable preponderance of political and institutional actors 
(more numerous in Madeira), in particular with politicians and official non-singular 
entities such as governments, departments, and ministries, as Areia et al. (2019) 
pointed out regarding media coverage of CC in Portugal and in Spain. Other 
relevant regional/local entities surfaced, such as economic operators and scien-
tists/universities/institutes. This means that local media in the insular regions follow, 
to some extent, the trends of national (and international) media, guided by the main-
stream rationality, knowledge and practices that shape environmental/climatic poli-
tics and the formal modus operandi. Non-official entities were mentioned in larger 
number in Diário de Notícias da Madeira. However, civil society, environmen-
talists and activists, social movements, associations, together with supplementary 
social/cultural actors, e.g., artists, were barely included. The discrepancy is evident 
and denotes the absence, even at small levels and scales, of a considerable part of 
society in the CC approach and search for solutions. Therefore, it was made clear 
that CC is still viewed as a scientific/political/ institutional/economic issue, and that 
the narratives outside of that realm, such as those bolstered by lay rationalities, non-
formal knowledge, and everyday practices, are consistently ignored by the decision 
makers and by the media (Aldeia and Alves 2019; Alves et al. 2014, 2020). 

News articles exhibited a wide variety of topics related to CC, which turned out 
to be more diverse and more present over time in the reporting space of both newspa-
pers, particularly in Canarias 7. Understandably, one of the major topics mentioned 
is ‘risks and vulnerabilities’, mainly in Canarias 7 (ten news articles in the second 
period of analysis, but only four in Diário de Notícias da Madeira). In the archipelago 
of the Canary Islands, these refer to an increase in average temperatures, affecting 
water availability and water supply, aggravating the desertification and the occur-
rence of wildfires. The interference of CC in the ocean and coastal areas cannot 
be ignored either. In the presence of this scenario, public authorities, especially the 
Cabildo of Gran Canaria and the Consejo Insular de Energía, in conjunction with the
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Table 22.1 Absolute numbers of news articles in both newspapers according to major and 
subsidiary categories of analysis 

Categories Canarias 7 Diário de Notícias da Madeira 

Scope Regional level (48); international 
level (6); mixed level (4); no 
defined scope (4) 

Regional level (45); national level 
(16); international level (22); mixed 
level (14); no defined scope (11) 

Entities involved Large number and diversity of 
actors, mainly politicians (30); 
economic operators (14); 
scientists/universities/institutes 
(13), and official non-singular 
entities (governments, departments, 
schools, etc.) (47). Non-official 
entities (NGO, media…) (5); 
activists/environmentalists (3); 
population (1); social movements 
(1) 

Large number and diversity of 
actors, mainly politicians (57); 
economic operators (20); 
scientists/universities/institutes 
(22); non-official entities (NGO, 
media, etc.) (21), and official 
non-singular entities (governments, 
departments, schools, etc.) (72). 
Population (6); 
activists/environmentalists (3); 
social movements (2); artists (1) 

Topics related to CC Wide variety of topics: causes, 
effects, responses to CC, mostly 
risks and vulnerabilities (10) and 
extreme events (26), like wildfires, 
in July (13), earthquakes (2), heat 
waves/droughts/desertification (8), 
cold waves/snow (2), 
floods/torrential rain/sea 
disturbance (1) 
Policies of CC: mitigation (17), 
adaptation (1), 
awareness/education/prevention (8) 

Wide variety of topics: causes, 
effects, responses to CC, mostly 
risks and vulnerabilities (4) and 
extreme events (55), like wildfires, 
in July (24), earthquakes (3, being 2 
int. and 1 in Madeira), “bad 
weather” (3), heat 
waves/droughts/desertification (4), 
cold waves/snow (12: mainly about 
the Continent and European 
countries, only 1 in Madeira), 
floods/torrential rain/sea 
disturbance (5: only 1 about 
Madeira), downfalls/landslides (4: 3 
in Madeira and 1 int.) 
Policies of CC: mitigation (14), 
adaptation (3), 
awareness/education/prevention 
(15) 

Discourse content Informative/institutional (18); 
expert opinion (14), critical (5), 
prescriptive (4), promotional (3), 
alarmist (1) negationist (1, expert) 

Informative (31), 
informative/institutional (31), 
expert opinion (12), critical (10), 
alarmist (7), negationist (2) 

Position on CC Believers/paradigm shift (15), 
manipulative 
discourses/greenwashing (5), 
mainstream discourse/CC as 
opportunity (2), 
sceptics/negationists (1) 

Believers/paradigm shift (15), 
manipulative 
discourses/greenwashing (9), 
mainstream discourse/CC as 
opportunity (8), 
sceptics/negationists (3)
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AEMET (Agencia Estatal de Meteorología) and sponsored by the Fundación Biodi-
versidad, were preparing, in July 2018, the report “Diagnosis of Risks, Vulnerabilities 
and Adaptation to Climate Change in the Island of Gran Canaria” (Diagnóstico de 
Riesgos, Vulnerabilidades y Adaptación al Cambio Climático de la Isla de Gran 
Canaria), framing initiatives and actions aimed at reducing risks and vulnerabilities 
and increase resilience. The report, set under the Pacto de los Alcaldes, also aimed to 
outline municipal emergency plans against adverse meteorological phenomena and 
the studies of risks and vulnerabilities at the municipal level. In Diário de Notícias da 
Madeira, the risks and vulnerabilities approach emphasised predominantly wildfires 
as a risk factor. 

Another major topic linked with the previous one addresses ‘CC consequences’ 
(more than ‘CC causes’) in global terms, but exceedingly in the two Macarone-
sian territories. As it happens, extreme events that were accounted for either as 
isolated occurrences or in relation to CC were massively mentioned in Canarias 
7 and in Diário de Notícias da Madeira in the first period of analysis, but to the 
greatest extent in the second period (July 2018/January 2019). Specifically, there 
were twenty-six news articles of extreme events in Canarias: wildfires, always in 
July (13), earthquakes (2), heat waves/droughts/desertification (8), cold waves/snow 
(2), floods/torrential rain/sea disturbance (1). In Madeira there were fifty-five news 
articles: wildfires, always in July (24), earthquakes (3: 2 int. and 1 in Madeira), ‘bad 
weather’ (3), heat waves/droughts/desertification (4), cold waves/snow (12: mainly 
referring to Continental Portugal and to European countries, only 1in Madeira), 
floods/torrential rain/sea disturbance (5: only 1 in Madeira), and downfalls/landslides 
(4: 3 in Madeira and 1 int.). We can infer that the growing number of newspaper 
reports referring to the consequences of CC will be due, altogether, to the awareness 
and visibility that the phenomenon has gained in global, national, and regional/local 
agendas and in the media, along with the accelerating visible effects in the insular 
regions and the need to act to tackle it. However, one should not forget the appetite 
of certain media and the public for impactful news, often linked to tragedies and 
calamities. The topic ‘CC responses’ focused almost exclusively on the diligences 
of public authorities, fire brigades, emergency, and rescue entities to comply with 
extreme events’ impacts both in the archipelago of the Canary Islands and in Gran 
Canaria (e.g., public campaigns urging the owners of forested land to clean up wood-
lands, the effort to increase BRIF’s capacity to intervene in wildfires’ extinction in 
all Canary islands, activation of the Special Plan of Civil Protection and Emergency 
Attention—Plan Especial de Protección Civil y Atención de Emergencias—by the 
government in different situations, including wildfires), as well as in the archipelago 
of Madeira and in Madeira Island. Similarly to the situation in the Canary Islands, and 
in consonance with the news in Canarias 7, wildfires are also a big issue in Madeira 
during the summer. Thus, Diário de Notícias da Madeira reported occasions when 
fire-fighters had to attend to several locations. In wintertime, and in both regions, 
these emergency and rescue actors were described to intervene primarily in floods, 
cold waves/snow, and downfalls/landslides. 

The third main topic related to CC addressed by Canarias 7 and Diário de Notí-
cias da Madeira concerns ‘CC policies’. Again, the ensuing international guidelines
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were anchored in paramount events like the UN climate summits (COP), from which 
structuring documents emanated such as the Kyoto Protocol (UNFCCC 1997) and 
the Paris Agreement (United Nations 2015). The Roadmap 2050, an initiative of 
the European Climate Foundation (ECF), seeks to provide pathways to achieve a 
low-carbon economy in Europe by 2050. These initiatives and the resulting docu-
ments served as a framework for the supranational policies of the EU and each 
member state, accompanied by their autonomous regions. It was clear that CC miti-
gation was prevalent in the two newspapers, given the large number of news articles 
concerning energy transition process, i.e., the technology-based switch from fossil 
fuels to renewables and the reduction in greenhouse gas emissions. Thus, for example, 
the Canarias 7 cites the Environmental Impact Statement for the El Hierro Hydro-
electric Power Plant project and the construction of the Las Palmas-Telde power 
plant, as well as the possibility of storing CO2 underground in the Canary Islands 
in the period of July 2008/January 2009. It is worth noting that, in the period July 
2018/January 2019, the number of news articles related to the discourses and actions 
of the main political-institutional actors (Government, Cabildo, Ayuntamientos) and 
some prominent companies (e.g., Cepsa) towards decarbonisation grew considerably. 
The Diário de Notícias da Madeira reported in July 2008 that twenty-two people 
had already registered for home energy production that could be sold to the electric 
company in the archipelago (Empresa de Eletricidade da Madeira). In January 2019, 
the construction of the Pico da Urze reservoir was emphasised. Along with the invest-
ment in green energies, the political and institutional discourses focused on themes 
such as I&DT projects, blue economy strategies and regional development. Overall, 
Canarias 7 published seventeen news articles on CC mitigation and only one on CC 
adaptation, whereas Diário de Notícias da Madeira published fourteen news articles 
on mitigation, and three on adaptation. It is important to underline that a great amount 
of attention was given in the two newspapers to awareness/education/prevention 
(eight news articles in Canarias 7 and fifteen in Diário de Notícias da Madeira), 
focusing altogether on administrations’ and researchers’ efforts to increase public 
awareness, promote environmental good practices and/or advise on how to act to 
cope with CC effects in everyday life. 

For all that has been earlier mentioned, it was not unexpected to find a wide 
range of narratives regarding the discourse content, the centre of attention being 
informative/institutional, expert opinions and critical narratives. Correctly speaking, 
and in liaison with the entities involved, we have collected, in Canarias 7, eighteen 
news articles of informative/institutional essence, fourteen on expert opinion, and 
five of critical nature, whereas in Diário de Notícias da Madeira, thirty-one news 
articles had a strictly informative basis, while the same amount incorporated an 
informative/institutional basis, twelve news articles focused on expert opinion and 
ten comprised critiques (to political and institutional actors). In accordance with 
the insight into contemporary environmental crisis and CC, showing that time is 
pressing, and imminent collapse could materialise, Canarias 7 reported one piece of 
alarmist content, while Diário de Notícias da Madeira reported seven pieces, most 
of them in the period of July 2018/January 2019. Negationist narratives were almost 
non-existent, comprising only one piece in Canarias 7 (signed by an expert), and
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two in Diário de Notícias da Madeira. Other narratives assumed a prescriptive (four 
news articles in Canarias 7) or promotional (three article news in Canarias 7) axis. 

The topics related to CC and the content of the discourses allow for access 
to the subject’s position in relation to the phenomenon over time. Thus, most of 
the news covered by Canarias 7 and Diário de Notícias da Madeira evidence a 
growing concern with the topic, the acceptance that it is an unavoidable problem 
in global, national, and regional/local terms, and that possible solutions implicate 
a structural change in the development model of current societies and a paradigm 
shift (societal, political, economic). In line with this notion, Canarias 7 reported, 
in July 2018, that climate change was already a reality, highlighting the need to 
work more effectively and articulately in the Canary Islands and internationally to 
deal with the problem, contrasting with the perspective (residual, but still worthy of 
note) of a physics professor at the Universidad de Las Palmas de Gran Canaria, in 
July 2008, who sustained that linking processes of desertification occurring in the 
islands to CC is alarmist, because CC is a natural event and has always affected 
the planet. In between, the mainstream approach emerged, and some political and 
economic actors went so far as to consider CC as an opportunity or have embarked on 
manipulative discourses to evidence greenwashing, especially where the energetic 
sector is concerned. We therefore have fifteen news articles denoting CC accep-
tance and the need for a paradigmatic transformation, five denoting manipulative 
discourses/greenwashing, two denoting mainstream discourse/CC as opportunity, 
and one denoting sceptic/negationist positioning. Comparatively, Diário de Notícias 
da Madeira also reported fifteen news articles denoting believability in CC (mainly 
of anthropogenic origin) and the urgency for a paradigm shift, yet at the same time 
it published nine news articles concerning manipulative discourses/greenwashing 
and eight concerning mainstream discourse/CC as opportunity (including an inter-
view, in January 2009, to the coordinator in the Autonomous Region of Madeira 
of a benchmark Portuguese environmental NGO). Three news articles evidenced 
sceptic/negationist positioning (including one, in July 2008, regarding the president 
of the then Regional Government, and one regarding the president of a city council). 

We can thus infer that socio-environmental and climate issues summon a hetero-
geneous multiplicity of fields, actors, associated topics, narratives, together with 
distinct and sometimes incompatible positions. 

Conclusions 

We have argued that CC is a critical societal problem with global causes and conse-
quences that resonate in national and regional/local territories. Media coverage has 
the potential to increase societal awareness and knowledge of the issue, ideally 
contributing to conscious individual and collective actions. Regarding political deci-
sions, the mass media represent a decisive setting for opinion formation and legit-
imation. The research outlines that regional/local newspapers bestow a significant 
part of reporting space to CC and that it has steadily grown in importance. Therefore,
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the media have indicated to their audience that the topic has gained relevance and 
have provided some possibilities for opinion formation. 

We have highlighted several distinct aspects in the development and overall 
level of the written press’s attention in the Autonomous Region of Madeira and 
the Autonomous Community of the Canary Islands, largely due to these territories’ 
idiosyncrasies. Thus, the results confirmed the prevalence of news articles in Diário 
de Notícias da Madeira in both periods of analysis (108 vs 62). It must not be 
inferred, however, that the stakeholders (e.g., society, public and private authorities, 
economic agents, the media) are more receptive or prepared to act in Madeira. As 
mentioned, a summer month and a winter month were originally selected, intending 
to skip December on account of Christmas holidays, but Spain celebrates the Día de 
los Reyes Magos on January the 6th, hence there would be fewer articles regarding 
CC in the Canary Islands in January. In any case, the two newspapers reported more 
regional and local news than national or international ones. Moreover, the prevalence 
of political and institutional discourses is noteworthy, as are the residual number of 
news articles referencing further social actors, such as population groups, social 
movements, activists/environmentalists, and other non-official entities. The policies 
of CC were focused mostly on mitigation and awareness/education/prevention than 
on adaptation, so it is critical to develop robust and effective adaptation strategies in 
the Macaronesian region and to increase the adaptive capacity and resilience of the 
populations. The undeniable preponderance of the CC mainstream approach has led 
to incompatible discourses and positioning (e.g., CC believers/paradigm shift and CC 
as opportunity/greenwashing), leaving out of the debate other relevant contributions. 

Recommendations 

– It is most crucial that the media extend the debate on environmental problems to 
the entire society, including local communities. 

– The media should truly bridge the gap between scientists, technicians and policy 
makers and society in general, assuming their role as a public service, independent 
informers, and social educators. 

– Therefore, the media must go beyond the mainstream approach to CC and the 
sensationalist trends to take up the task of acknowledging different realities in 
specific contexts and learn from them, facilitating the populations’ adaptation 
mechanisms and their capacity for resilience. 

Limitations 

For future studies, it would be advantageous to go beyond issue attention to provide a 
rationale for the role of media debates in shaping societal reactions to the challenges 
presented by CC, and extend the research to the whole Macaronesia, providing a
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broader comparative overview of how CC is perceived, managed, and reported in 
each of its territories and amongst them. 

Funding This work was carried out at the R&D Unit Centre for Functional Ecology–Science for 
People and the Planet (CFE), with reference UIDB/04004/2020, financed by FCT/MCTES through 
national funds (PIDDAC). 
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Chapter 23 
Indigenous Knowledge of Artisanal 
Fisherfolks on Climate Change 
Adaptation in Ondo State, Nigeria 

Mosunmola Lydia Adeleke and Johannes M. Luetz 

Abstract This research investigated the Indigenous knowledge of artisanal fisher-
folks in Ondo State, Nigeria. A multistage sampling technique was used. Two coastal 
communities (Aiyetoro and Igbobini) and two riverine inland communities (Ogbese 
and Owena) were purposefully selected because of extensive fishing activities in 
the region. Fifty respondents were randomly chosen from each fishing community 
and interviewed using a structured questionnaire and interview schedule. A total of 
two hundred respondents provided information on matters related to climate change 
adaptation. All respondents (85% male; 63% married) were literate and answered 
questions based on their geographical locations and personal experiences. The results 
revealed a high awareness of climate change among the respondents. The results also 
revealed that the methods of adapting to climate change vary across the communi-
ties and are informed by local Indigenous knowledge and practices. The impacts 
of climate change were most acutely felt by the communities via adverse effects 
on their fishing business. Some fisherfolk indicated using “spiritual approaches” 
and “prayers” to adapt to the effects of climate change. Outlining unique Indige-
nous perceptions and perspectives, this mixed methods study presents Indigenous 
practices of adapting to climate change, along with arising opportunities for further 
scientific research.

M. L. Adeleke 
Department of Fisheries and Aquaculture Technology, The Federal University of Technology, 
Akure, Nigeria 
e-mail: mladeleke@futa.edu.ng 

J. M. Luetz (B) 
Graduate Research School, Alphacrucis University College, Brisbane, QLD, Australia 
e-mail: johannes.luetz@ac.edu.au; j.luetz@unsw.edu.au; jluetz@usc.edu.au 

School of Social Science, University of New South Wales, Sydney, NSW, Australia 

School of Law and Society, University of the Sunshine Coast, Maroochydore, QLD, Australia 

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 
W. Leal Filho et al. (eds.), Climate Change Strategies: Handling the Challenges of 
Adapting to a Changing Climate, Climate Change Management, 
https://doi.org/10.1007/978-3-031-28728-2_23 

475

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-28728-2_23&domain=pdf
https://orcid.org/0000-0002-9001-198X
https://orcid.org/0000-0002-9017-4471
mailto:mladeleke@futa.edu.ng
mailto:johannes.luetz@ac.edu.au
mailto:j.luetz@unsw.edu.au
mailto:jluetz@usc.edu.au
https://doi.org/10.1007/978-3-031-28728-2_23


476 M. L. Adeleke and J. M. Luetz

Introduction 

Indigenous knowledge has been used in many parts of sub-Saharan Africa (SSA) 
to conserve the environment and promote higher yields in agriculture. It has also 
helped in developing a variety of measures to adapt to climate change, such as 
growing drought-tolerant and early maturing Indigenous crops, gathering wild fruits 
and vegetables, cultivating wetlands, and diversifying and trading livestock (Abate 
and Kronk 2013; Ford et al.  2020). Despite these benefits, the importance of Indige-
nous knowledge in responding to local climate change challenges is sometimes 
not adequately recognized or leveraged for effective adaptation to climate change 
(Allison et al. 2009; Akinola et al. 2019, 2020; Hosen et al. 2020; Leal Filho et al. 
2021a). This can limit adaptive capacity in the face of progressive climate change 
impacts, including droughts, storms, flooding of crop fields, loss of fertile soil, and 
wind-blown damage to vulnerable crops, among others (IPCC 2007, 2022; Leal Filho 
et al. 2021b, c). 

Research has emphasized the benefits of so-called “reversals of learning” whereby 
Indigenous communities, which are sometimes denigrated simply as being poor, 
rather “teach the profligate and so-called ‘developed’ rich about the interwoven 
nature of frugality, modesty, contentedness, spirituality and sustainability” (Luetz 
et al. 2019, p. 132). Given that Indigenous peoples have lived sustainably for thou-
sands of years, the time is ripe to solicit their knowledge and worldview understand-
ings for climate change adaptation purposes (Ellis et al. 2021; Fischer et al. 2022; 
Walshe and Nunn 2012; Leal Filho et al. 2021a; Sultana and Luetz 2022; Yunkaporta 
2019). Crucially, Indigenous knowledge can make a vital contribution to climate 
forecasting (Balehegn et al. 2019; Chisadza et al. 2015). The opportunity costs of 
not harnessing Indigenous knowledge can limit local food security and negatively 
impinge on biodiversity, freshwater resources, natural ecosystems, and human health 
(Ford et al. 2020; Adeleke and Omoboyeje 2016; McKenzie et al. 2021; Sadiku and 
Sadiku 2011). 

Indigenous knowledge is local grassroots expertise that has been built upon and 
passed on from generation to generation via word of mouth (UNESCO 2021; Osunade 
1994). Many rural communities’ decision-making is based on this expertise. Indige-
nous knowledge is lived experience that is informed by past generations’ observa-
tions and experiments, supports local weather forecasting, and creates a natural link 
to people’s surroundings and environments (Balehegn et al. 2019; Iticha and Husen 
2019; Adesina et al. 1999). Moreover, Indigenous knowledge is valuable not only to 
the communities in which it develops but also to scientists and planners working to 
improve rural conditions (Makondo and Thomas 2018; Mundy and Compton 1991). 

Climate change has a significant impact on African fisheries and threatens the 
lives of over 200 million people who rely on fishing and aquaculture for their liveli-
hoods (Fregene and Ogunika 2013; Adeleke and Wolff 2016). This is evidenced by 
impacts on artisanal fishing, which is crucial to the livelihoods and food security 
of many communities in developing countries like Nigeria. Fishing is undertaken 
primarily for subsistence, local and small markets and generally employs traditional
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techniques and small boats (Béné 2006; Adeleke and Fagbenro 2013). Set against this 
background context, it is beneficial to research the Indigenous knowledge utilized 
by artisanal fisherfolks in adapting to progressive climate change and its adverse 
consequences. 

The field research sites for this study were chosen because of the high level of 
fishing activity in these areas; these locations supported excellent data collection 
possibilities. The primary aim of this research is to better understand the Indigenous 
knowledge on climate change adaptation in artisanal fishing in Ondo State, Nigeria. 
Its specific objectives are to determine the: 

• Fisherfolks’ perception of climate change; 
• Local communities’ awareness of climate change; 
• Socio-economic characteristics of the respondents in each local government area. 

This chapter is organised as follows. First, we introduce the study’s theoretical frame-
work. Next, we discuss the research methodology, field study locations, and sampling 
techniques. Thereafter, we present the study’s results, which we analyse in terms of 
their significance for local climate change adaptation. Data analysis will also explore 
the linkages between Indigenous knowledge, spirituality, and the capacity of local 
communities to adapt to climate change. Finally, we recapitulate the study’s main 
findings and discuss key lessons and future opportunities. 

Theoretical Framework 

Agriculture is one of the most important economic sectors in Nigeria, accounting 
for 23.4% of the country’s GDP (World Bank 2022). Over recent years, the sector 
has been negatively affected by climate change, which has resulted from a range of 
human activities, including the burning of fossil fuels, wood, solid wastes, and wood 
products; combustion of solid wastes and fossil fuels in industrial and agricultural 
activities; livestock raising and organic waste decomposition in solid waste landfills; 
bush burning; and deforestation (Idowu et al. 2011; Apata et al. 2009). The Intergov-
ernmental Panel on Climate Change (IPCC 2007, 2022) has recurrently warned of 
the adverse impacts of climate change on ecosystems, including fisheries (Bindoff 
et al. 2019). Pertinent challenges include impacts on fish production, the supply of 
fishmeal and fish oils, and future aquaculture production, as well as arising knock-
on effects. Such secondary impacts may be experienced via diminishing fishmeal 
or fish oils, particularly if stocks of species used in fishmeal production are nega-
tively affected by climate change and live-fish production. Furthermore, according to 
Adeleke and Wolff (2016), climate change can significantly impact the productivity 
and distribution of fishery resources in both freshwater and marine environments. 
The confluence of intersecting climate change issues makes small to medium coastal
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towns and riverine communities fertile case study locations for grassroots-informed 
data collection and analysis (Doust et al. 2021; Sultana and Luetz 2022). 

Research Methodology: Study Locations and Sampling 
Techniques 

This study was carried out in Ondo State, Southwest Nigeria, where the mangrove and 
rainforest zones converge. Mean annual rainfall ranges from 2,000 to 3,000 mm, and 
the climate is characterized by significant seasonal variation in humidity. Tempera-
tures range from 17.5 to 27 °C. Ondo State has a geographical area of 14,793 km2 and 
a population of about 3,460,8771 (National Bureau of Statistics 2011). According to 
Oseni (2010), agricultural livelihoods include fish farming/ aquaculture, food crops 
(e.g., cocoyam, maize, pepper, plantain, sweet potato, and tomatoes), and cash crops 
(e.g., timber and cocoa). 

The four study locations for this field research are depicted in Figs. 23.1, 23.2, 
23.3, and 23.4 (Local Government Areas are in parentheses) and include Aiyetoro 
(Ilaje), Igbobini (Ese-Odo), Ogbese (Akure North), and Owena (Oriade). Aiyetoro 
(Fig. 23.1) and Igbobini (Fig. 23.2) are located at or near the coast, and Ogbese 
(Fig. 23.3) and Owena (Fig. 23.4) are riverine water areas that are located further 
inland. Ogbese is located about 10 km east of Akure, the Ondo State capital. Notably, 
Owena (7°24,11.3,,N 5°00,52.5,,E) has a distinctive feature – this village is dissected 
by the Ondo State border and has a small part of the community in Osun State. 
Apart from this coincidental incongruity, all research sites are located in Ondo State, 
Nigeria. This includes the river in Owena, which is located entirely in Ondo State 
(Fig. 23.5).

The Ogbese River has its source at Ayede-Ekiti in Ekiti State and flows via Ogbese, 
Ondo State, and Edo State (Fig. 23.6). Ilaje and Ese-Odo are two of the State’s 
eighteen local government units. They are bounded on the north by the Ikale Local 
Government Area (LGA) and on the south by the Atlantic Ocean, with an 80-km-
long coastline. Because people in Aiyetoro (Fig. 23.7) have easy access to the sea, 
fishing is the principal source of income. Aiyetoro and its neighbouring communities 
are considered among the most important fishing locations along the coast, with rich 
biodiversity that includes shellfish (e.g., crabs, lobster, shrimp, and gastropods), fish, 
reptiles, and other species.

A mixed methods approach weighted in favour of quantitative analysis was used 
for this study (Babbie 2021; Bryman  2016). In Part A of the study, a structured ques-
tionnaire was disseminated among fisherfolks from the four fishing communities to

1 Most recent official figures available. Projections by the Ondo State Bureau of Statistics put the 
estimated State population at approximate 5.2 million. http://www.ondostatistics.org/ondo_prof 
ile.php. 

http://www.ondostatistics.org/ondo_profile.php
http://www.ondostatistics.org/ondo_profile.php
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Fig. 23.1 Aiyetoro (Coordinates: 6.105100, 4.777900) https://goo.gl/maps/jY8SZVmkjGfrVud3A

collect primary survey data. In Part B of the study, interviews, focus group discus-
sions, and physical observations were used to supplement the survey data and check 
for accuracy and reliability (Hesse-Biber 2017; Punch 2014). Fifty respondents were 
purposely recruited from each community and given a structured questionnaire to 
complete, resulting in a total of 200 respondents from all the communities. The 
questionnaire also formed the basis for the interviews and focus group discussions, 
which typically lasted about 2–3 hours, depending on the availability and engage-
ment of the participants (Figs. 23.8 and 23.9). These methodological approaches 
were employed because they are suited to Indigenous settings and because some 
discussions digressed from the questions in the questionnaire (Kovach 2018; Usman

https://goo.gl/maps/jY8SZVmkjGfrVud3A
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Fig. 23.2 Igbobini (Coordinates: 6.510500, 4.820000) https://goo.gl/maps/KdEWxq51YD9V 
9xC69

2010). Data collection took about 4–5 months (about one month in each commu-
nity) and occurred during the period November 2020–March 2021. This duration 
allowed for proper familiarization and interaction with the communities. Data collec-
tion was supported by an extension worker affiliated with The Federal University 
of Technology Akure (FUTA). Data gathered from the respondents were analysed 
using descriptive statistics and content analysis and produced insightful grassroots 
perspectives (Babbie 2021; Creswell and Creswell 2018).

https://goo.gl/maps/KdEWxq51YD9V9xC69
https://goo.gl/maps/KdEWxq51YD9V9xC69


23 Indigenous Knowledge of Artisanal Fisherfolks on Climate Change … 481

Fig. 23.3 Ogbese (Coordinates: 7.259086, 5.372463) https://goo.gl/maps/8y958yhdsd5mQvxt5

The study was approved by the Ethical Committee for Human Research and 
Laboratory Animals of the School of Agriculture and Agricultural Technology, The 
Federal University of Technology, Akure, Nigeria (Ref. No. FUTA/SAAT/07-2020-
21/023). The field survey was conducted according to the human and animal use and 
care regulations of the Canadian Council on Animal Care Guidelines and Protocol 
Review (Canadian Council on Animal Care 1993/2020).

https://goo.gl/maps/8y958yhdsd5mQvxt5
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Fig. 23.4 Owena (Coordinates: 7.403135, 5.014589) https://goo.gl/maps/2PCLDP5VoEuMp5cj8

https://goo.gl/maps/2PCLDP5VoEuMp5cj8
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Fig. 23.5 Owena riverbank; 2021 Field Survey (Photo Fawale Iyanu)
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Fig. 23.6 Ogbese river; 2021 Field Survey (Photo Fawale Iyanu)
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Fig. 23.7 Freshwater body in Aiyetoro; 2021 Field Survey (Photo Fawale Iyanu)

Results and Key Findings 

Demographic and Socio-Economic Respondent 
Characteristics 

Table 23.1 reflects the distribution of respondent ages, gender, religion, marital status, 
occupations, and education in both coastal areas (Aiyetoro and Igbobini) and inland 
water areas (Ogbese and Owena). Most respondents were younger (18–29 years) in 
Igbobini (62%) and Obese (56%) and slightly older (30–49 years) in Aiyetoro (54%) 
and Owena (58%). Across all communities, elderly respondents (50–59 years) had 
the lowest representation; Aiyetoro (6%), Igbobini (8%), Ogbese (10%), and Owena 
(8%). Most of the respondents in the four communities were males; Aiyetoro (84%), 
Igbobini (76%), Ogbese (88%), and Owena (92%). In respect of religion, most 
respondents were Christian in the coastal areas of Aiyetoro (100%) and Igbobini 
(68%), and most respondents were Muslim in the inland riverine areas of Ogbese 
(96%) and Owena (94%). Out of all study areas, there were only two respondents in 
Igbobini (4%) who professed an exclusively “traditionalist” belief. Notwithstanding,
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Fig. 23.8 Igobini community members responding to field enumerator and filling in questionnaires; 
2021 Field Survey (Photo Ogunyemi Kola)

elements of syncretism (blended beliefs consisting of amalgamated spiritual tradi-
tions and Indigenous practices) cannot be ruled out in the communities. In Aiyetoro, 
Igbobini, Ogbese, and Owena, 54%, 40%, 80%, and 78% of the respondents were 
married, while the remainder was single (46%, 56%, 20%, and 22%) or divorced 
(4% in Igbobini).

As expected, fishing was the dominant livelihood in all field research areas, 
although Igbobini showed a slightly more diversified labour force. In Aiyetoro, 
Igbobini, Ogbese, and Owena, 76%, 40%, 84%, and 90% of the respondents were 
artisanal fisherfolks; and 18%, 32%, 16%, and 10% were students. A minority of 
respondents were traders in Aiyetoro (6%) and Igbobini (12%), and only 8% of 
respondents pursued other occupations in Igbobini. In respect of the highest level of 
education, most respondents in both the coastal (Aiyetoro and Igbobini) and inland 
riverine areas (Ogbese and Owena) had undertaken secondary or tertiary education.
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Fig. 23.9 Respondents from Owena; 2021 Field Survey (Photo Ogunyemi Kola)
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Table 23.1 Demographic and socio-economic respondent characteristics 

Variables Aiyetoro Igbobini Ogbese Owena 

Freq. % Freq. % Freq. % Freq. % 

Age (years) 

18–29 20 40.0 31 62.0 28 56.0 17 34.0 

30–49 27 54.0 15 30.0 17 34.0 29 58.0 

50–59 3 6.0 4 8.0 5 10.0 4 8.0 

Total 50 100.0 50 100.0 50 100.0 50 100.0 

Gender 

Male 42 84.0 38 76.0 44 88.0 46 92.0 

Female 8 16.0 12 24.0 6 12.0 4 8.0 

Total 50 100.0 50 100.0 50 100.0 50 100.0 

Religion 

Christianity 50 100.0 34 68.0 2 4.0 3 6.0 

Islam – – 14 28.0 48 96.0 47 94.0 

Traditionalist – – 2 4.0 – – – – 

Total 50 100.0 50 100.0 50 100.0 50 100.0 

Marital status 

Single 23 46.0 28 56.0 10 20.0 11 22.0 

Married 27 54.0 20 40.0 40 80.0 39 78.0 

Divorce – – 2 4.0 – – – – 

Total 50 100.0 50 100.0 50 100.0 50 100.0 

Occupation 

Government – – 4 8.0 – – – – 

Artisanal 38 76.0 20 40.0 42 84.0 45 90.0 

Trader 3 6.0 6 12.0 – – – 

Student 9 18.0 16 32.0 8 16.0 5 10.0 

Others – – 4 8.0 – – – – 

Total 50 100.0 50 100.0 50 100.0 50 100.0 

Education 

Primary – – 6 12.0 8 16.0 6 12.0 

Secondary 15 30.0 24 48.0 33 66.0 34 68.0 

Tertiary 35 70.0 20 40.0 9 18.0 10 20.0 

Total 50 100.0 50 100.0 50 100.0 50 100.0 

Key Frequencies (Freq.) and Percentages (%) 
Data Source 2021 Field Survey
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Table 23.2 Sources of climate change awareness 

Variables Aiyetoro Igbobini Ogbese Owena Pooled 

Freq. % Freq. % Freq. % Freq. % Freq. % 

Television 30 60.0 21 42.0 17 34.0 17 34.0 85 42.5 

Radio 4 8.0 14 28.0 24 48.0 22 44.0 64 32.0 

Newspaper 6 12.0 5 10.0 – – 2 4.0 13 6.5 

Internet 10 20.0 5 10.0 7 14.0 6 12.0 28 14.0 

Others – – 5 10.0 2 4.0 3 6.0 10 5.0 

Total 50 100.0 50 100.0 50 100.0 50 100.0 200 100.0 

Key Frequencies (Freq.) and Percentages (%) 
Data Source 2021 Field Survey 

Sources of Climate Change Awareness 

Table 23.2 reflects the media sources through which respondents first became aware 
of climate change. In Aiyetoro, Igbobini, Ogbese, and Owena, respondents learned 
about climate change through television (60%, 42%, 34%, and 34%), radio (8%, 
28%, 48%, and 44%), newspapers (12%, 10%, 0%, and 4%), the internet (20%, 
10%, 14%, and 12%), and other media sources (0%, 10%, 4%, and 6%). Informal 
connections with friends and at school were reported as additional sources of climate 
change information by a small percentage of the respondents. 

Time of Climate Change Awareness 

Table 23.3 reflects the point in time when respondents first became aware of climate 
change. In Aiyetoro, Igbobini, Ogbese, and Owena, respondents started observing 
climate change in the past 30 years (16%, 8%, 6% and 0%), in the past 20 years 
(40%, 14%, 8%, and 6%), in the past 10 years (14%, 52%, 32%, and 24%), in the 
past 5 years (24%, 24%, 38%, and 38%), and in ‘Other’ time periods (6%, 2%, 16%, 
and 32%), which was understood to indicate a timeframe during the last couple of 
years. The results show that most of the respondents in the coastal areas have been 
aware of climate change for more extended time periods (10–30 years), whereas most 
of the respondents in the inland water areas have become aware of climate change 
more recently (1–10 years). This finding is consistent with the anecdotal accounts 
of coastal dwellers that sea level rises have caused the sea to move closer to their 
coastal communities. The data also suggest that climate change awareness has grown 
over recent years, which may be attributed to both recent impacts and relevant media 
coverage, as noted above.
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Table 23.3 Time of climate change awareness in the study areas 

Variables Aiyetoro Igbobini Ogbese Owena Pooled 

Freq. % Freq. % Freq. % Freq. % Freq. % 

30 years 8 16.0 4 8.0 3 6.0 – – 15 7.5 

20 years 20 40.0 7 14.0 4 8.0 3 6.0 34 17.0 

10 years 7 14.0 26 52.0 16 32.0 12 24.0 61 30.5 

5 years 12 24.0 12 24.0 19 38.0 19 38.0 62 31.0 

Others 3 6.0 1 2.0 8 16.0 16 32.0 28 14.0 

Total 50 100.0 50 100.0 50 100.0 50 100.0 200 100.0 

Key Frequencies (Freq.) and Percentages (%) 
Data Source 2021 Field Survey 

Climate Change and Indigenous and Local Knowledge 

Most respondents in Aiyetoro believed that climate change is real and is already 
affecting them through impacts on their fish farming and day-to-day activities. They 
also explained that the sea used to be 30 km away but has moved closer to their 
community because of climate change. Relatedly, fisherfolks in Aiyetoro stated that 
the sea had infiltrated the community’s freshwater bodies, altering the flavour of some 
freshwater fish (Fig. 23.7). Some people stated that climate change is primarily due 
to the rising levels of atmospheric carbon dioxide caused by the usage of fossil fuels 
and that it impacts on both the biotic and abiotic factors of the environment, as well 
as the transportation of products and people. Some respondents also linked climate 
change to rough seas, which they said can hamper their fishing activities. 

Most respondents in Igbobini said global warming was caused by human-induced 
emissions of greenhouse gases and had produced large-scale shifts in weather 
patterns. Some respondents reported that climate change is already affecting both 
farming productivity and health conditions. Others reported that climate change was 
mainly evidenced by warming temperatures and changes in precipitation. Notably, 
some respondents expressed the belief that climate change may be caused by a lack 
of traditional sacrifices. In their view, failure to perform annual sacrifices to appeal to 
their deities in nature may trigger possible punishment. Consequently, some respon-
dents interpreted the adverse effects of climate change as a kind of chastisement or 
discipline. 

In Ogbese, respondents expressed disparate perspectives on the causes and effects 
of climate change. Many stated the belief that climate change was caused by God and 
that the consequences could not be averted. Some fishermen believed that, because 
of future climate change, fish might even be more likely to come out to be caught. 
Others reported connections through increasing or decreasing sales, while yet others 
expressed the belief that climate change might even have an overall positive future 
impact on their business.
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Table 23.4 Indigenous knowledge and climate change 

Variables Aiyetoro Igbobini Ogbese Owena Pooled 

Freq. % Freq. % Freq. % Freq. % Freq. % 

Yes – – 13 26.0 8 16.0 8 16.0 29 14.5 

No 50 100.0 37 74.0 42 84.0 42 84.0 171 85.5 

Total 50 100.0 50 100.0 50 100.0 50 100.0 200 100.0 

Key Frequencies (Freq.) and Percentages (%) 
Data Source 2021 Field Survey 

In Owena, some fisherfolks felt that climate change was raising the water levels 
and the size of water bodies and that it varied by season and time; others reported 
that it had both positive and negative impacts on their fishing business. Based on 
some of the responses, there was a sense that some interviewees may not have been 
clearly distinguishing in their responses between climate and climate change. Overall, 
there was a sense that while local awareness of climate change was generally high, 
substantive proficiency about climate science was limited and informed largely by 
individual experiences and levels of education. 

Indigenous Knowledge and Climate Change 

As shown in Table 23.4, all communities were hesitant to admit any immediate 
linkages between Indigenous knowledge and climate change. This sense was most 
pronounced in Aiyetoro, where all respondents expressed such caution (100%). 
In Igbobini (74%), Ogbese (84%), and Owena (84%), sentiments were similarly 
cautious but more nuanced. Our analysis suggests that community members are not 
straightforwardly associating traditional Indigenous knowledge with climate change 
issues. Even so, discussions revealed that many Indigenous practices are nevertheless 
aimed at adapting to climate change. 

Indigenous Practices and Climate Change 

Table 23.5 reflects Aiyetoro as the only community that did not admit to engaging in 
any Indigenous practices that are unequivocally linked to climate change adaptation. 
Notwithstanding this apparent reticence in Aiyetoro (0%), respondents in Igbobini 
(88%), Ogbese (86%), and Owena (94%) overwhelmingly admitted using a range 
of Indigenous practices to adapt to climate change. Our analysis suggests that each 
community adapts to climate change in its own unique way based on Indigenous 
traditions, worldviews, and belief systems; these may include reverence for ancestors 
and respect for water spirits, especially the deity Omalokun (the god of the Atlantic).
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Table 23.5 Indigenous practices and climate change 

Variables Aiyetoro Igbobini Ogbese Owena Pooled 

Freq. % Freq. % Freq. % Freq. % Freq. % 

Yes – – 44 88.0 43 86.0 47 94.0 90 45.0 

No 50 100.0 6 12.0 7 14.0 3 6.0 110 55.0 

Total 50 100.0 50 100.0 50 100.0 50 100.0 200 100.0 

Key Frequencies (Freq.) and Percentages (%) 
Data Source 2021 Field Survey 

Analysis: Indigenous Practices Linked to Climate Change 

As noted above, Aiyetoro is a community with a majority Christian worldview orien-
tation. Most community members stated that they believe in only one God, the God 
of the Bible, to whom alone they address their prayers. Hence respondents from this 
community reported that because they identify as Christians, they do not observe any 
rituals in the community, and the only Indigenous practice they are aware of is praying 
to God. Contrastingly, in Igbobini (the other community in coastal proximity that 
also exhibits a majority Christian worldview orientation), some people also worship 
a sea goddess known as Malokun and Oboroweh (cf. Omojeje and Adu-Peters 2021). 
Furthermore, members of this community expressed the belief that water spirits are 
like humans in that they have personal strengths and weaknesses and that humans live 
among water spirits before birth. In Igbobini, the duty of prayer sanctions living in 
the good graces of the water spirits (Table 23.6). Moreover, in the literature, Omojeje 
and Adu-Peters (2021) report Indigenous worship of Malokun elsewhere along the 
Ilaje coast: “whenever the people are hungry they usually beckon on Malokun to 
come to their rescue and this is usually done through songs” (p. 227).

In Ogbese and Owena, respondents indicated observing similar Indigenous prac-
tices. Both communities are Hausas and pursue very similar fishing activities. Some 
of their Indigenous practices are summarized below (Table 23.7), including calabash 
use for fishing (Fig. 23.10).

Indigenous Practices and Climate Change on Water Bodies 

As reflected in Table 23.8, respondents in Aiyetoro (100%) indicated that there were 
no discernible connections between climate change, local water bodies and Indige-
nous practices in their community. Contrastingly, respondents in Igbobini (8%), 
Ogbese (16%), and Owena (40%) reported that there were at least some connections 
between climate change and their water bodies that could be mitigated by Indige-
nous practices. Changes were mainly observed via excessive rainfall or changes in 
the colouration of the water (e.g., from freshwater to dirty water or from white to 
black water), including changes in water levels (Figs. 23.5 and 23.6).
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Table 23.6 Indigenous practices in Aiyetoro and Igbobini 

Indigenous practices Indigenous beliefs and meanings 

Malokun People call on this spirit and believe that it helps them to catch an 
abundance of fish 

Tuke (water lettuce) People offer prayers to their gods while placing water lettuces on top of 
water bodies. People believe that this practice refreshes the water, 
allowing them to harvest different types of fish species 

Oboroweh This practice involves all the spirits in a water body. Before appeasing 
Boroweh, people summon the Malokun spirit. People believe that by 
appeasing the gods, the spirits will offer them guidance 

Boabo During this festival in December people are not allowed to fight. They 
make use of palm fronts, dance in the streets, and offer songs and 
prayers to their gods at the riverbank. After doing this, people believe 
that the spirits will come and rejoice with them 

Ogunbebe People believe that Ogunbebe is a spirit summoned from the water 
through the beat of a drum. The spirit will appear in human form and 
then dance on land without resting for three days. After the third day, 
the spirit will return to the water body. During the dance period, no one 
is allowed to go fishing. Then, after the spirit has returned, there will be 
peace in the land and an abundance of fish to catch 

Traps Traps are placed on the riverbank at night and stay in place until the 
following day when the fisherfolks will check whether the traps have 
caught any fish 

Data Source 2021 Field Survey

Table 23.7 Indigenous practices in Ogbese and Owena communities 

Indigenous practices Indigenous beliefs and meanings 

Calabash The calabash is placed on the water body. The practice helps to 
collect ‘trophies’, whereby fish that are caught are kept inside the 
calabash, which also supports transportation. This practice helps to 
catch fish 

Different hooks and lines The selection of different hooks and lines depends mainly on the 
season 

Different net sizes Different net sizes are used to catch different sizes of fish 

Source 2021 Field Survey

Festival Practices and Climate Change 

A similar picture emerged in respect of the linkages between festival practices and 
climate change (Table 23.9). Once again, respondents in Aiyetoro (100%) indicated 
that there was no discernible connection between climate change and festival prac-
tices. On the other hand, respondents in Igbobini (16%), Ogbese (18%), and Owena 
(18%) reported that, in their view, there were at least some connections between 
climate change and their festival practices. More specifically, respondents in Igbobini
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Fig. 23.10 Calabash use for fishing in Ogbese; 2021 Field Survey (Photo Fawale Iyanu)

Table 23.8 Indigenous practices and climate change on water bodies 

Variables Aiyetoro Igbobini Ogbese Owena Pooled 

Freq. % Freq. % Freq. % Freq. % Freq. % 

Yes – – 4 8.0 8 16.0 20 40.0 32 16.0 

No 50 100.0 46 92.0 42 84.0 30 60.0 168 84.0 

Total 50 100.0 50 100.0 50 100.0 50 100.0 200 100.0 

Key Frequencies (Freq.) and Percentages (%) 
Data Source 2021 Field Survey
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Table 23.9 Festival practices and climate change 

Variables Aiyetoro Igbobini Ogbese Owena Pooled 

Freq. % Freq. % Freq. % Freq. % Freq. % 

Yes – – 8 16.0 9 18.0 9 18.0 26 13.0 

No 50 100.0 42 84.0 41 82.0 41 82.0 174 87.0 

Total 50 100.0 50 100.0 50 100.0 50 100.0 200 100.0 

Key Frequencies (Freq.) and Percentages (%) 
Data Source 2021 Field Survey 

reported that some of their festival practices were linked to climate and climate 
change through rainfall during festival periods. Respondents seemingly interpreted 
this nexus as answers to prayers related to and arising from festival periods and 
practices. 

Festival Frequencies 

Table 23.10 reflects the frequencies of festivals in the communities. The results 
show that all important festival events occur on an annual basis. In Aiyetoro, the 
community observes an annual church anniversary on January 12, in addition to 
celebrating twin festival events in July. Festival observance involves community 
members gathering in a big cathedral and singing worship and praise songs to God. 
In Igbobini, the community celebrates a different festival every year in December 
(Boabo; see Table 23.6). Given that Ogbese and Owena are located in Muslim-
majority areas, respondents in these communities reported observing only the Sallah 
Festival. 

Table 23.10 Festival frequencies 

Variables Aiyetoro Igbobini Ogbese Owena Pooled 

Freq. % Freq. % Freq. % Freq. % Freq. % 

Annually 50 100.0 50 100.0 50 100.0 50 100.0 200 100.0 

Biannually – – – – – – – – – – 

Monthly – – – – – – – – – – 

Others – – – – – – – – – – 

Totals 50 100.0 50 100.0 50 100.0 50 100.0 200 100.0 

Key Frequencies (Freq.) and Percentages (%) 
Data Source 2021 Field Survey
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Table 23.11 Performing rituals to catch fish 

Variables Aiyetoro Igbobini Ogbese Owena Pooled 

Freq. % Freq. % Freq. % Freq. % Freq. % 

Yes 44 88.0 38 76.0 35 70.0 40 80.0 157 78.5 

No 6 12.0 12 24.0 15 30.0 10 20.0 43 21.5 

Total 50 100.0 50 100.0 50 100.0 50 100.0 200 100.0 

Key Frequencies (Freq.) and Percentages (%) 
Data Source 2021 Field Survey 

Performing Rituals to Catch Fish 

Although the nexus between festivals and climate change appeared to be somewhat 
tenuous, as shown above, respondents overwhelmingly admitted performing a range 
of rituals to catch more fish. Table 23.11 reflects that a clear majority of respondents 
in all communities perform rituals intended to ameliorate their fishing operations; 
Aiyetoro (88%), Igbobini (76%), Ogbese (70%), and Owena (80%). In all commu-
nities, respondents admitted performing rituals through prayers. In Igbobini, some 
respondents additionally conceded performing rituals and ceremonies by offering 
sacrifices to their gods. In summary, fisherfolks recurrently and openly reported 
employing a range of “spiritual approaches” and offering “prayers” to adapt to the 
effects of climate change. Most respondents concurred with sentiments reported in 
other research, stating: “these changes are brought about by God and [we] can only 
pray for mercies” (Nzeadibe et al. 2011, p. 21). 

New Fish Species and Climate Change 

A considerable proportion of respondents indicated that, based on their observa-
tions, climate change is altering the composition of fish species in their environment. 
Table 23.12 reflects that in all communities, respondents thought climate change was 
contributing to the availability of at least some new fish species in their water bodies, 
including in Aiyetoro (20%), Igbobini (10%), Ogbese (4%), and Owena (22%). 
Even so, respondents agreed that overall, the availability of fish species was mainly 
declining because of climate change and that some species had already become 
extinct. The findings from this study agree with other research that aquatic organ-
isms can be highly vulnerable to climate change (Bindoff et al. 2019). Notably, the 
vulnerabilities of fish species to climate change have been attributed to the average 
temperatures of both air and water changing in tandem, thus putting fish species under 
progressive stress and reducing their reproductive potential (Adeleke and Fagbenro 
2013; Tedesco et al. 2013).
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Table 23.12 New fish species and climate change 

Variables Aiyetoro Igbobini Ogbese Owena Pooled 

Freq. % Freq. % Freq. % Freq. % Freq. % 

Yes 10 20.0 5 10.0 2 4.0 11 22.0 28 14.0 

No 40 80.0 45 90.0 48 96.0 39 78.0 172 86.0 

Total 50 100.0 50 100.0 50 100.0 50 100.0 200 100.0 

Key Frequencies (Freq.) and Percentages (%) 
Data Source 2021 Field Survey 

Discussion and Conclusion 

This empirical study found that fisherfolks in Ondo State have a high overall aware-
ness of climate change. This was confirmed through mixed methods research that 
engaged 200 participants in four communities, two coastal communities (Aiyetoro 
and Igbobini) and two inland riverine communities (Ogbese and Owena). Conducting 
on-site research over a period of 4–5 months from November 2020 to March 2021 
and interviewing 50 participants in each community, 200 in total, this study found 
that respondents perceive the effects of climate change principally through how it 
affects them through their fishing operations. Many seemingly believe that observable 
changes in the climate and environment are brought about by God. Such sentiments 
were recurrently expressed through statements such as, “all we can do now is pray for 
mercy”. Accordingly, to adapt to the effects of climate change, many fisherfolks use 
a mix of Indigenous knowledge, “spiritual approaches”, and “prayers”. Their adapta-
tion practices are informed by each community’s own unique traditions, worldviews, 
and belief systems. Importantly, although climate change awareness was found to 
be generally high in all communities, local understandings of climatic change did 
not seem to have a strong basis in climate science. Therefore, by induction, it seems 
helpful to complement Indigenous knowledge surrounding risk reduction methods 
with climate scientific information, which could be disseminated to the local commu-
nities (Chisadza et al. 2015; Walshe and Nunn 2012). On the other hand, it is essen-
tial to harness the benefits of Indigenous knowledge through so-called “reversals of 
learning” so that Indigenous knowledge, values, and practices may also “teach the 
profligate and so-called ‘developed’ rich [elsewhere] about the interwoven nature of 
frugality, modesty, contentedness, spirituality and sustainability” (Luetz et al. 2019, 
p. 132). Hence there is an argument that Indigenous perspectives, values, and world-
view understandings have an essential and growing role to play within the evolving 
global climate change adaptation agenda (Balehegn et al. 2019; Nalau et al. 2018; 
Nunn and Luetz 2021). 

Over recent years there have been repeated calls for more holistic approaches to 
climate change adaptation that better integrate the domains of science, spirituality, 
and sustainability. These calls have been underpinned chiefly by the argument that
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holistic strategies will make sustainable development and climate change adaptation 
more inclusive, wholesome, and effective (Gupta and Agrawal 2017; Luetz and Nunn 
2020, 2021). Given that the literature presents people’s worldviews as being intri-
cately entangled with development outcomes, climate change adaptation strategies 
should aim for integrated approaches that conjoin different knowledges, including in 
relation to spirituality, sustainability, and science (Fair 2018; Makondo and Thomas 
2018; Nunn et al. 2016; Luetz and Leo 2021). 

Sadly, Indigenous knowledge and spirituality continue to be widely eclipsed and 
underappreciated according to the technocratic norms of the modern global economic 
system (Fischer et al. 2022; Luetz and Walid 2019; Stein 2019; Telleria 2017). Given 
that Indigenous communities have sustainably subsisted for thousands of years, it 
is high time to research and (re)discover the worldview-sustainability-adaptation 
nexus from their perspectives (Ellis et al. 2021; Fischer et al. 2022; Leal Filho et al. 
2021a, b; Schramm et al. 2020). There is a solid evidence base that Indigenous 
knowledge and spirituality can helpfully underpin sustainability and climate change 
adaptation and therefore deserve more attention from both policy and practice (Gupta 
and Agrawal 2017; Nunn et al. 2016; Yunkaporta 2019). As such, this research 
recommends holistic and inclusive adaptation approaches that conjoin and integrate 
elements of Indigenous and scientific inputs (Makondo and Thomas 2018). Integrated 
and spiritually attuned strategies will stand a greater chance of being socioculturally 
meaningful, contextually appropriate, locally practical, and sustainable over time 
(Balehegn et al. 2019; Chisadza et al. 2015; Luetz and Nunn 2020, 2021). 

This research is subject to some limitations. Given that this mixed methods 
research was weighted methodologically in favour of quantitative data analysis 
implies that there are opportunities for further in-depth qualitative inquiry. More 
specifically, it would be interesting to examine areas of syncretism between tradi-
tional Indigenous spirituality and major world religions. Future studies could investi-
gate how Indigenous spiritual beliefs may be nurtured and preserved, even when these 
have acquiesced to introduced religious traditions. Having more nuanced informa-
tion in this area could additionally strengthen strategies that target using Indigenous 
local knowledge for effective and sustainable climate change adaptation practice. 
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Chapter 24 
Clarifying Local Government 
Policymakers’ Needs on Climate Change 
Science and Technologies: Experiences 
of Science and Policy Deliberation 
at Co-Design Workshops in Japan 

Kenshi Baba and Mitsuru Tanaka 

Abstract This chapter clarifies the needs of local government officials for climate 
science and technologies and draws on future developments by science and policy 
deliberation in co-design workshops. To this end, first, the documents of local govern-
ments’ climate change adaptation plans were scrutinized, and it was examined how 
the scientific data were used for the plans. Second, interviews were conducted with 
local governments. Simultaneously, science and policy deliberation was conducted 
at a series of co-design workshops that involved over a hundred scientists and poli-
cymakers, who exchanged information on needs and resources. The main results 
demonstrate the following: (i) From the results of the scrutiny of the documents 
of local governments’ climate change adaptation plans, a higher need for scientific 
data was observed in irrigated rice cultivation, fruit cultivation, heat stroke, natural 
forest, and mudflow disasters for a shorter term and specific areas. (ii) From the 
results of the interviews, as one of the challenges, although there was no resistance 
to using the climate change projection data to formulate adaptation plans, at least 
in environmental bureaus, other bureaus responded differently. In addition, although 
population projections have been widely adopted, climate change projections are not 
at that stage. This may be due to the degree of uncertainty. (iii) From the results of the 
questionnaire surveys conducted after a series of nationwide co-design workshops, 
one of the most important lessons learned was that mutual understanding of the 
use of projection data between scientists and policymakers has not necessarily been 
promoted over time, although the degree of satisfaction with the workshops them-
selves has increased. This implies that further improvement in scientific literacy for 
policymakers and a deeper understanding of policy for scientists are required.
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Introduction 

Since the establishment of the Law Concerning the Promotion of the Measures to 
Deal with Global Warming in Japan, many local governments have begun enacting 
global warming countermeasure implementation plans centered around mitigation 
measures, positioning, and implementing various institutions and projects under 
various ordinances and administrative plans to promote these countermeasures. 
Local governments’ actions in implementing adaptation measures have been limited. 
However, in November 2015, the government’s National Plan of Climate Change 
Adaptation was adopted by the cabinet, and internationally, the Paris Agreement 
was finalized, which stipulated that the international community focus on “holding 
the increase in the global average temperature to below 1.5 to 2 degrees Celsius above 
pre-industrial levels” and called for policies which aggressively position adaptation 
measures. Consequently, at the end of 2016, many local governments enacted climate 
change adaptation plans. In June 2018, the Climate Change Adaptation Act obliged 
local governments to make efforts to enact local climate change adaptation plans. 
Therefore, this number is expected to rise. 

Climate change adaptation plans have been implemented in countries and cities 
worldwide. Previous studies on the formulation of adaptation plans include surveys 
examining the formulation of adaptation plans in large cities across the world, such 
as the United Kingdom, Europe, and large cities in the United States (Araos et al. 
2016; Heidrich et al. 2013; Reckien et al. 2018; Woodruff and Stults 2016). Carmin 
et al. (2012) and Aylett (2015) conducted questionnaires for local governments 
that are members of the International Council for Local Environmental Initiatives 
(ICLEI), a network organization of local governments around the world regarding 
environmental policies, and clarified challenges with the adaptation plan formula-
tion, such as budget acquisition, communication between departments, and national 
commitment. Bierbaum et al. (2012) surveyed documents including the adaptation 
plans of American local governments, federal governments, and non-governmental 
organizations. They identified issues such as uncertainties in information and 
decision-making, lack of resources, vertical decision-making between departments, 
institutional restrictions, and lack of leadership. Furthermore, Gero et al. (2012) 
listed the operational (limited access to scientific findings), policy (inconsistent 
rules between departments), financial (difficulty prioritizing), and cognitive (low 
awareness of risk in communities) aspects of the adaptation plan inhibiting factors 
of local governments based on their experiences inside and outside Australia. In 
addition, some studies have clarified the factors of climate change adaptation policy 
adoption among countries and local governments in terms of policy diffusion. 
Massey et al. (2014) indicate adoption of climate change adaptation policy among 
EU countries is largely being driven by internal factors such as extreme weather 
events and increased public awareness adaptation rather than external factors such 
as efforts by international organizations. Musah-Surugu et al. (2018) note that 
local governments’ adoption of climate change adaptation policies in Sub-Saharan 
Africa is a function of contextual, agency, structural, and science-heaviness factors.
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However, they tend to lack to know how to handle scientific knowledge, such as the 
output of climate models and the various impacts of climate change. 

In Japan, according to the results of a questionnaire survey conducted on the envi-
ronmental bureaus of prefectures, ordinance-designated cities, designated mid-level 
cities, and so on throughout Japan in February and March 2016 (155 distributed, 
123 returned, for a response rate of 79.4%), more than half of all local govern-
ments responded that the presumed challenges to studying and implementing climate 
change adaptation plans in local governments were “insufficient accumulation of 
experience and specialization in administrative organs” and had “discrepancies in 
awareness of division of tasks and priorities between administrative bureaus.” Addi-
tionally, 20% of these local governments pointed out “a mismatch between scientific 
knowledge and administrative needs” (Baba et al. 2017). Although climate change 
projections extending into the near future or to the end of this century and impact 
assessments in each sector have begun to be provided, many local governments are 
not in a position to obtain these with ease. 

Therefore, establishing a place for deliberation between policymakers and scien-
tists is essential for promoting local climate change adaptation plans. Efforts in 
co-design and co-production have been made in the context of climate change adap-
tation. Thus, Baba et al. (2021) and Gonçalves et al. (2022) introduced transdisci-
plinary approaches to local communities. There are a lot of such local case studies. 
On the other hand, Becsi et al. (2020) introduced the Austrian nationwide case of 
developing regional climate change impact maps in which a co-design effort was 
made together with stakeholders in adaptation planning and climate change commu-
nication experts. This rare case is also important in determining the direction of the 
future development of projections. 

The purpose of this chapter is to clarify the potential needs of local government 
policymakers when formulating a local climate change adaptation plan. Furthermore, 
this chapter attempts to draw lessons from nationwide co-design workshops that aim 
to match the scientific knowledge of climate change impacts and adaptation measures 
with the needs of policymakers. 

Methodology 

The following two methods were employed. First, documents of local governments’ 
climate change adaptation plans were scrutinized, and the scientific data used for 
the plans were examined. Simultaneously, interviews were conducted with local 
governments. Using these methods, the challenges and needs related to scientific data 
were clarified. Second, based on the above results, science and policy deliberation was 
designed and conducted at co-design workshops in which over a hundred scientists 
and policymakers participated, and their needs and resources were exchanged.
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Clarifying the Potential Needs of Local Governments 
Policymakers for Scientific Knowledge 

The use of scientific data in local climate change adaptation plans can be understood 
through a literature survey. The items on climate change impact provided for listing 
were based on subitems in the national government’s climate change adaptation 
plan. To express the suitability of the used scientific data to the region, all impact 
items were counted by adding a weighting score: (a) global scale (quoted from 
IPCC Assessment Report, etc.) = 1 point; (b) Japan scale (quoted from the national 
government’s adaptation plan) = 2 points; (c) broad region scale (quoted from the 
Japan Meteorological Agency, “global warming projection information, etc.”) = 4 
points; (d) one’s own prefecture or city scale (quoted from past documents, etc.) 
= 8 points; and (e) projection data in smaller area scale = 16 points (provided by 
themselves with local universities and research institutes). This provides an overview 
of what kinds of climate change impact items are cited using what kinds of scientific 
data and clarifies the latent need for technology development of climate models and 
impact assessment, which could be utilized for future local climate change adaptation 
plans. The results of applying this method to the local climate change adaptation plans 
enacted until March 2017 are presented in the next section. 

Simultaneously, interviews were conducted with local governments. The main 
questions were as follows: state of enactment of local climate change adaptation 
plans, motives for enactment, and organization of bureaus to examine the plan and 
challenges, characteristics of the plan, scientific data used, and challenges. This 
provides a background for the latent need for the technological development of 
climate models and impact assessments, which could be utilized for future local 
climate change adaptation plans. The results of interviews with policymakers of 
environmental bureaus in 22 prefectures and cities conducted from June to September 
2016 are presented in a later section. 

Science and Policy Deliberation at Co-Design Workshops 

In addition, science and policy deliberation was conducted at a series of co-design 
workshops in which scientists and policymakers participated, and their needs and 
resources were exchanged. Holding a direct dialogue gives them a mutual under-
standing that will lead to technology development based on specific administrative 
needs and the utilization of scientific knowledge and data in the formulation of 
local climate change adaptation plans. Evidence-based policymaking (EBPM) will 
progress in terms of climate change adaptation. “The Adaptation Local Govern-
ment Forum” was held once a year as an all-day co-design workshop during 2016– 
2019. The workshop, in which the latest developments in climate change adap-
tation technology, policies, and views were directly exchanged, was attended by
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local government officials from relevant departments, researchers from local envi-
ronmental research institutes, and scientists from nationwide universities and national 
research institutes. The results of the series of co-design workshops are presented in 
a later section. 

Results 

Clarifying the Potential Needs of Local Governments 
Policymakers for Scientific Knowledge 

Scrutiny of the Local Governments’ Climate Change Adaptation Plans 

The results of aggregating climate change impact items by scientific data that 
were used in local climate change adaptation plans by adding the weighting score 
mentioned above are shown in Table 24.1. This was aggregated by the seven sectors 
adopted by the government’s climate change adaptation plan.

As shown in Table 24.1, the most cited impact items were in the agriculture, 
forestry, and fishery sectors, including paddy rice and orchards. The next is the natural 
disaster sector, which includes debris flows, landslides, and flooding. The third and 
fourth sectors are health and natural ecosystems, which include natural forests, 
second-growth forests, and heat stroke, respectively. In terms of the geographic distri-
bution, even among these items, many more detailed studies have been done in eastern 
and northern Japan. Elsewhere, although it cannot be said to be clear, the items such 
as flooding, coastal erosion, debris flows, and landslides tend to be reported in eastern 
Japan. However, the items related to the risk of death, such as stock farming, insect 
pests or weeds, and aquaculture, tend to be studied to a certain degree in western 
Japan. 

Among the scientific data used to assess impacts in the local climate change 
adaptation plans reviewed above, category (e) is extremely rare, and categories (a)– 
(d) are frequent. Therefore, it is necessary to study future technology development, 
while keeping in mind that there could be a latent need for such impact items when 
revising future plans. 

Interviews with Some Remarkable Local Governments 

Table 24.2 outlines the results of the interviews with local governments, focusing 
on the characteristics of planning and the challenges to be addressed by the internal 
system for examination. The table was not prepared to show information for all 
local governments, but only the results for local governments from which thorough 
information was obtained.
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Table 24.2 Challenges concerning climate change adaptation plans in local governments 

Typical responses 

Characteristics of planning • Most climate change adaptation plans are 
incorporated along with mitigation plans 

• The existing climate change adaptation plans 
will be examined when the impact assessment by 
the national government will be renewed 

• Evaluation items of climate change impact with 
medium confidence or above in the national 
government’s climate change adaptation plan are 
selected in principle and are judged anew 
qualitatively in terms of the region 

• The local government officials conduct a 
literature survey of climate change impact 
assessments and look for impact examples in the 
city 

• Existing potential climate change adaptation 
measures in various areas are introduced in the 
climate adaptation plan 

• Enact a new climate change ordinance as the 
grounds 

• Enter numerical targets in the climate change 
adaptation plan 

Challenges to formulate climate change 
adaptation plans 

• The existing cross-bureau framework set to 
examine climate change mitigation measures or 
a new organization suitable for the broader issue 
of adaptation measures by adding bureaus is 
applied to adaptation planning 

• Awareness of the priority of policies differs 
between bureaus and each bureau tends to 
recognize that the existing measures have no 
relation to climate change, so there is a need for 
mutual understanding and coordination between 
related bureaus 

• When implementing climate change adaptation 
measures, it becomes a problem that the budgets 
are beyond the environmental bureaus’ 
jurisdiction 

• Adjusting the climate change adaptation plan to 
the comprehensive administrative plan has not 
been done 

• It is difficult to formulate long-term climate 
change adaptation plans with scientific data 
including high uncertainty
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One of the characteristics of planning is that most climate change adaptation 
plans are incorporated with mitigation plans. The existing climate change adaptation 
plans will then be examined when the impact assessment by the national government 
is renewed. In addition, in some local governments, the evaluation items of climate 
change impact with medium confidence or above in the national government’s climate 
change adaptation plan were selected in principle and judged anew qualitatively 
in terms of the region. Existing potential climate change adaptation measures in 
various sectors have been introduced into the climate adaptation plans of some local 
governments. Very few local governments enacted new climate change ordinances, 
entered numerical targets in the climate change adaptation plan, and very few local 
government officials conducted a literature survey of impact assessments and looked 
for impact examples in the city. 

Regarding the local governments’ challenges to be addressed in the internal 
system for examining, in almost all cases, the existing cross-bureau framework set 
to examine climate change mitigation measures, or a new organization suitable for 
the broader issue of adaptation measures by adding bureaus, is applied to adaptation 
planning. However, in many cases, awareness of the priority of climate change adap-
tation measures differs between bureaus, and each bureau tends to recognize that 
the existing measures are not related to climate change. Therefore, it is necessary 
for environmental bureaus to mutually understand and coordinate between related 
bureaus. As a result, when implementing climate change adaptation measures, it 
becomes a problem that the budgets are beyond the environmental bureaus’ juris-
diction. In addition, the climate change adaptation plan has not been adjusted to a 
comprehensive administrative plan, and it is difficult to formulate long-term climate 
change adaptation plans with projection data that include high uncertainty in all local 
governments. 

Table 24.3 shows the results of interviews with local governments, focusing on the 
challenges and needs related to scientific data from local governments. The scientific 
data used in all local governments are listed in the table, all referred to past obser-
vation data such as “Meteorological agency observation data (Reports on climate 
change),” but they used projection data in two distinct patterns: (i) very limited local 
governments independently got climate change impact assessment of some items in 
detail in collaboration with local universities and research institutes, or independently 
got customized projection data provided by the Ministry of Environment S8 climate 
change impact/adaptation research project team. When unable to obtain this, (ii) most 
local governments referred to wide-area projection data that were more widely open 
and anyone could obtain, such as meteorological agency observation data (reports 
on climate change), and Meteorological Agency global warming projection informa-
tion Vol. 8. The former approach was limited to a few local governments that were 
able to obtain a budget as a model project of the Ministry of the Environment and
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find experts in the corresponding area. In the former cases, each responsible bureau 
mainly extracted current measures that could be regarded as latent climate change 
adaptation measures, or rarely examined those measures that have never been seen 
before that could be regarded as supplementary climate change adaptation measures. 
However, many of the latter cases were only at the stage where they investigated 
worrisome phenomena qualitatively and examined sectors that should be empha-
sized to extract current measures, which could be regarded as latent climate change 
adaptation measures. 

Regarding challenges and needs related to scientific data, it has been pointed 
out that as the problem is on a temporal scale; the target year (about 2030) of the 
next plan is vital, but projection data for 2050 or 2100 are rarely required. As for 
the problem of spatial scale, it is difficult for local government officials to answer 
citizens’ frequent questions about the future state of specific locations based on 
projection data. This implies that the scale should be sufficiently wide to permit an 
understanding of the impact of several spheres within the jurisdiction of the local 
government. However, if 1 km grid size data were disclosed to the public, it would 
be worrying that people have (only) a false impression of the data. Perception gaps 
were also observed among the bureaus. Environmental bureaus cannot freely access 
data under the jurisdiction of other bureaus, whereas agriculture, forestry, fisheries, 
and disaster prevention bureaus only write in line with the guidelines of the ministry 
with jurisdiction. Although using projection data does not make the environmental 
bureau feel uncomfortable, in principle, agriculture, forestry, and fisheries bureaus 
do not use projection data in their climate change adaptation measures. This may

Table 24.3 Challenges and needs related to scientific data in local governments 

Typical responses 

Scientific data used • Meteorological agency observation data 
(reports on climate change) 

• Meteorological Agency global warming 
projection information Vol. 8 

• Japan’s climate at the end of the twenty-first 
century: projection calculations including 
uncertainty data 

• Ministry of Land, Infrastructure, Transport, 
and Tourism “A report concerning ideal 
climate change adaptation measures in the 
flood disaster area” (Result of research by the 
National Institute for Land and Infrastructure 
Management [NILIM]) 

• Original research paper 
• Customized projection data provided by the 
Ministry of Environment S8 climate change 
impact/adaptation research project team 

• Climate change impact assessment of some 
items in detail in collaboration with local 
universities and research institutes

(continued)
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Table 24.3 (continued)

Typical responses

Challenges and needs related to scientific data • As for a temporal scale, the target year (about 
2030) of the next plan is vital, but a projection 
of data in 2050 or 2100 is rarely required 

• It is difficult for local government officials to 
answer the citizens’ frequent questions about 
the future state of specific locations based on 
projection data 

• While 1 km grid size data are disclosed to the 
public, it is worrying that people have (only) a 
false impression of the data 

• It is difficult to collect observation data 
because of a lack of the Automated 
Meteorological Data Acquisition System 
(AMeDAS) 

• Environmental bureaus cannot freely access 
data under the jurisdiction of other bureaus 

• Using projection data never makes the 
environmental bureau feel uncomfortable 

• Agriculture, forestry, fisheries, and disaster 
prevention bureaus only write in line with the 
guidelines of the Ministry with jurisdiction 

• Agriculture, forestry, and fisheries bureaus do 
not use projection data in their climate change 
adaptation measures in principle 

• The city government does not exercise 
complete control during emergencies, such as 
a disaster on a river that is within the 
jurisdiction of the prefecture or national 
government 

• It is difficult for local government officials to 
survey research papers, deal with climate 
models, and explain everything about 
scientific data 

• Even if the probability is shown, it is difficult 
to make policy decisions based only on 
numerical values 

• It is necessary to clearly indicate that there is 
uncertainty, and climate change adaptation 
measures should be taken based on it 

• If there are no scientific data, the local 
government officials cannot judge whether or 
not climate adaptation measures are necessary 

• Credibility from the perspective of third 
parties is important; it should be credible 
regardless of who looks at the scientific data
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be because of the degree of uncertainty. The fact that population projections have 
been widely adopted, for example, while climate change projections are not at this 
stage, indicates that this may be due to the degree of uncertainty. Nevertheless, it is 
important to determine whether credibility exists from the perspective of third parties; 
it should be credible regardless of who looks at scientific data. It is often pointed 
out that credibility is particularly high when it is used for planning by a responsible 
government ministry or agency, and that this stage can be actively referred to. It is 
necessary for experts and scientists to keep in mind the need for basic scientific data 
by a local government when enacting a climate change adaptation plan to apply them 
to future technological development. 

Science and Policy Deliberation at Co-Design Workshops 

Overview 

Table 24.4 presents an outline of the workshops. The number of participants has 
increased over the years, and the forum is attended not only by the Ministry of Educa-
tion, Culture, Sports, Science, and Technology (MEXT), the Ministry of Environment 
(MOE), the Ministry of Land, Infrastructure, Transport, and Tourism (MLIT), the 
Ministry of Agriculture, Forestry, and Fisheries (MAFF), the Japan Meteorological 
Agency (JMA), and various bureaus of local governments.

The workshop was divided into small groups on the environment, disaster preven-
tion, agriculture, and heat stroke; a group was formed with three to six policymakers 
related to each field, several members from local environmental research institutes, 
and scientists from national research institutes and universities who were developing 
climate models and impact assessment in addition to facilitators. The remaining 
participants listened to the audience members. As shown in the table, the discussion 
topics in the workshop changed during each session. 

The purpose of the first session was to “clarify the needs of local governments for 
technological seeds related to climate change projection and impact assessment and 
to provide an opportunity to share issues for implementation.” Although the topics 
of the small groups had some differences, they generally focused on aspects such as 
‘What kind of technological development is useful for local governments to plan for 
adaptation?’ “What are you not sure of have problems with, or do not understand, 
adaptation policies?” Discussions were conducted with the material of “Procedures to 
examine adaptation policies and the reality of the implementation/Frequently raised 
issues on the ground,” which was presented at the plenary session. Since the event 
was held 6 months after the formulation of the national adaptation plan, and many 
local governments were still working on their adaptation plans through trial and error, 
the main focus was to share basic information on what data and technologies were 
needed to formulate adaptation plans. 

The second session aimed to “clarify the provision of climate change data for 
the development of adaptation measures and their use in administrative practice.”
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Table 24.4 Outline of the co-design workshops 

1st 2nd 3rd 4th 

Date Aug 31st, 2016 Aug 30th, 2017 Aug 28th, 2018 Aug 28th, 2018 

Participants Ministry of 
Education, Culture, 
Sports, Science, and 
Technology (MEXT), 
Ministry of 
Environment (MOE), 
local environmental 
research institutes, 
local govts, and 
scientists; 76 in total 

MEXT, MOE, 
Ministry of Land, 
Infrastructure and 
Transport (MLIT), 
local environmental 
research institutes, 
local govts, and 
scientists; 109 in total 

MEXT, MOE, MLIT, 
Ministry of 
Agriculture, Forestry 
and Fisheries 
(MAFF), 
Meteorological 
Agency (JMA), 
consultants, local 
environmental 
research institutes, 
local govts, and 
scientists; 150 in total 

MEXT, MOE, MLIT, 
MAFF, JMA, 
consultants, local 
environmental 
research institutes, 
local govts, and 
scientists; 140 in total 

Agenda Plenary session Plenary session Plenary session Plenary session 

• Technological 
development trend 

• Local govts’ needs 
trend 

• MOE’s policies 
• Local govts’ 
policies 

• Technological 
development trend 

• Local govts’ needs 
trend 

• MOE’s policies 
• Local govts’ 
policies 

• Technological 
development trend 

• Local govts’ needs 
trend 

• MOE’s policies 
• Local govts’ 
policies 

• Technological 
development trend 

• Local govts’ needs 
trend 

• MOE’s policies 
• Local govts’ 
policies 

Small group 
workshop 
(Environment, 
disaster, and 
agriculture) 

Small group 
workshop 
(Environment, 
disaster, agriculture 
and heatwave) 

Small group 
workshop 
(Environment, 
disaster, agriculture 
and heatwave) 

Small group 
workshop 
(Environment, 
disaster, agriculture 
and heatwave) 

• Topics: “What kind 
of technological 
development is 
useful for local 
governments to plan 
for adaptation?” 
and “What are you 
not sure of, have 
problem with, or do 
not understand 
about adaptation 
policies” 

• Topics: “What 
climate change 
adaptation 
technologies did 
you find interesting 
in the 
presentations?”, 
“What are the 
administrative 
practices where 
these technologies 
could be useful?”, 
“How to 
communicate the 
information of the 
developed 
adaptation plans to 
citizens and 
stakeholders?” 

• Topics: “mutual 
understanding of 
current impacts, 
needs, and seeds”, 
“assumption of 
impacts and 
examination of 
issues when 
assuming a 
temperature 
increase 
(mid-century)”, and 
“examination of 
hypothetical 
adaptation 
measures (plans)” 

• Topics: “issues of 
prediction and 
assessment of 
climate change 
impacts”, “issues of 
setting adaptation 
targets and progress 
management”, 
“issues of 
establishment and 
maintenance of 
regional adaptation 
centers, and 
division of roles 
between national 
and local 
governments”

In the workshop, although there were some differences in topics among the small 
groups, discussions were conducted in response to questions such as, “What climate 
change adaptation technologies did you find interesting in the presentations?” “What 
are the administrative practices where these technologies are useful?” and “How can 
we communicate the information of the developed adaptation plans to citizens and
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stakeholders?” The discussion proceeded with the use of the catalog of climate change 
adaptation technologies within the ongoing research project as reference material. 
By this time, many local governments had begun to consider adaptation plans, and 
their specific needs became clearer; thus, the focus was on discussing the use of 
data and technology in line with the planning steps. Nevertheless, more time was 
allocated to topic presentations. 

In the third session, the objective was, more specifically, to “verify the process of 
implementation of climate science and technology and data into local government 
administration and to clarify the issues.” In the workshop, although there were some 
differences in topics among the small groups, discussions were generally held on 
“mutual understanding of current impacts, needs, and seeds,” “assumption of impacts 
and examination of issues when assuming a temperature increase (mid-century),” and 
“examination of hypothetical adaptation measures (plans),” while introducing expe-
riences and examples of social implementation by some model municipalities. As the 
Climate Change Adaptation Act was about to come into effect, local governments 
would be required to make efforts to develop adaptation plans and consider regional 
adaptation centers. In other subcommittees, more time was allocated to the workshop 
so that the experiences of some local governments could be closely shared during the 
workshop. The number of participants significantly increased in the third session, 
and the range of organizations to which they belonged significantly expanded. 

The fourth session was conducted under the circumstances in which the Climate 
Change Adaptation Act was enforced, municipal adaptation plans were positioned or 
updated based on laws and ordinances, and regional adaptation centers were gradually 
established. The purpose of this session was to “examine the process of implementing 
climate science and data into local government administration and to identify issues 
to be addressed,” and to discuss the findings of the third session in more detail. In the 
workshop, although there were some differences in topics among the small groups, 
they generally discussed “issues of projection and assessment of climate change 
impacts,” “issues of setting adaptation targets and progress management,” and “issues 
of establishment and maintenance of regional adaptation centers, and division of roles 
between national and local governments,” while introducing experiences and cases 
of implementation by the model local authorities. 

Changes in Post-Event Evaluation 

The following shows the results of a brief questionnaire sent to the participants after 
the event. 

Regarding the level of satisfaction with the plenary session in the first half of 
the event, 80%–90% of the evaluations were positive in all four sessions, and no 
major improvements were suggested, except for insufficient time. The level of satis-
faction with the second half of the small-group workshops was even higher in all 
four sessions, and the fact that few other opportunities for direct and close exchange
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of opinions between experts and policymakers are available is thought to enhance 
positive evaluations (Figs. 24.1 and 24.2). 

In stark contrast, however, positive evaluations of progress in the mutual under-
standing of the use of scientific data and administrative practices have become less 
frequent. This trend is also generally true for the evaluation of the potential of using 
scientific data in administrative practices (Figs. 24.3 and 24.4).

The following challenges emerged from the free-text column. The general trend 
was that, although the participants had a better understanding of the issues, they 
needed to improve their understanding and ability to read and understand the data 
to take the information back to their bureaus and result in the formulation of a plan, 
and it was difficult to link the results of projection and impact assessment to specific 
measures.

● While research on basic data is progressing, the overall impression is that the 
receiving system of the local government that uses the data is not yet in place.

● As individuals, the participants felt that they had achieved a better understanding 
of the content of scientific data, but that a more detailed explanation was needed 
to apply it in their work and to have others understand it.

● Many different types of scientific data and fields exist; thus, the more information 
one obtains, the less one knows what to do with it.

● It is difficult to utilize scientific data at the prefectural level because this would 
require a budget.

Fig. 24.1 Post-event evaluation: satisfaction of the plenary session 

Fig. 24.2 Post-event evaluation: satisfaction of small group workshop (Altered from Tanaka and 
Baba 2021) 
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Fig. 24.3 Post-event evaluation: progress in mutual understanding of the use of scientific data and 
administrative practices (Altered from Tanaka and Baba 2021) 

Fig. 24.4 Post-event evaluation: possibility of using scientific data in administrative practices

● Instead, it seems that more issues have arisen. In the face of uncertainty, local 
governments will accept policies that are based on projections.

● While I would like to actively use scientific data, it was difficult to come up 
with something concrete that the government could do with the data other than 
promoting awareness, and I sensed the difficulty in implementing adaptation 
measures.

● The administrative practice seeks error-free projection by downscaling, but since 
projection has its limitations, I felt that we should not rely too much on projection, 
but on vulnerability assessment and management through PDCA. 

Policymakers also expressed the following views on the possibility of using scien-
tific data: The use of uncertain data for planning and the gap between bureaus within 
the local government office remains a significant issue. This may be the reason for 
the split in evaluations.

● A methodology for translating the research findings (impact assessment) into 
policies must be developed. Currently, there is a disconnect between the scientific 
approach and how local governments work.

● As probabilistic thinking, which has become mainstream in climate change, does 
not fit into local government decision-making, it makes little sense to provide 
datasets created by scientists as they are. Is it best to create a small number of 
(socioeconomic) scenarios and have local governments endorse them?

● A system that can easily visualize various data would make it easier for local 
government policymakers and others to obtain a clearer picture.
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● I would like to provide advice on how to make projections at the municipal level 
and correctly assess the temperature, rainfall, and so on. We would also like the 
MLIT and MAFF to coordinate in advance when releasing data.

● In many cases, bureaus that implement adaptation measures are not environmental 
bureaus; thus, an environment that facilitates cross-bureau cooperation is neces-
sary (for example, I would like to see top-down instructions, notifications, and 
guidelines issued by the relevant central government ministries and agencies.)

● As a local environmental research institute, we can act as an intermediary; 
however, it is not easy to reflect on the latest scientific findings on local governance. 
It is important to make local government policymakers grasp scientific knowledge, 
but since government officials change every 2–3 years due to personnel turnover, 
it is difficult for scientific data to be reflected in policy without changing the 
administrative structure.

● It is particularly difficult for local governments to analyze and utilize necessary 
data on their own. There is a concern that the scientists and local governments 
involved will match the data and research results individually.

● It would be beneficial to have a summary of which experts and data are available 
where, what kind of impact assessments are effective for which areas, and provide 
them in a form that can be conducted at the local climate change adaptation center.

● No administrative plan can be formulated without scientific evidence. We believe 
that this method is necessary.

● It is necessary to present the usage of the system in a manner that is appropriate 
for a wide range of fields and people involved. It is also necessary to have human 
resources that can connect experts with the government and the public and private 
sectors. Prefectural residents: Data and pictures are sufficient to show that this 
is probably the way things go. Industry: Enough data to make the risk visible to 
mitigate, for example, the amount of damage. Prefectural government: Accurate 
and precise data on the prioritization of measures. 

In addition, the following comments were received from scientists and consul-
tants showing their awareness of responding to local government needs and their 
willingness to coordinate matching needs and resources through this kind of forum.

● In the future, with the establishment of the Climate Change Adaptation Act, local 
governments will make specific adaptation plans. Looking at group work, I felt 
that many specific needs arose in this process and that I could mediate by collecting 
them.

● It would be effective if there were more opportunities for dialogue between the 
creators/providers of scientific data and the users and to learn and understand each 
other’s efforts, situations, and issues in detail.

● We would like to provide information that better meets the needs of the local 
governments.
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Discussion 

As mentioned, various challenges are expected from the examination and enact-
ment of local climate change adaptation plans. It is important to examine whether 
the mismatch between scientific knowledge and local government needs can be 
resolved through these deliberations. Verifying whether scientific knowledge can be 
applied to future local climate change adaptation plans is important for explaining 
the possibilities of evidence-based policymaking (EBPM), that is, planning based on 
a precautionary principle. 

As Cairney (2016) points out, EBPM has the following barriers: (i) Scientific 
findings that are reliable in terms of policy challenges and solutions are lacking. 
Additionally, they are not packaged in a way that allows policymakers to understand, 
become interested in, and hope for policy changes. (ii) Despite scientific findings, 
policymakers have not paid adequate attention because a gap exists in the timing 
of journal publication of scientific findings and policy formulation. Scientists also 
lack an understanding of policy agenda priorities. (iii) What policymakers want to 
do first, and then search for suitable or bending scientific findings to support policy 
decisions. The background of this is that national and local governments tend not 
to view climate change risks as long-term policy issues. Politicians do not try to 
understand data, and policymakers have a biased understanding of the preeminent 
challenges. It would be extremely difficult to make changes regarding these issues. 

The following are the potential solutions: As for the problem (i), the quality of 
the scientific findings provided will likely continue to improve through a national 
research project. As an important function of local climate change adaptation centers, 
information and data must be provided to local stakeholders in a simplified manner. In 
terms of (ii) and (iii), a cultural difference exists between academia and policymaking, 
and not only in terms of terminology, while scientists pursue the accuracy of scientific 
findings (including uncertainties), policymakers demand certainty, clear solutions, 
and value alignment of interests. These tasks show a notable cultural gap, and filling 
this gap is crucial. To that end, it is important to create a setting where scientists, 
policymakers, and stakeholders can directly discuss co-design workshops sharing 
needs and resources. Analyzing the minutes of co-design workshops by text mining, 
local environmental research institutes can be an interface between policymakers 
and scientists, possibly playing an important role in the formulation of adaptation 
plans that utilize projection data and impact assessments (Iwami et al. 2020). As 
such, improvements to local climate change adaptation centers that break through 
the barriers to EBPM are urgently required.
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Conclusions and Further Development 

This chapter clarified local government officials’ needs for climate change science 
and technologies and drew future developments through science and policy deliber-
ation in co-design workshops. The principal results of this study are as follows. 

First, from the results of the scrutiny of the local governments’ climate change 
adaptation plans, the most cited impact items were in the agriculture, forestry, and 
fisheries sectors, including paddy rice and orchards. The next is the natural disaster 
sector, which includes debris flows, landslides, and flooding. The third and fourth 
sectors are health and natural ecosystems, which include natural forests, second-
growth forests, and heat stroke, respectively. Among the scientific data used to assess 
impacts, the category “e) projection data in smaller area scale” is extremely rare and 
“a) global scale (quoted from IPCC Assessment Report, etc.)” to “d) one’s own 
prefecture or city scale (quoted from past documents, etc.)” are frequent. Therefore, 
it is necessary to study future technology development while keeping in mind that 
there could be a latent need for such impact items when revising future plans. 

Second, from the results of interviews conducted with some remarkable local 
governments, they used projection data in two distinct patterns: (i) very limited local 
governments independently received detailed climate change impact assessments of 
some items in collaboration with local universities and research institutes or indepen-
dently obtained customized projection data provided by the Ministry of Environment 
Climate Change Impact/Adaptation Research Project Team. When unable to obtain 
this, (ii) most local governments referred to wide-area projection data that were more 
widely available and anyone could obtain. As one of the challenges and needs related 
to projection data, the problems of temporal and spatial scale, credibility, and uncer-
tainty were raised. In particular, although there was no resistance to using climate 
change projection data to formulate plans, at least in environmental bureaus, other 
bureaus responded differently. In addition, although population projections have been 
widely adopted, climate change projections are not at that stage. This may be due to 
the degree of uncertainty. It is necessary for experts and scientists to keep in mind 
the need for basic scientific projection data by a local government when enacting a 
climate change adaptation plan to apply them to future technological development. 

Third, one of the most important lessons learned from a series of nationwide 
co-design workshops based on the results of the questionnaire surveys conducted 
afterward was that a mutual understanding of the use of projection data between 
scientists and policymakers has not necessarily been promoted over time, although the 
degree of satisfaction with the workshops themselves has increased. The challenges 
are that although the participants had a better understanding of the issues, they needed 
to improve their understanding and ability to read and understand the data to take 
the information back to their bureaus, resulting in the formulation of a plan, and that 
it was difficult to link the results of projection and impact assessment to specific 
measures. Again, the difference in the use of uncertain projection data for planning 
between bureaus within the local government office remains a significant issue. These 
may be the reasons for the split in evaluations.
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This seems to be a limitation of this co-design workshop; however, in terms 
of the original purpose of determining the direction of the future development of 
projections, it provides a valuable opportunity to learn about it. However, simulta-
neously, further improvement in scientific literacy for policymakers and a deeper 
understanding of policy for scientists are needed. To overcome these barriers, the 
role of local climate change adaptation centers is important. Many local climate 
change adaptation centers are expected to work as an interface between the local 
government and scientists; thus, they play an important role in applying projec-
tions to the formulation of adaptation plans. It is also important to take on the role of 
sharing needs and resources in co-design workshops, where scientists, policymakers, 
and stakeholders come together to hold direct discussions. The importance of such 
a forum for dialogue between science and policy is growing, not just for climate 
change issues. In the post-coronavirus era, spatial and geographical barriers have 
been lowered, and it is important to establish a forum for dialogue between science 
and policy using mechanisms such as online deliberation. 
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Chapter 25 
Climate Change Adaptation: 
An Overview of Contextual Factors 
Constraining Adaptation Responses 
of Smallholder Agricultural Producers 

Shehu Folaranmi Gbolahan Yusuf 
and Oluwaseun Oluwabunmi Popoola 

Abstract Climate change remains a vital concern, with its impact over time threat-
ening many sectors, including agriculture. One of the central issues is the inconsis-
tency in climate variables, with extreme climate events likely to have cataclysmic 
consequences that will affect agriculture and every other sector in the global economy. 
A broad range of empirical and non-empirical research has been conducted on the 
effects of climate change on global agricultural productivity, farmers’ adaptation 
actions, and factors influencing and constraining such adaptations. This paper reviews 
the implications of changing climate conditions for the agricultural productivity of 
smallholder farmers, the concept of adaptation, the nexus between perception and 
adaptation, and various theoretical underpinnings that may explain determinants 
and constraints to adaptation. The theories applied are protection motivation theory, 
(PMT), conservation of resources theory (COR), rational choice theory (RCT), the 
knowledge gap theory and the theory of perceived attributes. An attempt is made to 
understand the factors that constrain smallholders’ adaptation responses through a 
review of the scholarly literature on the topic. This is followed by suggestions, based 
on the literature, for mitigating the challenges and enhancing the adaptive capacities 
of smallholder producers. 

Introduction 

Climate change as a subject matter is complex, requiring vast and detailed analysis 
from diverse disciplines and a convergent resolve to comprehend the complexities 
in pursuit of solutions to its impacts (Hertel and Rosch 2010). Various definitions 
of the concept have been generated over time by numerous researchers, institutions 
and bodies through analysis of empirical findings. These varied definitions agree on
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two basic aspects: (i) alteration occursinthe elements, properties and composition of 
climate (i.e., temperature, precipitation and humidity, amongst other aspects), and (ii) 
these alterations are and have been occurring over an extendedperiod of time (Hegerl 
et al. 2007: International Strategy for Disaster Reduction (ISDR) 2008 IFAD). The 
literature maintains that as temperaturescontinue to undergoa rising trend, extreme 
weather events such as temperature upsurge, droughts, floods and other natural disas-
ters will keep occurring with increasing frequency and intensity, with presumed 
global consequences (United Nations Framework Convention on Climate Change 
(UNFCCC) 2007; ISDR  2008; United Nations Environment Programme (UNEP) 
2010; Intergovernmental Panel on Climate Change (IPCC) 2013; International Fund 
for Agricultural Development (IFAD) 2014; Geological Society of America (GSA) 
2015). Although projections for the magnitude, degree and regional patterns of 
climate variability are imprecise, most researchers agree that its consequences will 
affect generations (Maponya and Mpandeli 2012). These extreme weather events 
are alreadycausing damage tofarmlands, properties and even the human population 
(IFAD 2014). Theimpact over time threatens global welfare (Rasul 2021) on an  
immense scale. 

Climate change affects many sectors of the global economy (UNFCCC 2007), 
with the agricultural sector one of the most susceptible to climatic variations (Ahmed 
et al. 2013; Fujisawa et al. 2015). Agriculture is the mainstay of many developing 
economies and the primary source of livelihoods for a number of their social classes 
(Smith et al. 2014). It is the backbone of most economies, providing employment 
for 70% or more of some populations and contributing a large proportion of national 
gross domestic product (GDP) (IFAD 2014). 

As climate change impacts intensify, many agricultural regions will experience 
loss and degradation of critical agricultural soil and water assets that will continue 
to challenge both rain-fed and irrigated agriculture unless innovative conservation 
methods are implemented (Bathke et al. 2014). Decreasing crop and livestock produc-
tion is projected for many regions, with consequences for global food security as crop 
yields, food prices, food processing, storage, transportation and retailing all bear the 
brunt of climate change (Bathke et al. 2014). The agricultural sector is therefore 
under immense pressure as a result of climate change, with its intensity threatening 
to exceed mankind’s capacity to adapt. As global population grows, there will be 
increased demand for food, which may become increasingly difficult to meet if 
adequate and appropriate adaptation responses are not put in place. Given these real-
ities, it is essential that efforts at innovating and implementing adaptation measures 
are relentless. 

The drive to reinforce smallholders’adaptation to climate change in order to facili-
tate sustainable food production is weak in many regions (Ingutia 2021). The majority 
of smallholder farmers rely on what they produce for food security; however, such-
securitycan rarely be guaranteed based on farmers’ own production, as individual-
production levels are low and few smallholders are able to generate revenues from 
the sale of surplus products (Marongwe et al. 2011). This increases their vulnera-
bility, making them tremendously reliant (particularly during drought) on external 
aids for seeds, fertilisers and even food (Marongwe et al. 2011). Smallholder farming
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communities and associatedstakeholders (with whom farmersinteract and on whom 
they often depend) need,as a matter of urgency, to harness ways of adapting to 
longer-term climate changes. 

Smallholder farming families are constrained by several factors that limit their 
access to climate-smart farming. ‘Farmers’ adaptation to climate change is modu-
lated by their exposure to multiple and interacting stressors and their decision making 
is often largely affected by these various non-climatic stimuli’ (Fujisawa et al. 2015, 
p. 2). Studies mention social, economic, environmental and institutional constraints 
as factors affecting the adaptation decisions of most farming populations (Sacramento 
et al. 2012; Komba and Muchapondwa 2012; Berman et al.  2013; Juana et al. 2013; 
Terdoo and Adekola 2014; Balew et al. 2014; Taruvinga et al. 2016). Many concur that 
resource-constrained smallholder producers may not have the financial capacity to 
adopt climate-smart technologies (Lin 2011). In the agricultural industry, adaptation 
to climate change islargely framed as a ‘grassroots’ challenge (Montmasson-Clair 
and Zwane 2016). There are limited coping and adaptation response options for 
many grassroots farming communities, with the majority implementing temporary 
measures to curtail climate change impacts on their productivity (Wiid and Zier-
vogel 2012; Otieno and Muchapondwa 2016). Unfortunately, climate events will 
continue to affect the smallholder agricultural sector if urgent attention is not given 
to implementing sound and long-term adaptation responses and policies (Turpie 
and Visser 2013). Smallholder adaptation responses remain significantly weakened 
(Ingutia 2021). This will have to be addressed across the board, as the success of any 
adaptation or intervention scheme largely depends on smallholder sector inclusion 
(Ingutia 2021). 

The struggle to adapt to climate variations has intensified in recent years (Mitchell 
and Tanner 2006). Adapting to climate change means 

adjustment in natural or human systems in response to actual or expected climatic stimuli or 
their effect, which moderates harm or exploits beneficial opportunities. Adaptive strategies 
are longer-term (beyond a single season) strategies that allow people to respond to a new 
set of evolving conditions (biophysical, social and economic) that they have not previously 
experienced. (UNEP) United Nations Convention to Combat Desertification (UNCCD) and 
United Nations Development Programme (UNDP) 2009, p. 12) 

It can be deduced from the literature that adaptation strategies are long-term measures 
that are planned and executed beyond a specific period in an effort to respond to 
climate change threats to enhance the adaptation capacities of a population (Abeka 
et al. 2012; Hizza 2013; Balew et al. 2014). 

Humans have long had to develop various means of dealing with inconsistencies 
in climate (Mitchell and Tanner 2006); in recent decades, agricultural producers’ 
vulnerability to climate change has intensified, motivating them to find ways of 
adapting to its effects (Fujisawa et al. 2015). Studies (Lynn et al. 2011; Berman  
et al. 2013) have observed that while many rural communities are adopting measures 
to lessen the effects of climate change on their productivity, these measures are 
largely coping mechanisms; they are generally short-term or temporary strategies 
(Abeka et al. 2012; Tesso et al. 2012; Hizza 2013; Mpandeli et al. 2015; Pandey
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et al. 2018). Studies suggest that indigenous adaptations are vital complementary 
measures that maybe used to moderate the deleterious impacts of climate change 
(Taruvinga et al. 2016), describing the multiple means that smallholders have devised 
to cope (Juana et al. 2013). However, it would be incorrect to presume that all farmers 
affected by climate change have taken considerable measures to combat the situation; 
some studies report ‘no adaptation’ as an adaptation strategy, ‘yet such scenarios are 
very popular [common], which suggests the desperate nature often faced by rural 
households when exposed to climate change and variability shocks’ (Taruvinga et al. 
2016, p. 687). 

In addition, existing climate stresses have been found occasionally to exceed 
individual capacity to cope, a situation which is likely to deteriorate if such capacity 
is not improved upon (Mitchel and Tanner 2006). 

Making decisions at the farm level usually occurs within a short time frame; such 
decisions are influenced by social and economic factors, amongst others (Tesso et al. 
2012). A crucial concern is whether these short-term measures are suitable for miti-
gating the increasing scale and frequency of risks associated with climate change in 
the distant future. The sustainability of communal livelihoods rests upon the imple-
mentation of long-term strategies (Hizza 2013), which is why it is critical to focus 
on the feasibility of developing appropriate and cost-effective long-term strategies. 
The intensity of the effects of climate change on livelihoods largely depends on 
the scope of adaptation responses (Gbetibouo 2009); also, increases in production 
efficiencies are achievable using appropriate adaptation strategies (The International 
Labor Foundation for Sustainable Development (ILFSD) 2011). 

For these reasons, assessing existing adaptation measures and constraints to adap-
tation is a critical step to improving agricultural producers’ current strategies and 
introducing more suitable adaptation systems (Kassie et al. 2013). 

Purpose of Paper 

The primary purpose of this review paper is to contextualise the constraints to climate 
change adaptation by smallholder agricultural producers. Under this overarching 
purpose, the review seeks to:

● highlight the implications of changing climate conditions for agricultural produc-
tivity;

● understand the nexus between perception and adaptation;
● explore theories that may explain determinants and constraints to adaptation;
● uncover existing barriers to adaptation through the lens of the literature; and
● make suggestions for mitigating climate change for smallholder producers.
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Methodology 

Using online academic search engines and data portals such Google Scholar, Science 
Direct, JSTOR, Web of Science, and the University of Fort Hare’s digital library, 
among others, the authors carried out a wide ranging search of scholarly litera-
ture on climate change adaptation and related themes. Delimitations of the search 
were (i) Limiting the search to literature published in English; (ii) Focusing on 
literature centered on climate change risks to agricultural production, adaptation 
responses, determinants of and barriers to adaptation, and theoretical perspectives 
that may influence adaptation; (iii) Using key search words and phrases such as 
climate change, risks/threats, perception, adaptation responses, strategies, measures, 
barriers, determinants or constraints to adaptation, crop, livestock, theories, and other 
closely related strings of words; and (iv) Extracting relevant materials from predom-
inantly peer-reviewed journals and grey literature with information of value to the 
investigation. 

The authors narrowed down information sources to a combined total of one 
hundred and six scientific papers and non-traditional publications consisting of 
published research papers in peer-reviewed journals, books, reports, government 
publications, working papers and conference proceedings. As the primary aim of 
this review was to investigate and describe contextual factors that constrain small-
holder producers’ adaptation to climate change, the review was guided by key ques-
tions: (a) What are the effects of climate change on agricultural production? (b) How 
does people’s perception of climate change influence their responses, in terms of 
either adapting or failing to take any steps to respond to the situation? (c) How can 
we use existing theories to better explain the factors influencing farmers’ adaptation 
responses? and (d) What major constraints are mentioned in the literature as affecting 
adaptation responses, and what has been suggested to help mitigate these barriers? 

Results and Discussion 

Implications for Agricultural Productivity 

Challenges arising from climate change have been elucidated by numerous research 
papers which point out its severe implications for agriculture (Mitchell and Tanner 
2006; Trevors 2010; Juana et al. 2013; Bathke et al. 2014; Popoola et al. 2018, 
2019a). Studies show increasing impacts of recurrent inconsistences in temperature, 
rainfall and other extreme climate events on crop and livestock production (Maponya 
and Mpandeli 2012; Nkomwa et al.  2014; Shongwe et al. 2014; Li et al.  2015; 
Popoola et al. 2018, 2019a, b). These impacts vary from an increase in pests and 
diseases to heat stress, altered soil conditions, loss of vegetation and a host of other 
drastic consequences affecting yields at both the commercial and smallholder level 
of production.
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Some of the adverse effects include: (i) the depletion of production land, (ii) 
shortening of the growing season, (iii) drying out of soil moisture and nutrient 
content, affecting crop growth and yields, (iv) increasing infestation/infections of 
parasites and pathogens, (v) escalating heat stress on plants and animals, (vi) 
increasing infernos, which reduce grasslands for foraging, consequently affecting 
livestock/poultry weight, meat, milk and egg production, (vii) unhealthiness and 
even death, and (viii) loss of farm income earnings, amongst many other impacts 
(Eitzinger et al. 2010; Hatfield et al. 2011; Department of Economic Development 
and Environmental Affairs, DEDEA 2011; Maponya and Mpandeli 2012; Newton  
et al. 2011; Turpie and Visser 2013; Kassie et al. 2013; Alade and Ademola 2013; 
Megersa et al. 2014; Mpandeli et al. 2015; Shongwe et al. 2014; Nkomwa et al.  2014; 
Terdoo and Adekola 2014; Li et al.  2015; Popoola et al. 2018, 2019a, b). 

The smallholder sector is already a vulnerable group (Lin 2011; Maponya and 
Mpandeli 2012; Obi  2013), and becomes especially so in the face of substantial 
increases in climate variability (Benhin 2008; Turpie and Visser 2013). The sector’s 
vulnerability is likely to affect future revenue generation, heightening impoverish-
ment amongst smallholders (Turpie and Visser 2013). For this reason, it is essential 
that smallholder farmers are assisted to adopt suitable adaptation strategies as quickly 
as possible. 

The Nexus Between Perception and Adaptation 

Psychology research papers show that adapting to climate change often depends less 
on what is learnt about it than on how, and from whom, it is learnt (Clayton et al. 2015). 
Perception of climate change is influenced by multiple factors, including information 
media, personal experience and/or other individuals (Clayton et al. 2015). Secondary 
sources of information may not be as effective in influencing a person’s outlook or 
behaviour towards climate change as having a direct and personal experience of it 
(Spence et al. 2011; Rudman et al. 2013; Clayton et al. 2015). People’s ability to 
perceive and interpret climate change informs their responses in terms of protecting 
their wellbeing and future (Ofuoku 2011). 

Perception is therefore significant to farmers’ adaptation responses (Gbetibouo 
2009; Bello et al. 2013; Molua 2014). Contradictions between climate change predic-
tions and the perception of farmers could, for instance, result in farmers adopting 
deficient or counterproductive adaptation measures (Kassie et al. 2013). Studies 
have shown that farmers perceptions of climate change on productivity are an impor-
tant factor informing their decisions on whether and what coping and/or adaptation 
actions to take (Belay et al. 2017; Fahad and Wang 2018; Khanal et al. 2018; Popoola 
et al. 2018, 2019a, b). Understanding farmers’ perceptions is therefore fundamental 
in assisting them to develop effective adaptation responses, and for the sustainable 
growth of communities (Clayton et al. 2015; Belachew and Zuberi 2015). 

A study on protection motivation theory (PMT) by Le Dang et al. (2014) states 
that perception is the first part of the PMT cognitive mediating process. PMT is one
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of the psychological models applied to climate change adaptation (Reser and Swim 
2011). The four major components (threat appraisal, coping appraisal, mal-adaptive 
coping, and protection motivation) in the thought/cognitive mediating processes of 
protection motivation theory have been effectively linked to climate change. In their 
new context, the components are referred to as: (i) climate change risk appraisal or 
risk perception of climate change, (ii) adaptation appraisal or adaptation assessment, 
(iii) avoidant maladaptation (iv) adaptation intention (Le Dang et al., 2014). 

Individuals tend to evaluate climate change threats by themselves in two ways 
(Le Dang et al. 2014): 

1. Perceived probability: This is the anticipation or likelihood that they may be 
exposed to climate change threats. 

2. Perceived severity: This is the extent to which they may be affected if eventually 
exposed to climate change threatening conditions. 

It is the perception of these potential threats (the threat assessment) that leads to 
the next step in the cognitive process, which is adaptation assessment. This involves 
more thought processes: 

1. Perceived self-efficacy: This refers to the perception of individuals of their ability 
to adopt adaptation strategies in response to climate change threats. 

2. Perceived adaptation efficacy: This is a form of perceived credence in the 
efficiency of adaptation measures. A number of socioeconomic, cultural, political 
and institutional factors influence this. 

3. Perceived adaptation cost: This denotes the individual’s perception of what 
resources, labour and time will be required to adopt and implement adaptation 
measures. 

One of two possible cognitive processes is then activated; individuals may choose to 
deny or become passive about the threats (maladaptation) or face the threat headon 
by establishing the intent to take up adaptation measures or strategies (adaptation 
intention). 

Understanding Factors that May Influence/Constrain Climate 
Change Adaptation 

In responding to weather irregularities, smallholder producers experience and deal 
with multiple stresses arising from hostile environmental conditions caused by recur-
rent variations in climate, all of which escalate their vulnerability as production 
become increasingly constrained. These stresses tend to affect the psychological state 
of farmers, particularly those in remote communities who lack sufficient capacity to 
adapt to climate variations. Such psychological strains arise from their economic 
losses and the increased burden of eking out a living by any means possible. It is 
therefore crucial to understand the concept of stress.
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Stress may be defined as a substantial disproportion existing between envi-
ronmental demands and the response capacity of the principal organism in that 
environment (McGrath, 1970). Psychological stress is the association between an 
environment and persons living within the confines of that environment, in which 
such persons evaluate the environmental conditions as challenging, demanding, or 
surpassing their resources and threatening their state of wellbeing (Lazarus and 
Folkman 1984). Much of the literature builds on Cannon’s (1929, 1932) conceptual-
isation of the diverse ways people react to psychological stress (Hobfoll 1988; Arun  
2004; Turton and Campbell 2005; Chrousos et al. 2013). In illustrating Cannon’s 
‘fight-or-flight’ concept of stress reaction, Hobfoll (1988) stated that the fight-or-
flight response is the marshalling of every available bodily resource to directly 
counter or evade a threat. The author elucidated that the fight-or-flight response can 
be described using a dual-axis stress response matrix which indicates the different 
reaction modes—action or inaction, flight or fight—of individuals to psychological 
stresses. According to this matrix, individuals might choose to acknowledge the 
reality of the situation and attempt to take certain actions to deal with it, or, alter-
natively, switch to denial mode and decline to take necessary actions to pre-empt 
adversity. 

In the case of climate change threats, farmers who choose to recognise recurrent 
extremes of climate and who accept their likely consequences tend to take immediate 
actions to cope with or adapt to such extremes, while farmers who recoil into a denial 
state tend to do little or nothing to respond to such conditions. Fundamentally, how 
people choose to react when faced with challenging circumstances such as unstable 
weather conditions plays a pivotal role in determining their adaptation capacities. 

The theories below help to conceptualise individual thought processes and eval-
uations of situations, which in turn lead either to being driven to respond or failing 
to respond and alleviate the stressed state. 

Climate Change Responses through the Lens of Theories 

The Conservation of Resources Theory (COR) 

The principal assumption of the COR theory is that there is an inherent desire in 
individuals to conserve their resources (both quantity and quality) and to restrain 
any condition that might threaten the safety of these resources (Hobfoll 1988, 
2001). Hobfoll’s (1988, 2001) proposition suggests that individuals highly value 
their resources and have a natural instinct to protect them. Threats to resources could 
take three forms (Hobfoll 1988; Zamani et al. 2006): 

i. The threat of a net loss of resources: This supposes that individuals are 
threatened or faced with a ‘potential’ and not ‘actual’ loss of their resources. 

ii. The net loss of resources: Individuals in this position have to deal with the 
actual loss of resources.
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iii. The lack of resources gained following investment of resources: This form 
applies to individuals who may at some point have invested existing resources 
in the hope of acquiring additional (turnover of) resources, but who fail to do 
so. 

The actual or potential loss of resources jeopardises people’s prized possessions or 
their very identities (Hobfoll 1988; Zamani et al. 2006); in the case of farmers, they 
could lose their resources and livelihoods owing to climate change events. They are 
therefore faced with the critical decision of whether to attempt to conserve their 
resources or to do nothing about the situation. In order for farmers to succeed at 
conserving their resources for sustainable production, they need to continuously 
evolve ways to adapt to changing climate conditions, which they can do only by 
further investing more resources. Individuals may attempt to reduce their resource 
losses when faced with potential or actual loss of resources, but even that is done at 
a cost (Hobfoll 1988). This option proves challenging to smallholder farmers, since 
most are already resource poor. Smallholder farmers tend to find the requirements 
of climate readiness beyond their abilities to meet; the necessary technologies that 
would enable them to adapt to changing climate conditions are extremely expensive. 
This poses an obvious obstacle for those who recognise the threats and are eager to 
invest in climate change adaptation strategies, but are unable to do so (Lin 2011). 

The Rational Choice Theory (RCT) 

RCT theory suggests that all actions are essentially rational in nature and that people 
estimate the possible costs and benefits of any action before making a decision on 
what course of action to take (Browning et al. 1999). The theory supposes that 
individuals make their own choices and that these choices are dependent on two 
factors: 

i. their preferences; and 
ii. the constraints that they face under given conditions. 

Applying this theory’s suppositions to farmers’ responses to climate change, we 
find that farmers select their adaptation strategies based on their personal preference 
and the surrounding constraints. Any action taken by an individual is not based 
exclusively on his ‘intentions’ but also on constraints, which are influenced by at 
least two independent factors (Friedman and Hechter 1988): 

i. Shortage of resources: Access to resources varies greatly amongst individuals; 
achieving certain goals is naturally easier for individuals with good access to 
resources but challenging or totally elusive for those with limited or no access 
to resources. 

ii. Social institutions: Individuals live under laws, rules, ordinances, norms, values, 
etc., imposed by various societal institutions. These can systematically affect 
their choice of actions, either increasing or reducing the net benefit of any 
anticipated course of action.
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Smallholder farmers are consistently faced with the challenge of selecting adaptation 
practices based not only on their preferences but also on other factors, some of which 
can be negating. This explains some of the determinants and barriers to adopting 
adaptation strategies. These determinants include age, education, gender, marital 
status, wealth, changes in agricultural policies, labour conditions, cost of inputs and 
market prices, availability of extension services, access to credit facilities and access 
to information, amongst other factors, as observed by numerous studies (Fujisawa 
et al. 2015; Uddin et al. 2014; Balew et al. 2014; Terdoo and Adekola 2014; Komba 
and Muchapondwa 2012; Berman et al.  2013; Juana et al. 2013; Sacramento et al. 
2012). When farmers make adaptation choices, rational choice theory holds that 
they anticipate the consequences of taking various courses of action and determine 
the best action to opt for, based on their preferences and their constraints; as rational 
beings, they choose a course of action that is most likely to satisfy them and fit within 
their constraints (Heath 1976; Browning et al. 1999). For instance, the assumption 
is that farming households will choose a particular adaptation strategy only if the 
expected benefit is greater than that which might be expected from all other options 
(Balew et al. 2014). The goal is always to maximise the expected benefit at the end 
of the production period. 

Knowledge Gap Theory 

Lack of access to agricultural information impedes productivity (Yaseen et al. 2016). 
There has been ‘concern for segments of the population facing disparities associ-
ated with differential patterns of information dissemination and underlying social 
inequities that influence how information is used’ (Eastin et al. 2015, p. 416). This 
statement exemplifies the knowledge gap theory. It posits that. 

as the infusion of mass media information into a social system increases, segments of the 
population with higher socioeconomic status tend to acquire this information at a faster rate 
than the lower status segments, so that the gap in knowledge between these segments tends 
to increase rather than decrease. (Tichenor et al. 1970, pp. 159–160) 

The theory stresses the inequality in information sharing amongst a given population, 
largely owing to differences in their socioeconomic status. Underlying factors influ-
encing the knowledge gap include education, number of social contacts, time, and 
the type of media used in information dissemination (Tichenor et al. 1970; Eveland 
and Scheufele 2000; Eastin et al. 2015). Access to information on climate change, 
especially amongst smallholder producers, is critical to determining their level of 
awareness of current climate events and enabling them to adopt suitable adaptive 
measures. Many of these small producers do not have sufficient access to such infor-
mation, or informationon adaptation choices and appropriate adoption (Girvetz et al. 
2009; Onyeneke and Madukwe 2010; Acquah and Onumah 2011; Gandure et al. 
2013; Abid et al.  2015; Popoola et al. 2020a, 2020b). Information and communica-
tion technologies (ICT) such as television, radio and cellular phones, among other 
new ICT media, are relevant information tools that could serve the purpose of massive
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dissemination of climate change information to a wide target population (Popoola 
et al. 2020a, b). This could conceivably bridge existing knowledge gaps in small-
holder producing communities, where adaptation information is largely needed for 
sustainable production of crops and livestock. 

Theory of Perceived Attributes 

This theory posits that people adopt technologies if they are perceived to have the 
following characteristics (Botha and Atkins 2005): 

i. has distinct benefits in relation to existing technologies; 
ii. is well suited to communal ethics and practices; 
iii. is not too complex in application; 
iv. has trial-ability—meaning the technology can be put to test for a period of time 

without actual adoption; and 
v. offers observable results. 

This theory is applicable with respect to smallholder farmers adopting modern 
technology-driven adaptation to climate change. It explains why some farmers are 
apprehensive about adopting certain technologies, even where there is awareness 
that benefits of its use supersede indigenous coping strategies. Technologies will be 
accepted based on their performance, and rejected if they fail to make an impres-
sion; there is, however, no guarantee that the innovation, once adopted, will be used 
continually, as there is a possibility of rejection after adoption (Botha and Atkins 
2005). This suggests that whatever new concept, technology or practice is developed 
to combat climate change must have all five listed attributes for farmers to use it over 
the long term. 

Climate Change Responses through the Lens of Studies 

There are various existing and emerging constraints to adaptation (Dapilah and 
Nielsen 2020). These barriers can prove challenging, especially to smallholder 
farmers (Masud et al. 2017). Many factors—socioeconomic, environmental and 
institutional—significantly influence the adaptation choices of farmers, particularly 
in relation to the accessibility, availability and affordability of specific adaptation 
measures (Komba and Muchapondwa 2012). These factors modulate the capacity of 
farmers to adapt to climate change (Fujisawa et al. 2015). Highlighting these factors 
is therefore critical to understanding farmers’ vulnerability to climate change (Singh 
2020). Table 25.1 lists these factors and the authors who raise them.

Accessibility to information on climate change is important to adaptation (Pandve 
et al. 2011; Semenza et al. 2011), helping farmers to make informed, operative 
and comparative decisions. This in turn enables them to adopt effective adapta-
tion measures (Balew et al. 2014; Ndamani and Watanabe 2015; Belay et al. 2017).
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Table 25.1 Determinants of/barriers to climate change adaptation 

Factors Sources 

Age Terdoo and Adekola (2014), Masud et al. 
(2017), Popoola et al. (2020a) 

Education Sacramento et al. (2012), Terdoo and Adekola 
(2014), Belay et al. (2017), Masud et al. 
(2017), Fagariba et al. (2018), Singh (2020), 
Popoola et al. (2020a) 

Income Kim et al. (2017), Alemayehu and Bewket 
(2017), Masud et al. (2017), Belay et al. 
(2017); Pandey et al. (2018), Dapilah and 
Nielsen (2020), Wang et al. (2020), Marie et al. 
(2020), Singh (2020), Talanow et al. (2021), 
Fahad and Wang (2018) 

Farm labour/experience Terdoo and Adekola (2014), Masud et al. 
(2017), Fagariba et al. (2018), Singh (2020), 
Fahad and Wang (2018), Belay et al. (2017) 

Farm size/property rights/land tenure Juana et al. (2013), Belay et al. (2017), Masud 
et al. (2017), Singh (2020), Popoola et al. 
(2020a), Khanal et al. (2018), Trinh et al 
(2018), Fahad and Wang (2018) 

Access to agricultural markets (input/output) Terdoo and Adekola (2014), Sacramento et al. 
(2012), Balew et al. (2014), Masud et al. 
(2017), Popoola et al. (2020a) 

Access to credit facilities Masud et al. (2017), Kim et al. (2017), 
Fagariba et al. (2018), Khanal et al. (2018), 
Fahad and Wang (2018), Popoola et al. 
(2020a), Singh (2020) 

Availability/cost of farm inputs Terdoo and Adekola (2014), Masud et al. 
(2017), Belay et al. (2017), Kim et al. (2017) 

Institutional constraints (access to government 
support services and non-government support 
groups) 

Masud et al. (2017), Kim et al. (2017), Belay 
et al. (2017), Fagariba et al. (2018), Khanal 
et al. (2018), Fahad and Wang (2018), Wang 
et al. (2020), Marie et al. (2020), Singh (2020), 
Popoola et al. (2020a), Talanow et al (2021) 

Access to climate change information Sacramento et al. (2012), Girvetz et al. (2009), 
Onyeneke and Madukwe (2010), Acquah and 
Onumah (2011), Gandure et al. (2013), Abid 
et al. (2015), Masud et al. (2017), Belay et al. 
(2017), Alemayehu and Bewket (2017), Kim 
et al. (2017), Pandey et al. (2018), Fagariba 
et al. (2018), Mutunga et al. (2018), Khanal 
et al. (2018), Fahad and Wang (2018), Wang 
et al. (2020), Singh (2020), Popoola et al. 
(2020a), Talanow et al. (2021)

(continued)
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Table 25.1 (continued)

Factors Sources

Climate change awareness/knowledge Alemayehu and Bewket (2017), Kim et al. 
(2017), Trinh et al. (2018), Pandey et al. 
(2018), Wang et al. (2020), Singh (2020) 

Access to contemporary adaptation 
technologies/potentials for use of technology 

Masud et al. (2017), Alemayehu and Bewket 
(2017), Belay et al. (2017), Wang et al. (2020), 
Singh (2020), Popoola et al. (2020a) 

Biophysical factors (farm topography, soil 
composition/fertility) 

Juana et al. (2013), Terdoo and Adekola 
(2014), Masud et al. (2017), Singh (2020), 
Talanow et al (2021) 

Availability of adaptation options/cost of 
implementing specific adaptation measures 

Juana et al. (2013), Singh (2020) 

Degree of climate change impact on 
productivity 

Khanal et al. (2018), Trinh et al (2018), 
Fagariba et al. (2018) 

Source Authors, 2021

Farmers with better access to information on climate change are more likelyto imple-
ment a diversity of adaptation measures (Belay et al. 2017; Khanal et al. 2018; Singh 
2020). This may be attributed to their increased awareness, knowledge and perception 
of changing climate patterns and the varieties of existing response measures (Fagariba 
et al. 2018; Marie et al. 2020). The reasoning is that access to information is a critical 
determining factor for intensifying the awareness and knowledge of farmers, which 
potentially enhances their climate change adaptive capacities (Nkeme and Ndaeyo 
2013; Kassie et al. 2013; Ajayi 2014; Balew et al. 2014; Shongwe et al. 2014). 
As Popoola et al. (2020b, p. 5) state, ‘informed knowledge on climate change and 
resilient strategies is critical to sustaining small-scale agricultural farming systems.’ 

However, factors in addition to the availability of information also play an impor-
tant role. Access to government support services is considered critical for strength-
ening the adaptive capacities of farmers, who are highly vulnerable to climate 
change impacts in the absence or near absence of government support (Fagariba 
et al. 2018). The extension arm of any national government is an important public 
support system for agricultural producers, particularly those in core rural communi-
ties (Adekunle 2013). Since adaptation is especially critical for grassroots commu-
nities (Montmasson-Clair and Zwane 2016), extension service support is key; it 
sensitises and educates through training programmes at the grassroots level in order 
to assist farmers to understand climate change events and how to adapt to them 
(Popoola et al. 2020b). Many studies have buttressed the positive effects of acces-
sibility to extension and advisory services on farmers’ use of diverse adaptation 
measures (Juana et al. 2013; Belay et al. 2017). As such, farmers who have the most 
interaction with extension field officers have higher awareness, knowledge and skill 
when it comes to adopting adaptation measures (Juana et al. 2013). 

There are many support measures that national governments can implement to 
lessen the adverse effects of climate change on producers. Some of these support
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structures are still lacking in many communities. Wang et al.’s (2020) study, for 
instance, provides empirical evidence suggesting that farmers do not receive adequate 
government incentives, and lack support with respect to receiving information on 
climate change events, adaptation choices, subsidies, and technological and infras-
tructural aids. Popoola et al.’s (2020b) research also shows that there is a lack of 
government support services in relation to training on conservation, irrigation and 
water techniques. Farmers trained in climate change programmes have a higher like-
lihood of adopting various adaptation techniques (Trinh et al. 2018), while climate 
change policy regulations and incentives similarly play a very important role in 
farmers’ adaptation decision-making (Wang et al. 2020). National governments 
therefore ought to provide resource and infrastructural support, promote intervention 
schemes, and run training events on the use of climate-smart technologies (Popoola 
et al. 2020a). 

Adapting to climate change also requires access to resources, particularly capital 
resources. The extremely low adaptive response capacity of most smallholder farmers 
could be a consequence of their poor economic status. Farmers are less likely to make 
adaptation decisions when they have insufficient resources to do so (Balew et al. 
2014; Marie et al. 2020; Singh 2020). For farmers who manage to take adaptation 
actions, lack of financial resources remains their major issue post adoption (Dapilah 
and Nielsen 2020). Smallholder farmers with low annual farm incomes are severely 
constrained when it comes to investing in capital-intensive adaptation technologies 
(Lin 2011), even assuming that there is awareness of such technologies. According to 
the conservation of resources theory, every individual has an innate desire to preserve 
their resources from any form of threat (Hobfoll 1988, 2001); thus it seems likely 
that where knowledge of climate change adaptation options exists, it is only financial 
incapacity that prevents smallholder farmers from adopting such. The rational choice 
theory then applies, as farmers are left with no other option than to adopt adaptation 
methods based not only on their preference but on their surrounding constraints. 
This is relatively dependent on the availability or scarcity of resources (Friedman 
and Hechter 1988). Perceived adaptation costs (capital, time and effort expended 
in the course of implementing the adaptation response or measure) are a critical 
cognitive consideration according to protection motivation theory, and also play a 
key role in determining whether an individual forms an adaptation intention or not 
(Le Dang et al. 2014). 

All of these theories involve the issue of constraints, usually financial; the avail-
ability of resources for smallholder farmers is therefore a critical matter requiring 
prompt attention to enable farmers efficiently adapt to climate change threats. 

Farmers require adequate capital in order to afford the expenses associated with 
certain adaptation measures, making access to affordable credit facilities an essential 
component of the climate change readiness of smallholder farmers. Access to credit 
has been hypothesised as a major factor influencing the adoption or lack of it when 
it comes to adaptation measures (Balew et al. 2014; Singh 2020). 

Education, too, is of great importance, as knowledge allows farmers to easily 
understand available information on climate change as well as the various measures 
available for adaptation (Balew et al. 2014; Wang et al. 2020). The more educated



25 Climate Change Adaptation: An Overview of Contextual Factors … 537

farmers are, the greater the chances that they will adopt various adaptation measures 
in their efforts to respond to climate change threats (Trinh et al. 2018; Khanal et al. 
2018; Singh 2020). In addition, farmers with advanced literacy levels tend to adopt 
strategies that are more complex (Fagariba et al. 2018). 

Property rights is another critical factor that constrains adaptation. Farmers who 
do not have sole rights to their farmland may fear losing the land and therefore 
refrain from investing in the management of such land (Fagariba et al. 2018). Farm 
size also tends to affect adaptation. The larger the farm, the greater the chances of 
farm owners taking adaptation actions such as integrating and diversifying crop and 
livestock production (Belay et al. 2017). 

Size and intensity of the labour force is another factor vital to the adoption of 
strategies. Farming households that have access to more labour are perceived to have 
greater capacity to adopt adaptation measures than households with limited access to 
labour (Balew et al. 2014; Singh 2020). In this regard, family size is a vital variable. 
Larger farming households have a higher probability of taking adaptation decisions 
that are more effective (Fagariba et al. 2018) or have better chances of engaging in 
non-farming activities to generate other income sources (Balew et al. 2014). 

Market access also affects farm-level adaptation. The more access farmers have to 
various markets, the better their chances of adaptation. Access to input markets, for 
instance, affords farmers the opportunity to purchase appropriate agricultural inputs 
that could help boost their resistance to climate change impacts (Balew et al. 2014; 
Belay et al. 2017), although the high cost of inputs may well impede farmers’ efforts 
to adapt (Fagariba et al. 2018). Farmers who also have access to output markets are 
able to increase their farm earnings and gain the financial capability to implement 
adaptation measures (Balew et al. 2014). 

Biophysical factors such assoil composition/fertility, farmland topography, and 
farmers’ perception of precipitation and temperature unpredictability are critical 
determinants of farmers’ adaptation decisions (Alemayehu and Bewket 2017; 
Fagariba et al. 2018; Singh 2020; Talanow et al. 2021). The degree of climate change 
impact on farming households’ productivity also influences their preparedness and 
their adaptation decisions. Households facing increasing damage to their produc-
tion are more likely to respond by adopting adaptation strategies to mitigate the 
impacts (Khanal et al. 2018; Trinh et al. 2018). For example, farmers who perceive 
the effect of increased temperature on their soil moisture content tend to swiftly 
employ adaptation measures to improve soil moisture levels (Fagariba et al. 2018). 

Conclusion and Recommendations 

The consensus across studies appears to be that its complexity notwithstanding, 
climate change comes with grave consequences in the form of extreme weather 
events and resultant impacts, affecting major global economic sectors, including and 
especially agriculture. Studies have projected a drastic decline in agricultural produc-
tion owing to climate variability. This threat to agriculture has massive implications
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for farmers, especially resource-poor smallholder producers who constitute one of 
the most vulnerable groups to climate change. The literature draws attention to the 
fact that smallholder farmers are already a constrained and vulnerable group, and are 
at greater economic risk from climate change than many other groups. As a result, 
they have become a significant population of interest. 

In general, the literature reviewed in this paper shows that even though small-
holder farmers are responding to climate change stresses to an extent, many factors 
hugely affect their adaptation capacities. Amongst these are age, farming experi-
ence, education, farm size, property rights, income, availability/cost of farm labour 
and inputs, access to agricultural markets, information, and credit facilities and insti-
tutional constraints, such as access to state and non-state support systems. Other 
climate change-related factors said to constrain adaptation include: knowledge and 
awareness levels of farmers about climate change, level of climate change impact 
on productivity, biophysical factors such as farmland terrains and soil composition, 
availability of and access to modern adaptation technologies, the potential to use 
such technologies, availability of adaptation options, and the cost of implementing 
such options. 

Theories are described as logical explanations for why something is as it is or 
acts as it does. This paper has examined the theories that appear to best explain why 
farmers act the way they do in relation to climate change adaptation. The theory 
of perceived attributes, for example, explains that the features of whatever tech-
nology being introduced to farmers influences the adoption rate of such technology. 
If a climate smart technology is not simple to use or does not offer a better result 
when implemented than indigenous methods do, the likelihood of its adoption will 
be minimal. The knowledge gap theory stresses the bridging of information gaps 
between different social classes; if smallholder producers had the same access to 
climate change information as their counterparts (commercial producers) do, it could 
help inform their decisions with respect to an effective response to climate change 
stresses. 

Adapting to climate change conditions requires access to resources, particu-
larly capital resources. Resource-poor smallholder farmers tend to have extremely 
low response capacity across the board, considering their low farm income levels. 
The rationale is that they are severely constrained in investing in capital-intensive 
adaptation technologies, even where there is high awareness of such technologies. 
According to the conservation of resources theory (COR), individuals have an inborn 
desire to preserve their resources from any form of threat. This raises concerns for 
smallholder farmers, as the strong desire to protect their production resources is 
constrained by their financial incapacities. Rational choice theory (RCT) is thus 
forced into play, with farmers having no alternative than to take up adaptation choices 
based not just on preference but on constraints, making them dependent on the avail-
ability or scarcity of resources. Perceived adaptation cost (capital, time and effort 
incurred in implementing the adaptation response or measure) is a critical cognitive 
process in protection motivation theory (PMT), and plays a key role in determining 
whether an individual takes up an adaptation intention or not.
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For all of these reasons, there is a need to roll out and implement, consistently, 
government policies to address a number of these constraints. There is a corre-
sponding need to increase funding and skills in local authorities in order to imple-
ment and teach a variety of appropriate and cost-effective climate change adaptation 
strategies. 

Limitation of Paper 

There are existing and new barriers or constraints to climate change adaptation that 
this review article may not have covered. In addition, the theories presented in this 
paper to explain the influence of certain factors on adaptation are not necessarily 
the only theories applicable to the subject matter. This is a review article and not 
a research paper; it does not present any original survey findings on the factors 
constraining adaptation. As such, its content is limited to the findings of existing 
scientific and grey literature. 
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Chapter 26 
Spatial Distribution Modeling 
of Odonata in the New Aquitaine Region 
(France): A Tool to Target Refuge Areas 
Under Climate Change 

Anouk Glad and Fanny Mallard 

Abstract Odonata (dragonflies and damselflies) are good indicators of climate 
change effects due to their fast response to climatic variables such as temperature, 
humidity and amount of rainfall. This study aims to investigate the effect of three 
scenario of climate change at a regional scale (New Aquitaine region, France) on 
59 odonata species distribution using species distribution modeling methods. Those 
results allow to identify species that will be the most impacted by climate change 
but also to evaluate changes in odonata diversity across the study area, through the 
calculation of diversity indices for each climate scenario. 24–33% of the species are 
predicted loss between 75 and 100% of suitable habitat by 2100 under two scenarios. 
Predicted distribution map can be use by managers, and stakeholders to target areas to 
be protect in priority. Different approaches can be pursued: protections of areas that 
are suitable or will be suitable in the future for rare species and/or target areas that 
will be suitable for high number of species leading to a higher diversity. By protecting 
wetland suitable for diverse odonata species, other wetland affiliated species such as 
amphibians, birds, and plants might benefits from those actions. 

Introduction 

Climate change affects species and their ecosystems at different rates and magni-
tudes. However, wetlands are known to be particularly sensitive to climate change 
due to potential temperature and hydrological variations (drought, rainfall period-
icity, and rainfall amount) that can affect directly the presence of such ecosystems 
(Erwin 2008). Numerous species are depending on such ecosystems to survive, such 
as birds, insects, amphibians, or reptiles. Among those species, Odonata (dragonflies
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and damselflies) are particularly sensitive to climate change effects due to their fast 
response to climatic variables such as temperature, humidity, and amount of rain-
fall (Hassall and Thompson 2008). Odonata are carnivorous insects which have an 
aquatic larval stage that can last 1–3 years, making populations highly dependent 
on water availability, quality, and temperature at a long-term scale. The vegetation 
associated with the ecosystem is also important as it allows females to lay their 
eggs and the emergence of adults. Thus, those species are making good indica-
tors of climate change effects as first impacts on species phenology have already 
been reported (Dingemanse and Kalkman 2008). Understanding and monitoring the 
effects of climate change on such species is essential to guide conservation decisions 
and management actions on wetlands (Mallard and Couderchet 2019). Two major 
interrogations can be highlighted concerning species conservation: 

● Where should the management actions take place? 
● What kind of action should be applied? 

The first step would be to spatially prioritize areas that need effective protection. 
To provide meaningful results for managers and decisions makers, a local scale is 
relevant. In France, the regional scale is a pertinent scale for the implementation of 
such actions (Mallard and Couderchet 2019). The New-Aquitaine region, located 
in the south-west of France, encompasses a large variety of ecosystems from the 
Atlantic coast, the Pyrenees mountains ranges, to the “Loire” margins, the Limousin 
plateau of the “Massif Central”, and the northernmost part of the Poitou–Charentes 
sector, with intensive agricultural areas. This variety of ecosystems makes the New-
Aquitaine region an area exposed to multiple effects of climate change. Furthermore, 
this region will be exposed to major climatic changes regarding other French regions 
(Le Treut 2020). One of the challenges thus will be to take into consideration this 
diversity in terms of ecosystems, macro-climate, and species presence to obtain 
reliable results for conservation planning. 

To take into account the different Odonata species’ ecological needs, species 
distribution models (SDMs) can be used. Such models, also known as habitat suit-
ability models, are widely use to provide insights into climate change impacts on 
future species distribution (Elith et al. 2010) and to guide management planning and 
decisions (Elith and Leathwick 2009; Franklin 2009). Species distribution models 
link species occurrence to a selected set of environmental predictors. The results can 
be used to predict the potential distribution of the target species in the study area 
by showing the environment suitability variations regarding the predictors used for 
modeling. The predictions can also be extrapolated to other areas where the presence 
of the species is unknown or to different climate evolution scenarios (Heikkinen 
et al. 2006; Iturbide et al. 2018). The choice of the statistical methods is essential 
as it is a source of uncertainties regarding results obtained from different algorithms 
(Hijmans and Graham 2006). To solve this issue, ensemble modeling methods have 
been developed, allowing the use of multiple algorithms to produce average predicted 
maps along with uncertainty measurements (Thuiller et al. 2009). Nevertheless, the 
use of SDMs under climate change is challenging (Heikkinen et al. 2006), and 
future climate model scenario uncertainties lead to variations in the predicted results.



26 Spatial Distribution Modeling of Odonata in the New Aquitaine Region… 547

Furthermore, the realized niche is mainly approximated by the model, sometimes 
leading to incomplete responses to environmental predictors and, consequently, to 
non-pertinent results, in particular when the full range of climatic predictors is not 
observed in the current climate (Thuiller et al. 2004). Despite those constraints and 
limitations, SDM predictions can be used by managers and stakeholders to target 
priority areas for protection. 

In the case of Odonata, such models have been tested. Using a large number 
of species, SDMs have been performed in both north America (Hassall 2012) and 
Europe (Keil et al. 2008). Both studies predicted only the actual distribution of 
the species and the overall Odonata assemblage diversity and richness by using 
water-energy and climate variables. However, those studies were conducted at a 
coarse scale (55 and 220 km2, respectively), impeding the use of the results at a 
local scale. In both studies, species diversity was explained by water-energy vari-
ables, highlighting that climate change can greatly influence species assemblage. 
This hypothesis was confirmed by Cerini et al. (2020), as this study showed that 
large changes are ongoing in countries such as Morocco or Sweden. If some species 
were benefiting from the changes (generalist species), specialist species were more 
likely subject to local population extinction. Odonata communities affiliated with a 
lentic habitat were more likely to suffer important changes than communities affil-
iated with a lotic habitat. Finally, numerous species were found to have migrated 
toward north over the last 50 years. One study investigated the potential future distri-
bution for some selected species over Europe (Jaeschke et al. 2013) and showed 
that some species were predicted to lose from −68% to −73% of their distribution 
range (Coenagrion ornatum, Coenagrion mercurial, Ophiogomphus Cecilia, Leuc-
orrhinia albifrons and Leucorrhina caudalis). In particular, Leucorrhinia albifrons 
and Leucorrhina caudalis are predicted to disappear from the New-Aquitaine region 
(France). 

These studies show the importance of climate for Odonata, although the potential 
future distribution of a large number of species at a local scale has not been investi-
gated so far. Thus, this study investigates the effects of three climate change scenarios 
at a regional scale (New Aquitaine region, France) on the potential distribution of 53 
Odonata species, using species distribution modeling methods. Based on the results, 
indices such as protected species index, heritage species index, or diversity index 
are calculated and used to provide a climatic sanctuary index, intending to transfer 
meaningful information to managers and decision makers. A similarity index was 
also calculated to identify areas with higher change rates.
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Material and Methods 

Study Area 

New Aquitaine is a French administrative region created by the territorial reform of 
2015 and containing 12 departments. It forms the largest region in France (84,000 
km2) and the 3rd most populated one, with 6 million inhabitants (source: Demo-
graphic National Institute INED January 1, 2021). It extends to the south-west 
of France from the Pyrenean Mountain landscapes to the “Loire” margins in the 
north; and from 723-km Atlantic coast in the west to the Limousin plateau of the 
“Massif Central” to the east. The northernmost part of the Poitou–Charentes sector 
extends over agricultural and wine-growing plateaus. In the southwest quarter, there 
is the “Landes de Gascogne”, with a forest mainly containing pines and covering an 
area of 1 million hectares. A dense and diverse network of wetlands and streams is 
present in the region (Fig. 26.1). Large wetland areas are found along the Gironde 
estuary, the Dordogne River, the Seudre River, and the Charente River. The Poitevin 
swamp (‘Marais Poitevin”), located in the north-west of the region, is the second 
largest wetland in France after the Camargue wetland, with a surface of 1,000 km2, 
overlapping two regions (New-Aquitaine and Loire’s lands (Pays de la Loire). The 
Deux-Sèvres department, located in the north of the region, hosts a dense network 
of permanent and intermittent streams, as well as the Limousin area, the Landes 
department, and the marge of the Pyrenees in the south.

Odonata Presence Dataset 

Data on the presence of species were obtained from the “Observatoire de la Faune 
Sauvage de Nouvelle-Aquitaine”, called FAUNA (2020). The dataset contains obser-
vations from observers affiliated to organizations (associations, universities, parks, 
reserves, departments), independent experts, and from people with non-specified 
affiliations. To avoid unreliable models, species with less than 20 observations were 
not included in this study. A first analysis of the results of future modeling was carried 
out to rule out the species whose results did not correspond to the known distribu-
tion of the species according to naturalist field knowledge of the region. Among the 
remaining species, 53 were selected. To limit the effects of sampling bias and spatial 
autocorrelation (Kramer-Schadt et al. 2013), the presence data were aggregated by 
a 1-km2 mesh.
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Fig. 26.1 Map of the landscaped sectors of the New Aquitaine region (South-West of France), 
Authors 2022

Climate Datasets 

We combined climatic data with land cover (vegetation) and topographic data, as the 
distribution of species is not only influenced by the climate. 

The climatic variables were Aladin (Limited area dynamic development adaption 
international) 52 CNRM (National center of meteorological research) 2014 climatic 
simulations, downloaded via the “Météo France” access to the French Regional 
climatic scenario for Impact and Adaptation of Society (DRIAS) website (Drias 
2020; Lémond et al. 2011), from which indices were calculated. The raw data was 
at a resolution of 8 km2, which was divided into a 1-km2 mesh. Daily predictions 
were summarized into averages calculated. The present reference was defined by the 
years from 1991 to 2020, and the future periods or horizons were defined as follows: 
Horizon 1 (H1) = 2021–2050, Horizon 2 (H2): 2051–2070, and Horizon 3 (H3): 
2071–2100. These horizons were determined according to the recommendations 
of the official service for meteorology and climatology in France, namely “Météo-
France”, which recommends a duration of around 30 years to smooth out the “noises” 
resulting from climate simulations (Ouzeau et al. 2014). The simulations in the period 
known as the present were derived for the years 2006–2020 from the predicted data 
of the Representative Concentration Pathway (RCP) 8.5 scenario, and the previous
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data from 1991 to 2005 were historical data. Three climatic scenarios were retained. 
The most optimistic one, RCP 2.6, corresponds to a stabilization of the CO2 rates 
before 2100, followed by a return to the current level. The intermediate RCP 4.5 
scenario, considered the most probable one, is a continuous increase to the level 
of 4.5W/m2, and the RCP 8.5 represents a continuous increase to 8.5W/m2 (IPCC 
2014). 

A first selection of the variables was based on knowledge of the biology and 
ecology of the species. Five variables were kept: average relative humidity in summer 
(MoyHR_ete), mean temperature in autumn/winter and in spring/summer(Jaeschke 
et al. 2013), number of rainy days in spring and summer (NjP_print_ete) (Jaeschke 
et al. 2013), and the sum of the degree-days above 30 °C of the year (TotDJ30_annee), 
indicating extreme temperatures that can lead to mortality (Leggott and Pritchard 
1986). These degree days were calculated from the mathematical formulas described 
by F. Mallard (2017, 2018a, 2019), linearly approximating the temperature evolution 
of the growth rate. 

In addition to the climatic variables, those describing land use were used 
(expressed as a percentage of cover on a pixel with a resolution of 1 km2): percentage 
of forest, percentage of cultivation, percentage of meadows, percentage of moors and 
lawns, total surface of ponds, number of ponds, and sum of linear streams in kilo-
meters (small, medium, and large). The land cover variables were calculated from 
the “CES Occupation des sols (OSO)” and produced from satellite images (2019) 
with a resolution of 25 m. The 23 nomenclatures were merged into 11 classes. Eleva-
tion was selected as a topographic variable (IGN data). Among those variables, 
some were correlated (Spearman’s correlation test (p = 0.05) but were nevertheless 
used in modeling as the correlation relationship may be different in future scenarios 
(Braunisch et al. 2013). 

Modeling Methods 

The analyses were carried out using the R software (version 3.6.3, R Core Team 
2020). The species distribution models were performed with the BIOMOD2 package, 
version 3.4.6 (Thuiller et al. 2009), facilitating the creation of ensemble models on 
the basis of different algorithms. For this study, the algorithms generalized linear 
models (GLM), RandomForest, and MaxEnt (Phillips et al. 2006) were selected, and 
for each algorithm, three repetitions were performed to evaluate the performance 
(80% of the data for the training of the model and 20% for the evaluation). The 
background points were generated randomly over the New-Aquitaine study area (n 
= 10,000). The threshold for the creation of the overall models was the 0.5 quantile 
of the True Skill Statistic (TSS) values, obtained from the 24 models (Allouche et al. 
2006). Furthermore, if all individual models had a TSS value less than 0.4; then, no 
overall model was created. Overall models represent the average of the predictions of 
the individual models weighted by the performance of each one. Presence/absence
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maps were created with the TSS threshold (rangesize function of the BIOMOD2 
package). These maps were used to calculate the number of meshes going from 
“present” to “absent” (loss) and from “absent” to “present” (gain). 

Indices 

To explain the evolution of diversity profiles, regional indices were created in collab-
oration with the managers of natural environments from the “CEN” New-Aquitaine 
territory, with the aim to make the easier to understand and to respond to the manager’s 
needs (Bailleux et al. 2017). These indices take into account the management issues 
based on protected species (species targeted by a national action planning) (IPi index) 
or heritage species (IAi index), including species targeted by a regional action plan-
ning (local actions taken to preserve protected, threatened (red list), rare species of 
naturalistic interest) (Bailleux et al. 2017; Mallard 2021b). The diversity index (IDi) 
represents the number of species in each mesh divided by the number of species 
studied to identify the areas at stake which have significant diversity and need to be 
preserved. Based on these indices, we calculated the climatic refuge index, which 
represents the mean of the three indices presented: protection index, heritage index, 
and diversity index. This index allows the identification of areas with conservation 
challenges containing protected and heritage species as well as a significant diversity. 
Finally, the similarity index was calculated, which is a comparison of the species’ 
presence between the present and the future climatic scenarios, allowing to antici-
pate the possibilities of change in the population assemblage (number of species in 
common in the mesh divided by the total number of species). These areas should 
be protected from the destruction and degradation of natural habitats. In addition, 
natural habitats could be restored in current or future favorable climatic zones to 
provide high-quality refuge areas for multiple species. The indices were calculated 
using the following formulas: 

IPi protection index in mesh i 
npi number of protected species in mesh i. 
NPi number of protected species in total = 8 

IPi = 
( 

npi  

N Pi  

) 
x100 (27.1) 

IAi heritage index in mesh i 
nai number of heritage species in mesh i 
NAi number of heritage species in total = 21 

IAi = 
( 

nai 

N Ai  

) 
x100 (27.2)
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IDi index of diversity in mesh i 
ndi number of species in mesh i. 
NDi number of species in total = 100 

IDi = 
( 

ndi 

N Di  

) 
x100 (27.3) 

ISi similarity index in mesh i 
nsi number of common species present in mesh i 
NSi number of species in total in the mesh 

ISi = 
( 

nsi 

N Si  

) 
x100 (27.4) 

ICi climatic sanctuary index 

ICi = 
(
I Pi  + I Ai  + I Di  

3 

) 
(27.5) 

Results 

Species Level 

The species distribution models showed contrasting results regarding the scenarios 
and the species. Scenario RCP 2.6 had the lowest impact on the potential future 
distribution of Odonata in the New-Aquitaine region, with the majority of the species 
predicted to have a habitat loss from 0 to 25% (14 species H3) and a habitat gain 
from 0 to 50% (7 species in horizon H3 2071–2100). However, the impact on species 
distribution was stronger for scenarios RCP 4.5 and 8.5. Regarding scenario RCP 
4.5, 24% of the species targeted in this study may lose between 75 and 100% of 
their habitat at horizon H3 (13 species). Concerning scenario RCP 8.5, 32% of the 
species are expected to lose between 75 and 100% of their habitat at horizon H3 
(17 species). On the contrary, other species may benefit from the climatic changes 
in New-Aquitaine: two species in RCP 4.5 and four species in RCP 8.5 may gain 
between 500 and 1000% of their actual suitable habitat range. An additional 11 and 
12 species, respectively, are predicted to gain between 100 and 500% of suitable 
habitat (Fig. 26.2).

As an example, three case species are presented below. Somatochlora metallica 
is predicted to be present mainly at the marge of the Central Massif plateau and 
occasionally in the “Landes triangle” and in the Poitou–Charentes area. This species 
is predicted to lose large parts of its habitat in scenarios RCP 4.5 and RCP 8.5. It may 
gain habitat at suitable climatic conditions at higher elevations, but over time, the
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Fig. 26.2 Number of species per category of loss and gain of potential suitable habitat (H1 = 
2021–2050, H2 = 2040–2070, H3 = 2071–2100)

proportion of suitable habitat in the New-Aquitaine region will decreased (Fig. 26.3). 
In the case of scenario RCP 8.5, in the long term, almost all remaining suitable areas 
may be lost for this species.

The species Oxygastra curtisii is predicted to be present along streams, according 
to our knowledge of the species’ habitat preference. Under scenario RCP 2.6, the 
species is predicted to be still present in the region, gaining suitable habitat in the 
north and at higher elevations and still remaining in the Pyrenees-Altantique area 
(south). However, large parts of the suitable areas located in the center of the region 
are predicted to be lost under this scenario. In scenario RCP 4.5, the species does not 
find suitable climatic conditions in the area where it is currently present. However, 
it will gain suitable habitats at higher elevations (Limousin, Pyrenees) and along the 
southern part of the Atlantic coast at horizons H1 and H2. At horizon H3, only areas 
at higher elevations will remain suitable for this species. Scenario RCP 8.5 will result 
in the progressive disappearance of the optimal climatic conditions for Oxygastra 
curtisii in the region, leading to a potential extinction of the species in the study area 
(Fig. 26.4).

For the species Platycnemis latipes, scenario RCP 2.6 will result in the expansion 
of suitable climatic conditions in the northern part of the region (Poitou–Charentes 
and Limousin) over time. This pattern would also be observed for scenarios RCP 4.5 
and 8.5, with a gain observed in the north and at higher elevations and a loss in the 
lower-elevation areas in the south. The predicted gains are lower for scenario RCP 
8.5 H3 than for the intermediate scenario RCP 4.5 (Fig. 26.5).
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Fig. 26.3 Potential habitat gains and losses for Somatochlora metallica

Multi-Species Level: The Use of Indices 

The protection index shows that in the New-Aquitaine region, those species are 
mainly affiliated with stream type (Fig. 26.6). Among the 53 species, only 2 are 
protected: Oxygastra curtisii and Gomphus gasilinii. Both species are known to be 
present in streams, and future scenarios show that they may be highly impacted by 
climate change. The number of protected species will decline over time for scenarios 
RCP 4.5 and RCP 8.5.

The heritage index shows that the species are mainly located in the “Landes 
triangle” on the Atlantic coast (Fig. 26.7). Of the 53 species targeted, 9 are catego-
rized as heritage species in New-Aquitaine (Aeshna juncea, Brachytron pratense, 
Erythromma najas, Gomphus graslinii, Lestes dryas, Lestes virens, Oxygastra 
curtisii, Somatochlora flavomaculata, Sympetrum danae). This area is known for 
its pond network, associated with pine forest plantations. Future climatic changes 
are predicted to impact the number of heritage species that will find suitable habitats
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Fig. 26.4 Potential habitat gains and losses for Oxygastra curtisii

in the New-Aquitaine region. For scenarios RCP 4.5 and RCP 8.5, the number of 
species is predicted to decrease. In addition, the most suitable habitats are shifting 
from inland areas to coastal areas over time.

The diversity calculated for each mesh over the New-Aquitaine region shows that 
climate change will affect both diversity level and distribution, in particular for the 
two scenarios RCP 4.5 and RCP 8.5 (Fig. 26.8). For the present period, a higher 
diversity is found in the Limousin area and in the “Landais triangle” area, mainly 
around streams. Over time, for both RCP 4.5 and RCP 8.5, the diversity will decrease 
in some areas in the region. In particular, the Limousin area will show a large decrease 
in diversity, whereas the coastal area is predicted to have a higher diversity compared 
to the current period. Overall, the diversity is predicted to reach an intermediate level 
due to the predicted expansion of several species such as Erythromma viridulum, 
Ischnura pumilio, and Sympetrum meridionale.

The climatic sanctuary index shows important variations between the present 
and the different scenarios and horizons (Fig. 26.9). In the current period, the areas 
identified as refuges are located in the Landais triangle in the Limousin area and
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Fig. 26.5 Potential habitat gains and losses for Platycnemis latipes

in the Pyrénées-Atlantiques area. Those locations host a high odonatan diversity, 
along with protected and heritage species. Regarding scenario RCP 2.6, few changes 
are observed, mainly in the Limousin area at horizon H3, with a decrease in the 
proportion of the mesh that can be identified as sanctuaries at lower elevations. In 
scenario RCP 4.5, areas that may become climatic refuges in the future are located 
along the Atlantic coast; the refuge area in the Limousin no longer provides suitable 
climatic conditions for the target species. Scenario RCP 8.5 is similar concerning the 
location of the area at stake. The RCP 8.5 horizon H2 is similar to the RCP 4.5 H3 
described earlier. However, regarding the scenario RCP 8.5 H3, the importance of 
the area located near the Atlantic coast is highlighted as a climatic refuge regarding 
the north of the region and the Limousin.

The similarity index compares the species’ potential presence from models for the 
current period to models for future climate scenarios (Fig. 26.10). The results show 
that the number of similar species will decrease over time for scenarios RCP 4.5 and
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Fig. 26.6 Protection index values calculated for Odonata in the New-Aquitaine region

RCP 8.5. Thus, high changes in the Odonata species assemblage are expected in the 
region due to the disappearance of certain species, including protected and heritage 
species.

Discussion 

We used species distribution models to target species and areas that will be threatened 
by climatic changes, with the aim to provide managers and decision makers with a tool 
to protect the biodiversity in the New-Aquitaine region (France). The use of Odonata 
species living in wetlands, such as ponds or streams, based on their sensitivity to 
climatic changes, allowed an insight of the impacts on the species’ potential presence 
in the study area. To our knowledge, such information on odonatan species in the 
regional New-Aquitaine area is lacking. The results of this study allow to identify 
species that will be the most impacted by climate change but also to evaluate changes 
in Odonata diversity across the study area via the calculation of indices for each 
climate scenario.
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Fig. 26.7 Heritage index calculated for Odonata in the New-Aquitaine region

In the first part, species distribution models allowed us to predict potential suit-
able habitat for species individually, facilitating the identification of species that 
may have important changes in their future distributions. Our results showed that a 
large number of species will experience a reduction in their suitable habitats. Some 
species may even not find a suitable habitat in the New-Aquitaine region anymore 
in the case of scenarios RCP 4.5 and 8.5 at the long-term horizon H3 (2071–2100), 
which is the case for Somatochlora metallica, Oxygastra curtisii, or  Aeshna grandis. 
These species, although they have different ecological needs, are still negatively 
impacted by climate change under the two most pessimistic scenarios. Oxygastra 
curtisii occurs in streams and is widely distributed in New-Aquitaine. It mainly 
occurs in the Mediterranean basin (Bailleux et al. 2017) but is nevertheless predicted 
to have no suitable habitat remaining in the RCP 8.5 H3. Somatochlora metallica 
and Aeshna grandis are found at higher elevations in the Central Massif (Limousin) 
and are predicted to be negatively impacted by climate change, with no suitable 
habitat remaining in the Limousin by 2071–2100 (RCP 8.5). Some other species will 
mostly benefit from the changes, with the range of suitable areas increasing over 
time by up to 1,000% of their current potential distribution range. Those species are
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Fig. 26.8 Specific diversity index values calculated for Odonata in the New-Aquitaine region

thermophile species, and some of them area affiliated with Mediterranean ecosys-
tems (Bailleux et al. 2017). The expansion of their range under climate change is 
thus expected and confirmed by the SDMs and the predictions of experts, particular 
for species such as Anax imperator, Ishnura elegans, and Anax parthenope, known 
either for their history of colonization or their preference for higher temperatures 
(Ott 2001). Platycnemis latipes is as species affiliated to the Mediterranean climate, 
and models for this species showed that an expansion towards the north and higher 
latitudes is expected. Yet, the intermediate scenario RCP 4.5 seems to be the most 
suitable one for this species. Nevertheless, these findings are limited. For example, 
by selecting only species that are already present in New-Aquitaine, our study does 
not take into account the arrival of new species both from the Mediterranean basin 
and from southern countries (Spain, North Africa) (Morghad et al. 2019). 

Calculated from the species’ individual predictions, the use of indices can help to 
estimate the amplitude of the impacts and to identify areas which may need further 
protection (Mallard 2020, 2021a). Among the various species impacted by climate 
change, protected and heritage species are largely negatively impacted. Indeed, the 
two protected species are likely to disappear by 2100, confirming their status in the 
New-Aquitaine region and the necessity to protect them in the area where populations
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Fig. 26.9 Climatic sanctuary index values calculated for Odonata in the New-Aquitaine region

area still present. Heritage species may find suitable climatic conditions along the 
Atlantic coast as this region will be colder and will experience a higher relative 
humidity compared to inland regions. Thus, maintaining suitable wetlands in those 
areas seems to be crucial to allow heritage species to find refuge under climate 
change. 

Nevertheless, those multiple impacts on species habitat suitability will lead to 
major changes in diversity in the study area. This is in agreement with a previous 
study Keil et al. (2008) highlighting that the New-Aquitaine region will be subject 
to a decrease of odonatan species richness if the temperature increases. However, 
in contrast, Termaat et al. (2019) reported a potential increase in the number of 
species under climate change in France. Yet, our study does not include species 
from southern areas. However, the use of species distribution models over a local 
study area might overestimate species local extinction as the whole distribution is not 
taken into account (Barbet-Massin et al. 2010). Nevertheless, our results are at a finer 
scale, allowing us to differentiate local climatic evolution. They also show that areas 
at higher elevations will negatively be impacted by diversity changes, making them 
high-priority areas for protection. If some species are not likely to still be present 
under scenario RCP 8.5, providing highly suitable habitat along with micro-climatic
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Fig. 26.10 Similarity index values calculated for Odonata in the New-Aquitaine region

refuges (vegetation) may allow some species to maintain their population in the 
area. The similarity index most significantly captures the potential changes for the 
New-Aquitaine region. Areas at higher elevations, such as the Central Massif and 
the Pyrenees, seem to be most impacted by species turnover, leading to a loss in the 
sanctuary status of those areas over time. Species affiliated with such colder areas are 
likely to move up north to find a suitable climate. Simultaneously, species associated 
with lower elevations and a higher temperature range may move to those higher-
elevation areas, largely changing the assemblages of the species present (Hassall and 
Thompson 2008). 

Another area is predicted to experience important changes, becoming a climatic 
refuge area for odonatan species under all scenarios tested. This area is located 
along the Atlantic coast and is highlighted by the climatic sanctuary index, which 
allows the identification of areas that may host the highest diversity of species, along 
with target species of interest (protected and heritage species). The conservation 
of wetlands along the coast is thus essential to allow a high diversity of species 
to maintain viable populations in the New-Aquitaine region. This index indicates 
the potential evolution of the odonatan assemblage and can therefore be used by 
managers and decision maker to spatially prioritize actions in the New-Aquitaine
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region. Different types of conservation actions can be pursued: In-situ conservation 
is based on the protection and maintenance of biodiversity in the natural environment, 
whereas non-interventionist protection can be achieved through the acquisition of 
land in natural areas by legal instruments and the awareness of various audiences 
(Mallard 2020). Interventionist protection is characterized by direct action on the 
natural environment, namely the restoration of a degraded state and management to 
maintain a reference state. The future presence of odonatan species is determined by 
the presence of suitable habitats, such as ponds and streams in the area, along with 
aquatic vegetation and the sustainable management of hydrological resources (water 
quality and availability), based on expert knowledge (Bailleux et al. 2017). The use 
of indices taking into account the national and local status of the different species 
allows a better communication between modelers and managers as the results are 
more in line with their needs. 

The predicted distributions map and index calculations allow various insights into 
the changes that may occur in the New-Aquitaine region. These results can be used in 
many different ways by managers and decision makers. The identification of species 
that may not be present in the future can lead to decisions on the protection levels of 
those species, increasing the chance for the populations to cope with climate change. 
In addition, along with experts, the close monitoring of the remaining populations 
may also help to provide more accurate information on the species’ presence and 
population dynamics. Furthermore, applying a special protection status to several 
new species and targeting areas of interest for Odonata can also be implemented. 
Two different views may be considered: First, the protection of areas that are, for 
the current period, either highly diverse or of importance for certain target species. 
Juridical protections of those areas may allow Odonata populations to be in better 
shape to cope with climate change (adaptation, migration) (Mallard 2020). A second 
option is to target areas that will become refuge areas in the future. Anticipating 
potential future species migrations will help to provide suitable habitast that will be 
used by species when the suitable climatic conditions are reached (Mallard 2020). 
The combination of the two likely greatly improves the conservation of the Odonata 
species in the New-Aquitaine region, allowing the species that can adapt to climate 
change to remain in a suitable habitat but providing, at the same time, suitable habitat 
as refuge for other species. Nevertheless, the migration capacity of each species is a 
key parameter that was not taken into account in the species distribution modeling. 
Jaeschke et al. (2013) showed that the addition of an estimate of the migration 
capacity for each species largely diminished the potential future distribution area. 
Migration capacity is not only affected by the physiology of the species but also by 
the presence of suitable habitats, allowing the species to migrate over time (Heller 
and Zavaleta 2009). For Odonata, the presence of a network of ponds and streams 
of high quality is essential; such a network should especially be reinforced towards 
the Atlantic coast and the higher-elevation areas. 

Despite the advantages of using species distribution models, some limitations 
must be highlighted. First, only some of the species occurring in the region were 
used; in particular, species with a very low occurrence were excluded due to poor 
performance (Wisz et al. 2008). Many species with low occurrences are protected
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species, thus leading to a bias in the estimation of the protection index. In addi-
tion, species that may arrive from other areas (south, Mediterranean basin) were not 
taken into account. Yet, estimation of the diversity must take into account all species 
occurring to prevent underestimation of the diversity in some areas. Furthermore, 
the exclusion of species can sometimes lead to differences in priority area targeting 
(Kujala et al. 2018). Finally, the uncertainties inherent to the modeling process must 
be kept in mind. The results presented here depend on the quality of the data used. 
Spatial sampling bias in species presence can lead to biased results toward well-
sampled areas (Kramer-Schadt et al. 2013). Although the climatic variables were at 
a fine scale (8 km2), they may still not represent the future micro-climatic conditions 
in ecosystems as particular as wetlands or streams (Austin and Van Niel 2011). In 
addition, if the evolution of the climate was taken into account, the evolution of the 
land use (agriculture, forest composition, urban expansion) was not available for our 
study. Such predictions are a complex mix of climate change effects, economics, and 
political choices over time. Taking into account such evolutions might be the next 
step to improve model prediction across the study area. 

Conclusions 

The use of Odonata, which are species affiliated to wetlands such as ponds or streams 
and which are sensitive to climate change, provided an insight into the future impacts 
on those habitats in the New-Aquitaine region (France). The use of species distribu-
tion models can lead to the identification of species with future conservation issues, 
but it also facilitates the evaluation of changes in Odonata diversity across the study 
area through the calculation of diversity indices for each climate scenario. The results 
showed that 24–33% of the species are predicted to lose between 75 and 100% of suit-
able habitat by 2100 under two scenarios. Other species might benefit from climate 
change, and an extension of suitable habitat availability was predicted. The use of 
indices showed that the areas located along the Atlantic coast and at higher eleva-
tions (Central Massif) are key areas for current and future protection and management 
measures. Thus, the protection of Odonata habitats might be concentrated along the 
coast, as coastal regions might be the last refuges for numerous species, including 
protected and heritage species. Those indices, based on both national and local species 
protection criteria, ensure the comprehension of the results by mangers and local 
experts. By protecting wetlands suitable for a diverse Odonata assemblage, other 
wetland-affiliated organisms, such as amphibians, birds, and plants, might benefit 
from those actions. Nevertheless, numerous limitations, such as sampling bias, the 
climatic variable coarse scale, or the use of only species with a sufficient number of 
observations, may have influenced our results. In the future, the use of finer-scale 
variables and the inclusion of southern odonatan species might result in a better 
understanding of the future assemblages.
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Recommendations 

● Species threatened by climate change should benefit from active protection as 
soon as possible to help the remaining populations to cope with future changes. 

● Areas with a high Odonata diversity should be protected, and management actions 
should be taken to preserve remaining wetlands in those areas. 

● Areas identified as refuges under the different climate change scenarios should 
be protected, and management actions should be taken to preserve remaining 
wetlands in those areas. 

● To allow the species to migrate towards climatically suitable habitats, the 
conservation of a fine network of ponds and streams is essential. 
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Chapter 27 
Climate Change, Soil Saturation, 
and Risk of Yield Penalties to Key Cereal 
Crops: A Neglected Issue in Agri-Food 
System Adaptation 

David Oscar Yawson and Michael Osei Adu 

Abstract Soil water or moisture balance drives essential rhizospheric and physio-
logical processes that culminate in yield formation in crop plants. Climate change 
threatens to alter temperature and precipitation patterns and thereby the hydrological 
processes underpinning soil moisture balance and related stresses such as saturation 
or deficit. While considerable volume of literature exists on soil moisture deficits 
under the climate change, the same cannot be said of soil saturation (the transitory 
water content of the soil when nearly all its pore spaces are filled with water and the 
water potential is close to zero). Few crop plants can survive soil saturation exceeding 
few days. This chapter demonstrates the potential effects of soil saturation on crop 
yield penalties under projected climate change. Cereals are the main dietary energy 
source in human diets and animal feed formulations. Hence, future yield penalties 
in cereals can be detrimental to global food security. Cereals can be highly sensitive 
to abiotic stresses such as heat stress and soil water deficit or saturation at specific 
growth stages. The FAO AquaCrop model was used to simulate biomass production 
and yield of the barley genotype Westminster for all UK administrative regions in 
the 2050s. The simulation was done for spring conditions, under the low and high 
climate change emission scenarios (LES and HES), respectively. Yield penalty was 
expressed as the mean percentage of all yearly yield reductions in the 30-year time 
slice relative to the 10th percentile yield for the entire time slice. The results showed 
that yield penalties were more extensive under the HES than the LES. The ranges 
of yield penalties were 5–76% (HES) and 5–41% (LES) under varied durations and 
severities of soil saturation. It is concluded that, due to climate change, soil saturation 
can potentially cause substantial yield penalties, especially in highly sensitive crops 
and is, therefore, worthy of research, policy and practical attention. Although soil 
saturation stresses could be less frequent compared to those of heat and soil moisture
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deficits, yield penalties under the former could, in some cases, be larger than the latter 
and could occur as a surprise. It is recommended that further studies on potential 
effects of soil saturation on crop yield penalties be integrated in the suite of research 
and measures for adaptation of key crops such as cereals, which are the main source 
of energy in human diets and animal feed. 

Introduction 

Soil is a three-phase system comprising solid, liquid, and gaseous phases. The solid 
phase includes minerals and or organic matter, which serves as the solid matrix or 
backbone of the soil and provides physical anchorage and nutrients to crops. The 
spaces between the solid particles are referred to as soil pores. The pores can be large 
(macropores) or small (micropores). The liquid phase is the soil solution (water with 
dissolved organic and inorganic substances). The gaseous phase is a mixture of gases 
that can be referred to as soil air. Typically, the solid fraction accounts for about 50% 
of well-drained soils that support upland crop production. In comparison, the liquid 
phase (which usually resides in the micropores) and the soil air (which generally 
resides in the macropores) account for 25% each of a given soil volume. 

Soil moisture (used interchangeably with soil water in this chapter) refers to the 
water content of the unsaturated (vadose) zone of the soil profile (Lal and Shukla 
2004). A soil is said to be saturated when all its pores are filled with water, and the 
force of gravity dominates the movement of water down the profile. If the macropores 
are substantially drained, and only the micropores contain water, the soil is said to 
be unsaturated, a condition preferred by most plants. Soil saturation, then, is the 
transitory water content when nearly all the soil pore spaces are filled with water, 
and the water potential is close to zero. In rain-fed agroecosystems, soil saturation 
occurs typically after heavy rainfall. Normally, due to drainage, soil saturation does 
not last for long, but few plants can withstand saturated conditions for a period 
exceeding a few days. Soil saturation is influenced by the hydraulic properties of the 
soil, precipitation, groundwater table, and capillary rise. 

Soil moisture content plays crucial physiological roles in the growth of crop 
plants. The spatial and temporal dynamics of soil moisture content determine water 
availability to plant roots throughout the growing season. Water is indispensable in 
photosynthesis, uptake and use of nutrients from the soil, maintenance of cellular 
hydration and turgidity, and translocation of assimilates (Pinheiro and Chaves 2011; 
Barnabàs et al. 2008). Carbon dioxide and water are the two main ingredients required 
for photosynthesis and biomass production. Primarily, plant stomatal behaviour is 
affected by plant water status. Optimal plant water status is critical for improved 
photosynthesis, presumably because stomatal resistance to CO2 absorption is lowered 
(Lambers et al. 2008). Together with light and nutrients, soil moisture availability 
regulates yield formation in crops (Rajala et al. 2011). For cereals, soil moisture 
availability is crucially important as it dominates the regulation of yield formation 
(Barnabàs et al. 2008; Rajala et al. 2011). Indeed, the indispensability of soil moisture
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availability for several critical physiological functions that regulate biomass produc-
tion and yield formation has been recognized by researchers. As a result, substantial 
effort has been devoted to studying the effects of soil moisture deficits on crop plants 
under both present and climate change conditions (e.g., Bhattacharya et al. 2021; 
Gebre and Earl 2021; Han et al. 2018). In addition, because soil moisture deficit 
is a common occurrence in almost all agroecosystems, breeding has considerably 
focused on enhancing crop tolerance of soil moisture deficits. 

However, soil saturation, though infrequent in agro-ecosystems, can unleash 
considerable yield reductions or penalties in crop plants. In saturated soils, nutrient 
and oxygen availability and uptake are the most significant limiting factors for crop 
yield formation (Lynch et al. 2012). Soil redox potential decreases with increasing 
saturation and negative redox potential can affect nutrient solubility and availability 
(Neumann and Römheld 2012). For example, in saturated soils with low pH, ample 
supply of root-borne carbohydrates can trigger excessive microbial activity, resulting 
in decreased redox potential in the rhizosphere. This condition is favourable to 
increased Manganese solubility and toxicity in plants. Anoxic conditions in satu-
rated soils limit root respiration, can increase nitrogen losses via denitrification, and 
can cause mortality of plants (Neumann and Römheld 2012). Root development, 
growth, establishment, and nodule function are all inhibited under saturated condi-
tions (Lynch et al. 2012). These effects can, in turn, make crop plants more susceptible 
to drought stress following saturated conditions, root infections, and lodging. Intense, 
heavy precipitation events can lead to fluctuations in groundwater table and render 
pore pressure highly dynamic. Sudden variations in pore pressures, due to saturation, 
might cause suction loss and disturb aggregate stability (Clarke et al. 2006; Lee and 
Jones 2004). Regardless of the potential adverse impacts of soil saturation on crop 
yields, it has received relatively little research attention, especially in climate change 
studies, compared to soil moisture deficits. The potential effects of climate change 
on soil saturation and, consequently, crop yields are not far-fetched. 

Globally, cereals are the largest dietary energy source in human diets and animal 
feed (Yawson et al. 2016). Cereals are the most widely grown crops and the most 
traded food commodity. While cereal crops might have some tolerance to soil mois-
ture deficit conditions (González and Ayerbe 2011), they might not be able to tolerate 
soil saturation to the same extent. Cereals might poorly compensate for losses 
in biomass production due to soil saturation at an early growth stage. Barley, for 
example, can tolerate and recover from short term soil water deficit but is sensitive 
to soil saturation over comparable periods. Barley crop is the fourth most important 
cereal crop in terms of area cultivated and quantity harvested (Newton et al. 2011). 
It is the most prominent coarse grain used in animal feed (Newton et al. 2011) and 
directly consumed as food. Barley production underpins the global malting industry. 
This chapter aims to promote the study of the effect of soil saturation on yields of 
key crops, such as cereals, under climate change to inform adaptation. The specific 
objective is to highlight the sensitivity of spring barley crop yields to soil saturation 
under projected climate change using the UK as an example.
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Climate Change, Soil Saturation, and Crop Production 

Recent reports from the Intergovernmental Panel on Climate Change (IPCC) indicate 
that climate change is unambiguous and that the effects of anthropogenic warming 
of the climate system are already evident (IPCC 2018, 2021). Without significant 
mitigation measures, global mean temperature could increase by 4 °C at the turn 
of the next century, with more frequent, intense, and severe hydrometeorological 
events such as heavy precipitation, tropical cyclones or hurricanes, and droughts 
(IPCC 2021). These reports highlight the enormity of the challenges associated with 
climate change management due to the cross-cutting or cascading effects of both 
direct and indirect impacts on biophysical processes underlying ecosystems. For 
example, recent observed warming could continue to the next decade due to prior 
commitment of greenhouse gases to the atmosphere. Aggressive mitigation measures 
are critical to meaningfully limit the catastrophic consequences of climate change 
(IPCC 2021). Currently, hydrometeorological hazards, mainly droughts and floods, 
account for over 80% of all damages and losses associated with disasters in the 
agricultural sector (FAO 2018). It is certain that climate change will alter tempera-
ture and precipitation patterns and, therefore, hydrological processes that underpin 
soil moisture balance (IPCC 2018; Daba et al. 2018). This implies climate change 
threatens to alter the fundamental properties of abiotic stresses to crop plants, change 
the geographic coverage and range of sensitive or vulnerable crops to abiotic stresses, 
and amplify the combined effects of multiple stresses in agroecosystems. Because 
projections of changes in precipitation show greater uncertainty (IPCC 2018; Daba 
et al. 2018; Murphy et al. 2009), the direct and indirect effects of future changes in 
precipitation patterns on crop production are equally imperilled with uncertainties. 
Although climate change is a global phenomenon, its impacts would be geographi-
cally varied. As a result, the complexity of climate change and its adverse impacts on 
soil moisture balance and crop production make adaptive responses and management 
complicated and challenging. 

Variations in precipitation characteristics largely account for soil moisture balance 
(Wang et al. 2019). A critical potential risk of heavy precipitation events, under 
climate change, is soil saturation which creates anoxic conditions that hamper phys-
iological processes underpinning biomass production and yield formation in crop 
plants (Neumann and Römheld 2012; Lynch et al. 2012). Here, soil saturation in 
agro-ecosystems can potentially persist over durations that are known to be tolerable 
to most crops. Soil saturation, due to climate change, can therefore cause significant 
yield penalties in crops depending on the temporal distribution of these climatolog-
ical events in relation to crop phenology, duration of saturated conditions, sensitivity 
of crops, and effectiveness of management responses. Already, the challenge of 
adaptive management of climate change due to heavy precipitation events has been 
noted (Daba et al. 2018) but less so in relation to soil saturation. Due to the projected 
trajectories of climate change, it is possible that heavy precipitation events can follow 
severe drought events, and thereby subject the soil to rapid infiltration and variations
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in pore pressure due to cracks formed during the drought (Vardon 2015; Robinson 
and Vahedifard 2016). The sensitivity of crop plants and the effectiveness of their 
adaptive responses will be a key determinant of the scale of yield penalties to be 
incurred. These suggest a need to devote some research efforts to the potential effect 
of soil saturation on crop yields under climate change. 

Materials and Methods 

This study used the FAO AquaCrop simulation model to simulate barley yields under 
projected climate change for the 2050s. The AquaCrop model was explicitly devel-
oped for simulating crop responses to temporal variations in soil moisture content. 
The AquaCrop algorithms or components and their structural relationships in the 
modelling framework are provided in Raes et al. (2009). AquaCrop comprises soil, 
crop, climate, and management sub-models. The soil sub-model permits up to five 
user-defined soil layers with different textures and depths. This dispersed system 
approach allows the model to closely mimic the layered depletion of soil moisture to 
root development and soil moisture availability. The critical input in this sub-model 
is soil type and hydraulic properties. 

AquaCrop uses a daily soil water balance simulation to estimate the available 
water in the root zone. The engine of the crop-growth sub-model is based on a water 
productivity function or coefficient, normalized for reference evapotranspiration and 
atmospheric carbon dioxide concentration, with the development of canopy cover. 
This underpins biomass production and harvest index and the model’s applicability 
to different geographic locations or climates and seasons. AquaCrop decomposes the 
yield into biomass production and harvest index in simulating crop growth, permit-
ting the user to assess the distinctive effects of environmental variables on biomass 
or harvest index (Geerts et al. 2009; Raes et al. 2009). AquaCrop uses three conser-
vative parameters to capture the effect of water stress on the crop: decreased rate 
of canopy expansion, stomatal closure, and increased canopy senescence. These 
parameters are used to control the water productivity and harvest index, which are 
also affected by soil saturation conditions. The onset and intensity of these water-
related stresses largely depend on timing, soil conditions, climate, and management 
(Raes et al. 2009). The climate sub-model inputs key climatic variables: evapotran-
spiration, temperature, and precipitation. These are used as input in the crop-growth 
sub-model to track the dynamics of soil water balance, canopy development and heat 
stress. 

The details of the sources and handling of datasets and simulation can be found 
in Yawson (2013) and Yawson et al. (2016). A summary is provided here. In this 
study, the simulation was done for spring barley under rainfed conditions, with no 
additional management or fertility stress considered. Initial soil water content was 
set to field capacity. The crop information required in AquaCrop was based on the 
barley genotype Westminster, which is a high-yielding spring/winter genotype widely 
grown in the UK. The data was obtained from a field experiment used to calibrate and
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validate AquaCrop to simulate future yields. Downscaled to the UK administrative 
regional level, the projected climate data were obtained from the UKCP09 (Murphy 
et al. 2009). Each time slice in this dataset covered 30 years. An embedded Weather 
Generator in the UKCP09 (Jones et al. 2009) was used to obtain future climate 
variables on a daily resolution. In this chapter, the results of two emission scenarios 
for the 2050s time slice are reported, namely, the high emission scenario (HES) 
and the low emission scenario (LES), corresponding to the A1FI and B1 in the 
SRES scenarios, respectively (Nakićenović and Swart 2000). Soil data were obtained 
from the Crop Growth Monitoring System (CGMS) database in the SINFO (Soil 
Information System) of the European Union (Baruth et al. 2006). From this, soil 
hydraulic parameters required by AquaCrop were generated. 

Once all the required datasets had been obtained or generated and processed to 
AquaCrop compatible formats, they were imported into the model, and the simula-
tions were run. Multiple run project files were created and executed in the AquaCrop 
plug-in program (Raes et al. 2009) to capture the various UK regions and emission 
scenarios. The outputs were processed and analyzed in Microsoft Excel. Mean values 
of all model variants for each year in the time slice, UK region, and emission scenario 
were generated to represent the 30-year time slice. Subsequently, yield percentiles 
were computed, and the data was inspected for the occurrence of yield values below 
the 10th percentile. Yield value below the 10th percentile value in any given year in 
the time slice was flagged as yield penalty. All the yield penalty values were then 
inspected in the AquaCrop graphical outputs showing the effect of temperature and 
water stresses on biomass production and yield (see Fig. 27.1). Here, yield reductions 
due predominantly to soil saturation were selected and, in some instances, compared 
with the magnitude of yield reductions due to heat stress for other years in the same 
emission scenario and region. For each region and emission scenario, the mean yield 
penalty was calculated and then expressed as a percentage of the respective 10th 
percentile yield for the time slice to obtain the percent yield penalty (representing 
the intensity or severity of the yield penalty).

Results 

Generally, within the studied time slice (the 2050s), yield values (mean of 100 model 
variants for each year in the 30-year time slice) under the LES were less variable than 
under the HES. The 10th percentile yields (based on the yearly values of the 30 years 
in the time slice) of the UK regions in the 2050s are shown in Fig. 27.2. Yields under 
the HES were higher than under the LES. Per region, substantial differences in the 
10th percentile yields for the two emission scenarios were observed for East England 
(EE), East Midlands (EM), Northwest Scotland (NWS), Southeast England (SEE), 
West Midlands (WM) and Yorkshire and the Humber (YH). Particularly for Wales 
(WA), Northeast Scotland (NES), and Northwest England (NWE), the percentile
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Fig. 27.1 Sample graphical output from AquaCrop showing soil water balance (lower panel), 
canopy development (middle panel) and transpiration (top panel) over the growing season. The FC 
denotes field capacity, and SAT represents soil saturation. Vertical grey bars indicate reductions in 
either transpiration rates (top panel) or canopy development (middle panel)

Fig. 27.2 The 10th percentile yields of UK regions under the high emission scenario (HES) and 
low emission scenario (LES)

yields for the two emission scenarios were quite similar. The 10th percentile yields 
for the HES ranged from 5.55 tonnes/ha (WA) to 7.84 tonnes/ha (SEE). The values 
ranged from 4.42 (EE) to 6.44 tonnes/ha (EM) for the LES. 
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Fig. 27.3 Percentage yield penalty for UK regions under the HES. The mean of all regions 
represents the UK

Percent yield penalties under the HES ranged from 5.4% (EE) to 76% (WA) 
(Fig. 27.3). Other high yield penalties were observed for Southwest Scotland (SWS, 
68.19%) and (NWE, 64.84%). The regions with the most increased yield penalties 
under the HES were in the western half of the UK. Percentage yield penalties under the 
LES are shown in Fig. 27.4. Here, Northeast Scotland (NES) and Northeast England 
(NEE) had the highest percentage yield penalties (40.63 and 25.3%, respectively), 
followed by WA (21.84%). Northwest Scotland (NWS) had the most negligible yield 
penalty. 

Discussion 

There is a considerable body of literature on the effect of soil moisture deficit on 
crop yields under projected climate change (e.g., Daba et al. 2018; Wang et al. 2019). 
However, the impact of soil saturation on yields under projected climate change is 
understudied. This chapter uses a simple case study to illustrate and draw research 
attention to the potential effect of soil saturation on barley yields (and by extension 
key cereal crops). Key results on actual yields and the statistical parameters are 
reported in Yawson et al. (2016) in which the baseline yields showed an upward 
trend. The results in the current chapter show that barley yields can be sensitive to soil 
saturation and that soil saturation under projected climate change can contribute to 
considerable yield reductions in spring barley. The yields become more variable under 
climate change. The results in the current chapter suggest that soil saturation could be
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Fig. 27.4 Percentage yield penalty for UK regions under the LES. The mean of all regions 
represents the UK

a significant contributor to the yield variability, especially yield dips, observed earlier. 
In the UK, precipitation increases from south to north and east to west (Jenkins et al. 
2008). The reverse is true for temperature. This geographical pattern would likely 
remain unchanged in the spring agricultural season (Yawson et al. 2016; Murphy 
et al. 2009). However, future changes in precipitation under projected climate change 
show greater uncertainty than for temperature (Murphy et al. 2009). The results in 
the current chapter show that, under the HES, where rainfall variability could be 
higher, western regions in the UK suffer the larger magnitudes of yield penalties. 
The UKCP09 report indicated that, under the HES, eastern (and southern) UK regions 
would likely experience more significant reductions in precipitation than the western 
regions. Thus, the result suggests that barley yields in the western regions, which are 
currently wetter than the eastern regions, could be more susceptible to penalties from 
increased soil saturation under highly variable precipitation regimes such as observed 
under the HES. In the simulation results, it was observed that soil saturation was less 
frequent compared to heat stress or soil water deficit, but more frequent in western 
regions than in the eastern or south-eastern regions. However, the magnitude of the 
yield penalties associated with soil saturation was higher in some cases, especially 
when it occurred around the establishment and the reproductive phases. There is 
the added danger of uncertainty here. In simulations such as reported in the current 
chapter, the years in time slices do not correspond to actual years, implying any 
observed event in the time slice can occur in any actual year. This means any yield 
penalty observed under any of the emission scenarios could occur in any given year 
in the 2050s, depending on the trajectory of climate change.
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Like most cereals, barley is sensitive to drastic variations in soil moisture content 
and temperature around the establishment, anthesis, and grain filling (Anjum et al. 
2011; Semenov and Shewry 2011). While barley can moderately tolerate soil mois-
ture deficits through osmotic adjustment and recover from short-term water stress, it 
is sensitive to soil saturation as this creates anoxic conditions (González and Ayerbe 
2011; González et al. 1999; Shone and Flood 1983). Barley poorly compensates for 
reduced tillering during the early stages of growth. The observed yield penalties due 
to soil saturation could be due to the duration of anoxic conditions created by the 
saturation. Under the HES, soil saturation occurred less frequently but had greater 
intensity or severity than the LES and was more effective around the reproductive 
phase. This could be due to successive combination of a dry spell and soil saturation, 
as observed, for example, for the NES and NEE. However, longer durations of satu-
ration were observed for WA, SWS, and NWE under the HES. Recent IPCC special 
reports (IPCC 2018, 2021) indicates an observed increase in the frequency, intensity, 
and or amount of heavy precipitation events globally, which are likely to continue into 
the near future. This, coupled with the fact that hydrometeorological hazards account 
for over 80% of damages and losses incurred in the agricultural sector (FAO 2018), 
should direct research attention to soil saturation and its impacts on crop yields in 
the climate, agricultural, and disaster risk management communities. In the future, 
it is possible that crucial cereal crops could suffer severe yield penalties as precipi-
tation becomes more variable and heavy precipitation events become more frequent 
and intense. Wet agroecosystems, under current climates, might be at higher risks 
of soil saturation and yield penalties, but the alternation of dry spells and saturation 
could also create yield penalties even in semi-dry agroecosystems. Further studies 
are required to explore these issues. 

Limitations of the Study 

The current study, though uses spatially varied regions in the UK, it is based on a 
single country and a single crop. Regardless of how typical the UK climate could 
represent northern temperate environments, more studies are required around the 
world using combinations of different types of soil, climate, and crop genotypes. 
Studies of this nature use datasets from varied sources, each of which has its own 
uncertainties. Projected climate data have their own inherent accuracies that limit 
their utility for extrapolation. Although this study used projected climate change 
dataset from the UK MET Office, it is limited to the accuracy of the dataset at 
the time of production and the study. Finally, uncertainties associated with model 
architecture, calibration and validation impose further limitations on the current 
study. In all, multiple studies are needed to improve understanding of the effects 
of climate change on soil saturation and, consequently, yield penalties in different 
agro-ecosystems.
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Conclusions and Future Directions 

Climate change would likely increase the frequency, intensity, and frequency of heavy 
precipitation events and tropical cyclones. Correspondingly, this could increase the 
frequency, duration, and severity of soil saturation conditions, with varying effects 
on crop yields. The findings in this chapter show that soil saturation, under climate 
change, can contribute to substantial yield penalties in barley and, therefore, consti-
tutes a significant risk to future crop production and food security. Yield penalties, 
due to soil saturation, showed a strong dependence on emission scenario than the 
frequency of occurrence. Agro-ecosystems that currently have wet climates could 
potentially be at higher risks of yield penalties related to soil saturation under more 
varied or heavier precipitation events. While the effect of soil moisture deficit on 
crops has been widely studied, the same cannot be said of the impact of soil satu-
ration. Poor understanding of the effects of soil saturation, either singularly or in 
combination with other stresses, under both current and future climates, could consti-
tute an impediment to effective adaptation planning. Findings in the current chapter 
demonstrate that the effect of soil saturation on crop yields under climate change 
should no longer be neglected. It is time to pay research, policy, and practical atten-
tion to understanding the scale and scope of the risks of yield penalties from soil 
saturation, under climate change, to support adaptation planning. It is important to 
combine both experimental and simulation studies to understand the responses of 
key food security crop plants to varying frequencies, severities, and durations of 
soil saturation and the impacts on yields under both current and projected climates. 
Outcomes of such studies could inform plant selection and breeding strategies, as 
well as agronomic practices. However, resource allocation to such studies, as part 
of investment in adaptive capacity, ought to be prioritized from national to global 
scales. Again, efforts should be directed at quantifying the cascading impacts of yield 
penalties from soil saturation on national and transnational food security, including 
multi-model comparisons. 
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Chapter 28 
Soil Fertility Recovery at the Kara River 
Basin (Togo, West Africa): Local 
Solutions at the Interface of Climate 
and Land Use Change 

M’koumfida Bagbohouna , Meine van Noordwijk , 
Badabaté Diwediga , and Sidat Yaffa 

Abstract Degrading soils reduce the tolerance to a variable and changing climate; 
managing soil fertility is key to climate change adaptation. Rural communities of the 
Kara River Basin in Togo see soil and climate issues as closely linked. To identify 
local solutions to adapt to climate and land-use-change-induced soil fertility decline, 
this study employed semi-structured questionnaire interviews with 436 respondents 
(farming households) from 38 selected villages in the river basin, focus group discus-
sions, and key informant interviews coupled with transect-walks in the landscape. 
Data were analysed using descriptive statistics through IBM IPSS version 25 and 
MS EXCEL 2016, and triangulation methods to verify results. The local solutions 
farmers mentioned beyond chemical fertilizers, were dominated by natural solutions 
such as: fallowing (53%), mixed farming (50%), composting (45%), contour crop-
ping (43%), mulching (28%), agroforestry (8%), and (other) biological fertilizers 
(7%). All these solutions were rated 8.5 and 9 on a scale of 10 by farmers in terms 
of performance in improving soil fertility and increasing yields, respectively. The 
study concluded that local nature-based solutions as such are preferred by farmers 
and present huge potential to combat the soil fertility loss in existing land use in the 
basin that is aggravated by climate change. Such solutions should be prioritized for 
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testing if rural households are to increase resilience vis-a-vis global environmental 
changes. 

Introduction 

Land degradation constitutes a critical global issue that threatens food security and 
rural development. The Intergovernmental Science-Policy Platform on Biodiversity 
and Ecosystem Services (IPBES) defined land degradation as the “many human-
caused processes that drive the decline or loss in biodiversity, ecosystem functions 
or ecosystem services in any terrestrial and associated aquatic ecosystems” (IPBES 
2018a). The same panel estimates land degradation in Africa of about 20% of the 
continent land surface (660 million ha) (IPBES 2018b). With projections in the global 
population to rise to 11 billion people by the end of this century (United Nations, 
2015a), the food demand is anticipated to rise by 60–80% (Depenbusch and Klasen 
2019), inducing land-use changes and competition for land (Runyan and Stehm 
2019). Many studies highlighted that land degradation implies food insecurity (GCEC 
2014; Lal  2004; West and Williams 2014), vulnerability to climate change (GCEC 
2014; Reynolds et al. 2007; Lambin and Meyfroidt 2011; Foley et al. 2005; Gerber 
et al. 2014) and poverty (Gerber et al. 2014; Nachtergaele et al. 2010; Nkonya et al.  
2011; Bai et al. 2008). Over 1.5 billion people experience land degradation (Bai et al. 
2008), including large numbers of the rural poor (Gerber et al. 2014; Nachtergaele 
et al. 2010;Nkonya et al.  2011). From 2000 to 2010, in developing nations, the amount 
of degrading agricultural land grew by 14% in relation to rural population growth 
(Barbier and Hochard 2016). The same study indicated the highest rate (17–18%) 
of degradation in Sub-Saharan Africa (Barbier and Hochard 2016). In general, land 
cover changes can result in, among others, the loss in biodiversity, increase in soil 
erosion and sediment transport, river siltation, alteration in hydrological processes, 
reduction in forage production, soil fertility decline, and reduced yields in the long 
run. Several authors regard low soil fertility as the most significant limitation to 
improve agricultural production, as it limits utilization of, also scarce, available 
water (Critchley et al. 1992). 

Circumventing land degradation and restoring degraded lands are critical for 
achieving the Sustainable Development Goals: SDGs (IPBES 2018). At the cross-
road of carbon neutrality, SDGs and climate action, indigenous knowledge has been 
widely recognized at the frontline to enable a better food system, healthy landscapes 
and inclusive development (van Noordwijk et al. 2020; IPBES 2019; United Nations 
2015b). There still is a need to document such knowledge to efficiently improve 
efforts towards building resilience and strengthening adaptive capacity of the rural 
communities to global changes (climate and environmental changes). 

Multifunctional landscapes in the West Africa region have so far supported the 
major part of rural livelihoods. In Togo, for example, many landscapes are utilized 
for multiple purposes, including a vast majority of communities’ products coming 
from agriculture (farming, livestock, etc.). One of these landscapes, the Kara basin
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currently witnesses a land cover transition that has left only a little space untouched 
by human influence (Badjana 2015). The core socio-economic activity in the Kara 
basin remains farming which first of all supports subsistence with limited market 
integration (Djagni 2003). A handful of studies (Badjana 2015; Badjana et al. 2016) 
documented an increase of agricultural lands at the cost of savannah, the main vege-
tation type of the basin. This situation is predominantly linked to an increase in 
human population during recent decades (Badjana 2015). As a matter of fact, agri-
culture in there is extensive relying on slash-and-burn land clearing, swiddens and 
fallows. All over the basin, land degradation, including soil erosion is prevalent. As 
land in the basin is being exploited without proper compensation of soil nutrients, 
this implies a decrease of soil fertility and subsequent failure in crop yields (Djagni 
2003). Generally, land degradation concerns at least 85% of arable land in Togo, and 
nearly one-third of protected land areas have been irrevocably lost in recent years, 
or are too expensive to rehabilitate (GFDRR 2018). Soil fertility decline, a key limi-
tation for both crop production and natural vegetation makes fertility management 
an issue of wide concern (Critchley et al. 1992). Local farming communities have 
embarked on an extensive range of strategies to offset the negative effects of soil 
fertility loss. 

Beside the vegetation loss linked to human activities, climate variability and 
change influences farming. Recent decades have been characterized by a high spatial– 
temporal variation of rainfall, causing a shortening of the wet season and a rise in 
temperature (MERF 2009; Badjana et al. 2011), leading to a reduction of the seasonal 
vegetation period and hampering vegetation development. Adaptation approaches are 
important to handle and adjust with extreme weather (Shelar et al. 2022) and land 
use and land cover change impacts. Multifunctional landscapes are associated with 
climate resilience and mitigation (Duncan et al. 2020; Harvey et al. 2014; Scherr 
and McNeely 2012; Minang et al. 2015) and biodiversity conservation (Scherr and 
McNeely 2008). Their inhabitants possess traditional knowledge used over centuries, 
retaining what worked in local context. Considering the reputation of local ecolog-
ical knowledge in successful management of multifunctionality in the landscapes 
(Carpenter et al. 2009; Potschin and Haines-Young 2013), it is vital to revive and 
document the often-underrated local knowledge in the face of weather vagaries and 
changes of land use systems. 

Most of projects, so far, that fight poverty at rural level have largely employed 
scientific and policy knowledge—imported methods or approaches to halt soil 
fertility loss in the Global South; they often neglect local barriers to their imple-
mentation. The overall knowledge base seems patchy (Cradock-Henry et al. 2019), 
including challenges in establishing other forms of knowledge exterior to peer-
reviewed literature, for instance the lived experiences of the Global South and Indige-
nous Knowledge (Parsons et al. 2016). Projects to reclaim soil fertility have resulted 
into failure throughout, with very little impact in changing conditions. However, 
barriers to scientific and policy ecological knowledge documented in the litera-
ture (including cost, knowledge, technical know-how, accessibility, replicability 
and adaptability) seem to be well handled by African local communities (Isaac
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2015). Researchers tend to prefer small case studies somewhat because of the now 
deep-rooted postulation about the localness of adaptation (Nalau et al. 2015; Shi 
et al. 2016) and handling effectively climate change challenges. Effectiveness and 
adequacy of climate change management including adaptation have been discussed 
by researchers, it comes strongly out that effectiveness is variously seen at many 
scales and in diverse contexts (Dilling et al. 2019; Eriksen et al. 2011; Ford et al.  
2013; Preston et al. 2013). Notwithstanding such challenges, stocktaking adaptation 
advancement remains key to reduce vulnerability to climate change and enlightening 
adaptation funding and priorities (Berrang-Ford 2019; Morgan et al.  2019). 

This paper seeks to identify the set of local or traditional ecological knowledge 
used to address soil fertility decline in the Kara River Basin to inform climate and land 
management strategies, actions or policies. It applies a diagnostic study to appraise 
current issues on land use as perceived by local respondents. 

Materials and Methods 

Study Area 

The multifunctional landscapes of the Kara River Basin cover a total area of 4594 km2 

in northern Togo (plus some area in neighbouring Benin; Badjana et al. 2017b). The 
study area lies between longitudes 0°30, and 1°38,E and latitudes 9°15, and 10°01,N 
(Maps 28.1 and 28.2). It is drained away from the Ocean by the north-flowing Oti 
River, a sub-watershed of the well-known Volta Basin in West Africa. The area has 
a tropical sudanian climate with two seasons: a wet season (April to October) with 
high rainfall variability, and a dry season (November to March). The average annual 
rainfall was 1320 mm over the period 1960–2012, and the mean annual temperature 
at Kara synoptic station was 27.3 °C over the period 1977–2011. The minimum 
and maximum temperatures were 15 °C and 41 °C, respectively (Badjana 2015). 
Climate variability in the region during the last decades has been characterized by a 
great inter-annual variability with a succession of dry and humid periods and rising 
temperature (Badjana et al. 2017a). The area is exposed to high climatic variability. 

The Kara River basin is predominantly located in the administrative Kara Region 
which rural population’s main socio-economic activity consists of agriculture and 
livestock. The livestock is made up of small ruminants (sheep, goats, cattle, pigs) 
and poultry (UNEP-GEF 2012). About 96.16% of rural households are involved 
in agricultural-based livelihoods with 81% headed by men and 19% by women 
(MAEP 2003). Land degradation happens in the basin (Brabant et al. 1996), leading 
consequently to increased soil erosion and declining crop yield (UNEP-GEF 2012).
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Map 28.1 Study area with surveyed districts and communities (Source Authors’ compilation 2022) 

Map 28.2 The Kara River basin (Source Authors 2022)
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Data Sources 

Ethical Considerations for the Study 

Prior consent is understood as ‘the process of agreeing to take part in a study based 
on access to all relevant and easily digestible information about what participation 
means, in particular, in terms of harms and benefits’ (Parahoo 2006; Hardicre 2014). 
Before embarking on the investigation (especially at the beginning of the face-to-face 
interview), a free and prior informed consent method (Schreckenberg et al. 2016) 
was used to ensure ethical research standards were met. Hence, the purpose of the 
study was disclosed to the interviewees, mainly the farm household heads or their 
representatives. This was helpful in seeking participants’ consent before adminis-
trating the questionnaire (as this phase is critical to avoid any misinterpretation and 
violation of individual rights to participate or not in the survey). On the other hand, 
the disclosure of study objectives permitted to facilitate the community entrance and 
guarantee a proper communication with community members. 

Data Acquisition 

The participatory approach in this research underscores the worth of local knowl-
edge and the importance of participant’s perspectives. Such data generation 
approaches seem more suitable to gathering information from multiple perspectives, 
at different scales, and integrating socio-economic, biophysical, and climate infor-
mation (Mwongera et al. 2017). Hence, this paper draws upon participatory fieldwork 
as in Duncan et al. (2020) to generate thorough information on how people interact 
with the landscape. This study predominantly used primary data collected from a 
field survey using face-to-face interviews. The tool is a semi-structured question-
naire containing the following aspects: local conditions, issues of land use and land 
cover change, soil fertility decline and local strategies for agricultural adaptation to 
changing climatic conditions. 

From April 2021 to June 2021, 436 smallholder farmers from 38 communities 
were surveyed in the agropole of Kara. The agropole covers an area of 165,000 
hectares and will be dedicated for agrobusiness and agricultural development in the 
basin as part of the nationwide large-scale Togo Agri-Food Transformation Project 
(PTA-Togo). followed by 19 focus group discussions (FGDs) on average of 8–12 
peoples, and key informants’ interviews techniques with 4 agricultural institutes. 
Triangulation techniques helped to revisit the interviews and verify the results. Data 
were analysed without individual identifiers, to protect privacy. 

The study used a stratified sampling approach. At the first level, all the four (4) 
districts of the Kara Agropole were selected. At the second level, all the 19 cantons 
of the study area were surveyed. At the third stage, 38 villages or communities were 
randomly selected with an average of 2 per canton. In each village, about 10–50
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smallholder farmers were randomly selected to contribute in the survey. Female-
headed households were included as respondents where they were selected in the 
randomization (Table 28.1). 

Field observations to collect factual information were conducted through transect-
walk across the landscapes of the study area. This was useful in observing facts of 
real physical soil degradation (e.g., soil erosion, lateritic crusting, etc. and other 
landscape features relevant to better apprehend land degradation issues in the area). 
Field activities engaged in this research have been employed in other rural landscapes 
to comprehend how people utilize ecosystem services (Malmborg et al. 2018; Sinare 
et al. 2016). 

Table 28.1 Surveyed 
communities Districts Cantons of the “Agrople 

of Kara” 
Number of respondents 

Dankpen 136 

Naware 
Guerin Kouka 
Koutchitcheou 
Natchitikpi 
Natchiboré 
Namon 
Nampoch 

36 

11 

24 

10 

12 

20 

13 

Bassar 110 

Manga 
Kabou 
Sanda Kagbanda 
Sanda Afohou 

50 

25 

25 

10 

Keran 90 

Atalotè 28 

Hélota 20 

Kande 15 

Péssidè 27 

Doufelgou 100 

Tchoré 25 

Alloum 22 

Léon 25 

Kadjalla 28 

N 436
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Data Analysis 

First, collected data were inputted and subjected to a clear and rigorous process 
of data cleaning and quality control. Next, the cleaned data were analysed using 
descriptive statistics through IBM IPSS 25. Microsoft EXCEL 2016 was used to 
report the results in the form of graphs. 

Results 

Socio-Demography and Diagnostic of Climate and Land 
Management Issues 

Socio-demographic features of the respondents (Table 28.2) showed that the majority 
were male-headed household (89%); female-headed household (11%) were under-
represented in our survey relative to the 20% of female-headed household in the 
national agricultural surveys (MAEP 2013). The fraction of respondents that were 
married (89%) also exceeds that (79.7%) in the national agriculture census of 2013 
(MAEP 2013). Almost 60% of respondents have ever attended school while 40% did 
not. Such result matches with MAEP (2013) census data that found a decrease in the 
proportion of illiterate household heads from 62 to 46% thanks to efforts of the State 
and its partners in the education reflected in sectoral and national plans for educa-
tion from 2010 to 2020 (Republique Togolaise 2010). These efforts include free of 
charge schooling and the establishment of a school feeding programme for primary 
schools since 2008. In fact, this has helped to keep children in school for a long 
period. 70% and more are above 40 years of age meaning that agriculture activity 
lies in the hand of the active group even though little is handled by the youths (less 
than 30%). The majority tends to be in a monogamous marriage (69% against 31% 
in polygamous) with most of the ethnic groups dominated by Kabye (61%) and 
Konkomba (16%) being autochthons. In terms of household size, most respondents 
are from a household of a size comprised between [3–7] followed by those above 7 
members. The majority of respondents (82%) have over 20 years of experience in 
farming (Table 28.3). Beyond family labour, 65% of households makes use of at least 
some hired labour, while 63% indicated to be part of mutual aid, labour exchange 
for major tasks such as land clearing from fallow vegetation. Most of the households 
own lands (97%), that can be derived through heritage (60%) or land clearing (27%); 
some 10% became owners after borrowing land for many years (over 30 years).

Three types of terrain in the landscape are flat terrain, slopes, and swampy areas. 
Most of the farmers own more than 2 ha of land which are flat, swamp or sloping or 
a combination of two or three of these land types. A majority of farmers indicated 
low fertility of their farmlands (69%) while farm fertility was seen as decreasing in 
almost all farmlands of the respondents over the last 3-year period particularly. Most
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Table 28.2 Demographic characteristics of surveyed farm household heads 

Variables Percentage of 
respondents (%) 

Variables Percentage of 
respondents (%) 

Gender Age 

Female 11 <30 years 4 

Male 89 30–40 years 10 

Marital status 41–50 years 29 

Single 2 51–60 years 40 

Married 89 >60 years 17 

Divorced 3 Educational level 

Widowed 6 Primary 34 

Household size Secondary 20 

<3 9 Tertiary 5 

[3–7] 70 Koranic 1 

>7 21 Never attended school 40 

Marriage type Ethnic groups 

Monogamy 69 Kabye 61 

Polygamy 31 Konkomba 16 

Origin of 
respondents 

Lamba 5 

Autochthonous 92 Tem 3 

Migrants to Kara 
basin 

8 Tchokossi 5 

Before 1987 0 Bassar 5 

1987–1990 20 Fulhani 2 

1991–2000 20 Nawda 2 

2001–2010 36 Ewe 1 

After 2010 24 

Source Field work 2021

respondents stated that land is becoming scarce in the area. Also, chemical fertilizers 
are widely used by most farmers as land is becoming scarce and land needs to feed 
a growing population increase (Table 28.4).

Deforestation and Climate Change 

Besides agriculture (crop-based farming and livestock), the majority (78%) of the 
farmers reported to also draw their livelihoods from forests with almost close to the 
half (47%) perceiving their dependency on forest related livelihoods as moderate to
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Table 28.3 Socio-economic profile of the respondents 

Variable % Variable % 

Farming experience Belonging to a structured group 

<10 years 6 Yes 37 

10–20 years 12 No 63 

21–30 years 41 

>30 years 41 

Land tenure Land ownership types 

Freehold 97 Inherited 87% 

Leasehold 3 Rented 13% 

Farmland topography <2 ha >2 ha 

Flat 81 40% 60% 

Swamp 59 46% 54% 

Sloping 53 44% 56% 

Perceived Farm Soil fertility Change in soil fertility over the last 
3-years 

Low 69 Decrease 94 

Moderate 28 Unchanged 5 

High 3 Increase 1 

Available land size vs land need Is land becoming scarce? 

Little 3 Scarce 91 

Small 58 Unchanged 7 

Average 36 Abundant 2 

Sufficient 3 

Farm labour typea Permanent workforce (pers.) 

Household 90 <3 23 

Hired 65 3–7 53 

Mutual aid 63 >7 14 

Seasonal workforce (pers.) 

<3 26 

3–7 40 

>7 34 

Farmer propertiesa Sources of cooking energya 

Radio 85 Fuel wood 97 

TV 42 Charcoal 45 

Phone 57 Crop residues 
Manure 
Others (specify) 

1 
1 
1 

Motorbike 34 Time spent to collect source of energy

(continued)
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Table 28.3 (continued)

Variable % Variable %

Bike 10 <1 h 61 

Car 1 >1 h 39 

Access to power supply 22 Distance to collect a source of energy 

Grinding/milling machine 6 0-2 km 58 

3-5 km 34 

>5 km 18 

aMultiple answers possible

Table 28.4 Other livelihoods, road network and commercialization, and farming inputs 

Variable % Variable % 

Other source of livelihoods, beyond crops Distance to the nearest main road 

Livestock 72 <5 km 50 

Petty trading 21 5–10 km 22 

Horticulture 1 11–15 km 16 

Sale of petroleum products 2 >15 km 12 

Taxi moto 3 Distance to the nearest secondary 
road 

Others 1 <5 km 66 

Chemical fertilizer usage 5–10 km 26 

<100 kg 20 11–15 km 18 

100–500 kg 64 Distance to the nearest water 
body 

501–1000 kg 11 <5 km 60 

>1000 kg 5 5–10 km 26 

Fertilizer expenditure 11–15 km 12 

<$100 55 >15 km 2 

$(100–200) 25 Distance to the nearest village 
market 

$(201–400) 15 <5 km 72 

>$400 5 5–10 km 25 

11–15 km 2 

>15 km 1 

Did your farming revenues cover family Distance to the nearest main 
market 

needs during the past 5 years? <5 km 57 

Yes 17 5–10 km 20 

No 83 11–15 km 13 

>15 km 10
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important. The Kara River basin landscape is multifunctional; thus, provides multiple 
purposes to its inhabitants. The relative low dependency on forest-based livelihoods 
in the area (53%) originates in the high interest farmers place on non-timber products 
for their subsistence, rather than timber or wood. Wood products are mostly used by 
wood exploiters for commercialization; and very few by local farmers. 

Fuel wood and charcoal remain the main source of energy by farmers in the 
area; denotating the dependence vis-à-vis forest resources (or at least trees) in the 
landscapes. In general, water and energy source are relatively far from the respondents 
(with the average affirming that such facilities are less than 5 km of distance and less 
than 1 h of reach. Other socio-economic activities like livestock keeping stand out 
as the main activity after crop-based farming. Overall, farming revenues were not 
sufficient to cover family needs in the last five years; revenue decline is probably on 
the rise (83%). 

Late arrival and early termination of the raining period was mentioned by 77%, 
insufficient rains by 63%, a rise in surface temperature by 57%, variability in the 
quantity of rains by 48%, strong winds by 47% and unpredictable seasons by 33%. 
Respondents attributed climate change primarily to deforestation (94% agreed). 
Attribution to agriculture (32%) was the second factor, with only 5 and 4%, respec-
tively, attributing climate change to ‘gods or ancestors’ or ‘bushfires’. Farmers who 
see climate change as a punishment of god(s) or ancestors mention the absence of, 
or negligence in the protection of their sacred woods/forests which sometimes are 
intruded or cleared as land is becoming scarce in the area. 

The vast majority of respondents (93%) agreed that the climate change crisis 
is ‘very important’ to farmers, and only 7% found it to be ‘less important’. The 
consequences for farmers of climate change, however, are diverse (Fig. 28.1). 

Reasons pointed out by farming households to explain the seriousness of 
climate change issues are increase of heat (26%), reduction of agricultural liveli-
hoods’ production (20%), reduction of agricultural revenues (19%), abundance of

20% 

19% 

26% 

18% 

17% 

Reasons for which climate change is important to farmers 

Reduction of agricultural livelioods production 

Reduction of agricultural  revenues 

Increase of heat 

Abundance of mosquitoes 

Soil fertility decrease 

Fig. 28.1 Reasons explaining the seriousness of climate change to local peoples (Source Field 
work 2021) 
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Fig. 28.2 Causes of soil erosion and soil fertility loss in the basin—multiple answers possible 
(Source Field work 2021) 

mosquitoes and soil fertility decline or decrease (17%). During the FGDs, house-
holds have recognized that one manifestation of climate change is the rise in the 
surface temperature. 

Land Degradation Issues in the River Basin 

The majority (62%) of farmers saw signs of erosion on their farmland, 38% not. 
Farmers had mixed opinions about the role of livestock in land degradation: 42% 
saw such relationship, 11% said livestock played no role, and 47% wasn’t sure about 
this. Opinions on causes of soil erosion were varied ranging from deforestation, wind, 
agriculture to rains (Fig. 28.2). Only 13% of respondents, however, reported erosion 
to be ‘severe’, 24% ‘moderate’ and 63% ‘minor’. 

Only 1% of respondents still reported fallow periods of 3–7 years, for 35% fallow 
periods were less than 3 years and 64% relied on permanent cropping, without fallow 
periods. 

The area has seen a decrease in the availability of forest-based products that serve 
as livelihoods for the communities. Hence, non-timber forest products represent the 
scarcest products to be found in the area (62%), while access to charcoal, firewood 
and construction wood had become problematic for 2, 12 and 14% of respondents, 
respectively. 

Local Farmers’ Perspectives on the Causes of Land Conversion 

Farmer perceptions on the causes of land conversion referred in only 1% of respon-
dents to population growth; 7 and 8%, respectively, referred to logging and charcoal
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production; 24% to increase in human habitation and 60% to agricultural expan-
sion and development. Nearly all (97%) of respondents reported reduced food secu-
rity and 55% a threat to food security and nutrition, but only 3% saw an increased 
vulnerability. Most of the farmers (69%) reported their soil fertility as ‘low’, 28% as 
‘moderate’ and only 3% as ‘high’. Only 17% reported that farming revenues covered 
family livelihood needs for the past 5 years, 83% said this was not the case. Farmers 
saw loss of livelihoods as the major consequence (65%) of land cover and land use 
change, 41% (also) mentioned land scarcity and land degradation, and only 10% was 
concerned with destruction of ecosystems. 

Local Knowledge of Soil Erosion Induced Soil Fertility Loss 
Biophysical Indicators 

Farmers reported multiple biophysical indicators of decreasing soil fertility: prolif-
eration of Striga (70%), increasingly hard soil (74%) and cracks in the soil (80%). 
The four practices that reduce or prevent soil fertility loss most frequently mentioned 
by farmers were: 

o Contour cropping (47%) 
o Keeping trees in farmlands (41%) 
o Terraced cultivation (38%) 
o Use of ridges in row cropping (37%). 

Integrated local soil and water management practices (ILSWMP) used were diverse 
(Fig. 28.3). 

Farmers perceived a number of benefits as the importance of these ILSWMP 
(Fig. 28.4). Their effectiveness in increasing yields was scored as 9 out of 10, their 
effect on improving soil fertility as 8.5 out of 10.

5 
11 

15 
33 

42 
47 
49 

69 

0 10 20 30 40 50 60 70 80  

Construction of ridges
 Agroforestry 

Construction of water ponds for irrigation 
Mulching 

Contour farming 
Compost 

Tree planting 
Leaving farm residues on the land 

Local soil and water management practices used by farmers 

Fig. 28.3 Integrated local soil and water management practices (ILSWMP)—multiple answers 
possible (Source Fieldwork 2021) 



28 Soil Fertility Recovery at the Kara River Basin (Togo, West Africa) … 595

0  20 40 60 80  100  

Increased yield 

Increased soil retention capacity 

Prevent erosion 

Ensure long term productivity of the land 

85 

54 

50 

14 

Fig. 28.4 Farmers’ perceived effects of ILSWMP on farming activities—multiple responses 
(Source Fieldwork 2021) 

Discussion 

In the local knowledge of the study area, climate change is understood and character-
ized as late commencement and early cessation of rains, insufficient rains, tempera-
ture increase, variability in rainfall patterns, strong winds and unpredictable seasons. 
These findings are in agreement with observed data from meteorological stations 
in the study area and other previous studies in the Kara River Basin (Badjana et al. 
2017a), which indicated an interannual variability of rainfall and a decrease in average 
annual rainfall in the basin. In few words, the empirical observations of farmers tend 
to corroborate with scientific records of rainfalls. Also, there was a consensus among 
respondents vis-à-vis certain changes in weather and frequency of extreme events. 

In the quest to understand how serious global changes, including climate change, 
are to the farmers, we noticed that the majority of them (93%) acknowledged the 
climate crisis as very important for reasons in Fig. 28.1 as it poses threats to their 
means of survival (e.g., agriculture, livestock even forest-based products). Such infor-
mation is in line with climatic change profile in the Kara river basin which predicted 
increase in surface temperature (Republique Togolaise 2015; Badjana 2015) and in 
the overall Oti Basin (Badjana et al. 2011). Such scenario undoubtedly may have 
led to burdens seen in climate sensitive livelihoods activities (reduction of agricul-
tural livelihoods’ production and revenues). Further, the rise in temperature coupled 
with increase in rainfall duration (Badjana et al. 2017a) tends to increase number 
of mosquitoes. One factor extensively discussed in the literature is the likely influ-
ence of regional warming linked to climate change on the development of malaria 
mosquitoes (Hay et al. 2002). Paaijmans et al (2010) showed that increased water 
temperature could affect mosquito development cycle. This finding corroborates with 
the outcome of a study by Yao et al. (2018) which revealed increased malaria cases all 
through the wet season in farming communities in Bole District of Northern Ghana, 
a sub-Saharan neighbouring country of Togo. 

Farmlands within the multifunctional landscapes seem to be very much under 
pressure regarding the few available lands (91% of households declared that land 
is scarce). The few available dedicated to fallowing has in majority a short fallow 
duration (less than 3 years). Then, it will be reasonable to expect more willing-
ness of farmers to adopt farming practices to counter land scarcity induced by land
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cover and land use changes. In the multifunctionality of landscapes, land plays a 
central role as it represents the substratum upon which the system lies. Therefore, 
farmers’ perceptions on the land dynamics show that land transition has taken place 
as a result of anthropogenic activities. These activities found their root causes in the 
following factors in the order of great importance: agriculture expansion and devel-
opment (60%), building (24%), charcoal fabrication (8%), timber logging (7%); and 
accessorily population growth (1%) acting as an indirect cause. Interestingly, farmers 
hardly mention population growth as a factor in increasing land scarcity and reduced 
fallow duration, while data in the national census (MAEP 2013) clearly point in this 
direction. 

These perceived causes of farmers explain empirically well the interrelated nature 
of land-forest-food web with land and forest being the core sectors in this nexus. 
Population growth lags behind and seems not to act as a direct source of land conver-
sion in the area. However, it constitutes a pressure for land conversion in many other 
studies (Molotoks et al. 2018; Maja and Ayano 2021; Jiang and Hardee 2011). As 
a matter of fact, based on the DPSIR (driver, pressure, system, impact, responses) 
analysis, population dynamics increases pressure on natural resources (land, forest, 
water, etc.). Migration and population dynamics that prevailed in the last decades: 
from 1987–2010 and 2010 to date (see Table 28.2) influence land use changes in the 
basin. This pressurises natural resources by reducing natural forests, triggering loss 
of habitat and biological diversity (Zegeye 2017; Molotoks et al. 2018). 

Land cover changes exert an influence on forests and land resources in general. 
Within the Kara River basin, changes in land cover and land use induced by anthro-
pogenic actions (agriculture, building, logging, to name a few) affect the solar net 
radiation on the ground and increase surface heat as well as soil erosion. Less vegeta-
tion cover is susceptible to an important risk of wind and water erosion coupled with 
increased pollution. This has been indicated by the local populace who perceived 
land use and land cover change as a threat to soil fertility (69%), reduction in liveli-
hood provision (65%), land degradation and scarcity (41%), water pollutions and 
ecosystems destruction. An eroded soil losses nutrient (through physical degrada-
tion); thus, reducing soil fertility. Further, locals revealed an increased risk of soil 
fertility decline with continuous climate variability, changes and windstorms as the 
area faces environmental change. In the overall, this explains their farming revenues 
in the past 5 years not able to cover their livelihood needs. Thus, the need to go in 
for other alternative livelihoods (logging, etc.). 

Farmers possess knowledge on soil erosion which induces loss of soil fertility. In 
fact, soil erosion causes top soil to be removed; thus, loss of soil nutrients content. 
However, locals are knowledgeable about the indicators of soil erosion. 

A wide range of local, almost traditional measures are being implemented by 
farmers to prevent their farm soils from erosion and maintain their fertility. Besides 
strategies to prevent soil fertility loss, other blended measures are put in place by 
these farmers that integrate both soil and water management; as the area experiences 
monthly rainfall variability and rise in temperature (Badjana 2015). 

Integrating soil and water management by locals have been identified as part of 
the local solutions inspired by nature that farmers mentioned to be of great reliability
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to improve soil fertility. In reality, the integration of soil and water management prac-
tices add more to the conservation efforts of soil fertility decline as water and soil are 
intrinsically connected and may not be handled separately as per sustainable agri-
culture and climate-smart agriculture require. These are leaving farm residues on the 
land (69%), tree planting (49%), compost (47%), contour farming (42%), mulching 
(33%), construction of water ponds for irrigation (15%), agroforestry (11%) and 
construction of ridges. Our findings here agree with Adji (2021) study which stated 
that compost making from vegetable or animal waste/residues through traditional 
practices is a prevalent technique in the country, particularly in the dry northern area 
of which Kara River basin is part. On the other hand, agroforestry systems (still 
in small proportion) introduced by farmers are gradually gaining popularity among 
women and men in the northern part of the country. 

In terms of importance, the ILSWMP are well perceived in the area to be beneficial 
in increasing yields (85%), augmenting soil retention capacity (54%), preventing soil 
erosion (50%) and ensuring long term productivity of the farmland (14%). 

The utilisation of local solutions by farmers to handle climate and land use-
induced land degradation is seen by the majority of farmers to perform well rating 
on a scale of 1 to 10, 8.5 for improving soil fertility and 9 for increasing yields with 
respect to their performance. These local solutions used to cope and/or adapt to land 
degradation and soil fertility have the desired impacts. These findings may suppose 
that farmers willingly accept to adopt such LSWMP which performance are widely 
recognised. 

Conclusions and Recommendations 

In all, this paper provides empirical evidence that land degradation and climate 
change interact and pose enormous threats to local livelihoods in the Kara River basin. 
Farmers face soil erosion, consequence of land use and land cover changes aggravated 
by climate change. Local farmers perceived the existing connection between land 
cover changes and climate change and its effects on agricultural outputs. To handle the 
decline in soil fertility generated by land use, land cover change and climate change, 
farming households in the Kara River Basin have managed to adapt by employing 
locally proven solutions that they own and seem to work out well to augment food 
production and limit food insecurity. Such local solutions present huge potential to 
combat soil fertility loss aggravated by climate change, and land use and land cover 
change increase in the basin; which should be prioritized in other communities in 
the basin or other parts in Africa. These solutions may help to address the well 
documented barriers or constraints to adaptation in developing countries in scientific 
literature which chiefly derive from prevalent poverty, unequal land distribution, over 
reliance on rain-fed agriculture, restricted access to capital and technology, poor long-
term weather forecasts and inadequate research and extension, and inadequate public 
infrastructure (e.g., such as roads).
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On the other hand, in the light of the Paris Agreement requirements for countries 
to contribute periodically to stock takes, including revising the adequacy and effec-
tiveness of adaptation (Singh et al. 2021a, b; Craft and Fisher 2018; Tompkins et al. 
2018), the above findings would be key for drawing best practices and lessons learnt 
for handling climate change locally. 

The following can be as part of the recommendations to policymakers, develop-
ment actors and scientists intervening in the area for properly managing challenges 
posed by climate change on soil fertility: 

• Upscale these local solutions to other smallholders in the region and other regions 
that share similar geophysical and climatic conditions with the river basin; 

• Train smallholders on and promote soft, locally effective and low-cost soil 
fertility management technologies to support their adaptive capacity and building 
resilience; 

• Leverage on the locally preferred and available soil management strategies in the 
region for projects or programmes targeting to secure livelihoods and combatting 
climate change; 

• Initiate farmer-centred learning and exchange platforms to build smallholders 
resilience at local level. 

Limitations of the Research 

This study faces some shortcomings related to understanding gender disaggregated 
strategies to handling climate change and land use/land cover impacts induced soil 
fertility loss. Further studies could investigate farming households’ willingness to 
adopt the investigated strategies as well as significant specific factors that hinder or 
promote the utilisation of the identified strategies to combat climate change and land 
use and land cover impacts in the basin. 
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Chapter 29 
Can Biostimulants Mitigate the Negative 
Impact of Climate Change 
on Oliviculture? 

Maria Celeste Dias , Rui Figueiras, Marta Sousa, Márcia Araújo , 
and Conceição Santos 

Abstract The increase of extreme climate events in the Mediterranean region repre-
sents a threat to oliviculture, one of the most important agricultural sectors in this 
region. Therefore, it is urgent to develop sustainable strategies that can help to miti-
gate the impact of climate change on olive production. The application of eco-friendly 
compounds, such as biostimulants, promote plant growth and yield, and seems to 
alleviate stress negative effects. This study aims to elucidate the effects of a bios-
timulant pretreatment on the water status and antioxidant battery of Olea europaea 
plants under well-watered and drought stress conditions. Potted young olive trees 
were randomly divided in two groups, one was sprayed with a biostimulant based 
on Ascophyllum nodosum extract and the other with water. Then, both groups were 
subdivided in two and exposed to drought and well-watered conditions, respectively. 
Drought stress treatment reduce water availability, carbohydrates levels and total 
flavonoids. However, biostimulant application under drought conditions helps to 
maintain the leaf water content and to accumulate more antioxidants, such as total 
phenols and flavonoids. Total soluble sugar levels were not affected by the bios-
timulant application under drought conditions. Starch was more responsive to the 
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biostimulant, increasing in both treatments, well-watered and drought. These results 
show that this biostimulant can induce stress tolerance and alleviate drought negative 
effects on olive. 

Introduction 

Olive culture has a strong socio-economic impact in several countries of the Mediter-
ranean basin since there is produced around 95% of the world olive oil (Fraga et al. 
2021). Spain is the world leader in olive oil production, being Greece, Italy, Portugal, 
Tunisia, Syria, Turkey and Morocco also important countries in the oliviculture 
sector, contributing in large part for the world olive oil marketing (Sales et al. 2020; 
Fraga et al. 2021). The awareness of the benefits of olive oil to the human health 
boosted the consumption and production of olive oil, and the expansion of olive 
culture outside the Mediterranean basin to countries like China, Australia and Brazil 
(Dias et al. 2019). Furthermore, to feat the increasing demand of olives and the need of 
higher profitability, the traditional dry-farming/rainfed orchards in the Mediterranean 
region are being replaced by intensive and super intensive orchard growing-system. 
These systems are characterized by high-density orchards that use usually specific 
varieties well adapted to the region climate and to the mechanical harvesting and 
pruning, but with high needs of irrigation and agrochemicals (Fraga et al. 2021). 
Nowadays it is estimated that around 70% of worldwide olive orchards use irrigation 
(Romero-Trigueros et al. 2019), but despite the advantages (e.g., increase of olive fruit 
yields and size) of this agricultural practice, the current scenario of climate change 
and future persistence of extreme climatic events impose a need to develop sustain-
able practices towards both improving olive resilience to climate change challenges, 
while rationalizing the use of water in olive groves (Fotia et al. 2021). 

The increase of frequency of extreme weather events (characterized by long 
periods with low or absent precipitation accompanied by high temperature and UV 
episodes) due to climate change exerts a dramatic challenge to the agriculture sector. 
The Mediterranean region is particularly susceptible to this scenario of climate 
change, and negative impacts on typical crops of this region are already visible, 
mostly due to changes in precipitation patterns causing severe drought conditions 
(Brito et al. 2019; del Pozo et al. 2019). For instance, the olive tree is well adapted to 
the harsh environmental conditions of the Mediterranean region, but the increasing 
of the frequency and fierceness of extreme weather events represents a threat to this 
culture (Brito et al. 2019; Dias et al. 2018 and 2020). Recent data support the suscep-
tibility of this species to the already ongoing extreme climate events, appointed to, 
changes in olives and olive oil quality, alterations in the phenological times, and 
enhance in the vulnerability to pest and diseases (Brito et al. 2019; Fraga et al. 
2021). Olive plants developed some morphophysiological mechanisms to cope with 
drought and heat conditions, such as a good capacity of stomatal control, osmotic 
adjustment, and high root water uptake (Brito et al. 2019). However, severe stress
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conditions can simultaneously expose plants to extreme heat, drought and exces-
sive PAR/UV-radiation, reducing olive water availability, impairing photosynthesis, 
decreasing stomatal conductance, inducing oxidative stress, and shifting multiple 
secondary metabolic pathways of the plant (Silva et al. 2018; Araújo et al. 2019 and 
2021). Under such conditions, the light energy absorbed by the plants usually exceeds 
the one necessary for photosynthesis, leading to an uncontrolled increase of reac-
tive oxygen species (ROS) formation, which cause oxidative damages (Silva et al. 
2019). Plants have several mechanisms to control the level of ROS. For instance, the 
antioxidant system, comprising the enzymatic and non-enzymatic antioxidants, can 
help to scavenger free radicals/ROS, decreasing the level of oxidative stress (Dias 
et al. 2014). Several antioxidant enzymes (guaiacol peroxidase, ascorbate peroxi-
dase, glutathione reductase, superoxide dismutase and catalase) and non-enzymatic 
antioxidants, like phenolic compounds (e.g. the flavonoids luteolin-7-O-glucoside, 
quercetin-3-O-rutinoside, apigenin-7-O-glucoside and the secoiridoid oleuropein) 
(Araújo et al. 2021; Dias et al. 2019, 2020, 2021), ascorbate and glutathione were 
described to have an important role in olive stress protection. 

Olive fruit’s development and quality are also strongly influenced by climatic 
events (Valente et al. 2020; Fraga et al. 2021). For instance, water-deficit might 
negatively affect the fruit yield and oil accumulation, but accelerates the maturation 
of olives (Brito et al. 2019). Concerning the fruit and olive oil, the observed trend is to 
improve the quality due to the increase of the levels of some important polyphenols, 
changes in the quantitative profile of fatty acids and minor effects on free acidity, 
peroxide value, and specific absorption coefficients (K232, K270,ΔK) (Machado et al. 
2013; Caruso et al. 2014; Brito et al. 2019). Thus, in the balance of the impact of the 
climate change on productivity, both yield versus quality must be considered, and if 
the yield loss remains within a sustainable threshold, it may be compensated by the 
gain in quality. 

Considering the challenges posed by climate change, particularly the water 
shortage, it urges the necessity to implement sustainable agriculture management 
practices with a more reasonable use of irrigation water and able to satisfy the growing 
demand of food. In the last years, new eco-friendly compounds, like biostimulants, 
have been emerged, opening perspectives to make agriculture more sustainable and 
resilient. The biostimulants are natural substances (e.g., algae and amino acids) or 
microorganisms that can increase plant yield and fruit quality under both optimal 
and stress growth conditions (Shukla et al. 2019). Biostimulants’ application in 
plants (foliar or in the soil, near the root zone) influence various metabolic processes 
and signalling cascades leading to the improvement of plant water content, nutrient 
uptake, photosynthesis, and chlorophyll content (Shukla et al. 2019). Another advan-
tage of the use of biostimulants is that they are biodegradables and not toxic to humans 
and environment. 

Biostimulants can be obtained from several natural sources, and the ones prepared 
from seaweeds extracts are very successful on the market (Staykov et al. 2021). 
Within the seaweed biostimulants, those based on the brown algae Ascophyllum 
nodosum are very used in agriculture (Staykov et al. 2021). The seaweed A. nodosum 
is rich in carbohydrates, and also vitamins, lipids, hormones, minerals, proteins and
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phenolic compounds (Pereira et al. 2020). The biostimulants based on extracts of 
this algae have been reported to act as priming agents, inducting molecular and 
physiological defense mechanisms that lead to enhanced tolerance to stress (Kerchev 
et al. 2020) (Fig. 29.1). A. nodosum extracts act in the upregulation of several genes 
involved in photosynthesis and ROS scavenging (Shukla et al. 2019). In model species 
(e.g. Arabidopsis and lettuce), several crops (e.g. tomato, pepper, soyabean, spinach 
and bean) and fruiting species (e.g. limon and orange tree) priming with A. nodosum 
extracts have been shown to improve plant water status via the modulation of ABA 
signal and induction of partial stomata closure, increase nutrient uptake, reduce ROS 
production and membrane damages through the enhance of the plant antioxidant 
system under drought stress conditions (Shukla et al. 2019; Baltazar et al. 2020). 
In olive, research on biostimulants is scarce. Chouliaras et al. (2009) demonstrated 
the beneficial effects of the application of A. nodosum in an olive rainfed orchard, 
improving productivity and oil nutritional value (increase of oleic and linolenic acids 
levels). Almadi et al. (2020) demonstrated that in young potted and well-watered olive 
trees, the application of a biostimulant based on protein hydrolysates increased tree 
biomass, photosynthesis and stomatal conductance, but did not change fruit yield 
and oil content. Nevertheless, the effects of biostimulants on plant response to stress 
depends on several factors, that include between others, species/genotype, type of 
stress, and biostimulants dose, time and application mode (Baltazar et al. 2020; 
Staykov et al. 2021). 

Fig. 29.1 Benefits of A. nodosum extract application in plants exposed to abiotic stresses
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Aims and Objectives 

The Mediterranean region is the main contributor for the world’s oil production, and, 
in the last 15 years, olive oil world consumption increased substantially. To face 
this world’s increased demand of olives and olive oil, the traditional dry-farming/ 
rainfed orchards have being replaced by high-density orchards with more necessities 
of irrigation and agrochemicals, but with higher profitability. Unfortunately, these 
intensive practices lead to land overuse, soil salinization, desertification, deforesta-
tion, and, ultimately, to environmental degradation of the ecosystems. This challenge 
is aggravated by the ongoing increase of extreme episodes of drought and/or heat 
associated to climate change that are already threatening olive groves in the Mediter-
ranean basin. Thus, it is urgent to implement more sustainable olive management 
practices to improve the rates of productivity under climate change scenarios, namely 
under a global water scarcity. The main objective of this study was to unveil the 
effect of the application of a commercial biostimulant based on A. nodosum extract 
on the tolerance of olive plants to water-deficit stress. In particular, we aimed to 
quantify the benefits of this biostimulant on plants of Arbequina, a cultivar highly 
used in intensive irrigated groves, and assess if the biostimulant protected plants 
under prolonged drought stress regarding water status, and by modulating the carbo-
hydrate metabolism, and the secondary metabolism of phenols, to counteract the 
putative oxidative stress generated by the drought stress conditions. 

Material and Methods 

Olea europaea L. (cultivar Arbequina) plants with three years old were kindly 
provided by Viveiros Miguel Vaz (Semide, Coimbra, Portugal). Plants grew in black 
pots with 3L of turf at the Botanical Garden of the University of Coimbra (Portugal). 
Olive plants were randomly distributed in two groups. One group was assigned as 
biostimulant treatment and was treated (at the days 17/03/2020, 30/06/2020, 07/07/ 
2020 and 14/07/2020) with an extract of Ascophyllum nodosum (Fitoalgas Green©, 
Tradecorp). The other group was assigned as control and was treated with distilled 
water. For the biostimulant treatment, each plant was sprayed with 200 mL (3 mL 
of biostimulant/L water). In the last day of the biostimulant treatment, all plants 
were irrigated at 100% field capacity (FC). The group assigned as biostimulant was 
subdivided in two groups—treated with biostimulant and well-watered at 100% FC 
(B-WW), and—treated with biostimulant and watered only at 50% FC, representing 
a water-deficit condition (B-WD). The group assigned as control was also subdi-
vided in two groups: - without biostimulant treatment and well-watered at 100% FC 
(WW), and—without biostimulant and exposed to water-deficit, watered only at 50% 
FC (WD). The field capacity in the pots was evaluated two times per week and the 
water replaced when necessary. After 69 days under these treatments, leaves were 
collected for leaf water status, carbohydrates, and antioxidants determination.
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Leaves were collected, immediately weighted for the determination of the fresh 
weight. Then, the leaves were dried at 80 ºC and the dry weight determined. Plant 
water content was calculated as: 

WC (% ) = (fresh weight − dry weight)/(fresh weight) × 100 

For total soluble sugars (TSS) determination, leaves were homogenized with ethanol 
at 80% (v/v) and incubated for one hour at 80 °C (Dias et al. 2019). After centrifuga-
tion (6000 g for 10 min at 3 °C) the supernatant was mixed with an anthrone solution 
(40 mg anthrone dissolved in 1 mL dH2O: 20 mL H2SO4) and placed in a bath at 
100 °C for 10 min, as described in Irigoyen et al. (1992). After cooling in ice, the 
samples were centrifuged as described before. The absorbance of the supernatant 
was measured at 625 nm in a Multilabel Reader (EnSpire™, PerkinElmer, Norwalk, 
USA). TSS content was calculated using a calibration curve with glucose. 

The level of starch was determined according to Osaki et al. (1991). The pellet 
resulted from the TSS extraction was used for starch extraction. After washing the 
pellet three times with ultrapure water, perchloric acid (30%, v/v) was added and 
the mixture incubated for one hour at 60 °C. Then, the mixture was centrifuged 
for 10 min at 10,000 g and 3 °C. The supernatant was collected and mixed with 
an anthrone solution (described above for TSS). After an incubation at 100 °C for 
10 min samples were centrifugated for 10 min at 5000 g and 3 °C. One aliquot was 
collected and the absorbance was read at 625 nm in a Multilabel Reader (EnSpire™, 
PerkinElmer, Norwalk, USA). Starch level was calculated using a calibration curve 
with glucose. 

For the determination of total phenols, orthodiphenols and flavonoids, leaves 
(100 mg) were homogenized with 1.25 ml of methanol and incubated for 30 min at 
4 °C. Then the homogenate was centrifuged for 5 min at 4000 g at 5 °C, and the 
supernatant was used for analysis. Total phenols content was determined according 
to López-Orenes et al. (2018). An aliquot of the leaf extract (5 µL) was homogenized 
with a mixture of 405 µL of Folin-Ciocalteu and 75 µLNa2CO2 at 20%. The samples 
were incubated for 30 min at 37 °C. The absorvance of the mixture was read at 765 nm 
in a Multilabel Reader (EnSpire™, PerkinElmer, Norwalk, USA). Total phenols were 
determined using a calibration curve of gallic acid. Orthodiphenols were determined 
using the molybdate assay according to Giertych et al. (1999). An aliquot of the leaf 
extract (5 µL) was mixed with 10 µL of sodium molybdate (5% w/v in 50% methanol) 
and after incubation for 15 min at 20 °C the absorbance was measured at 370 nm 
in a Multilabel Reader (EnSpire™, PerkinElmer, Norwalk, USA). Orthodiphenols 
were calculated using a calibration curve of gallic acid. Flavonoids were determined 
according to López-Orenes et al. (2018). An aliquot of the leaf extract (5µL) was 
mixed with 37.5 µL of methanol, 75µL of NaNO2 at 5%, and 75 µL AlCl3 at 10%. 
After homogenization the samples were incubated for 6 min in dark. 125 µL of  
NaOH (1 M) was added and the absorbance measure at 510 nm in a Multilabel Reader 
(EnSpire™, PerkinElmer, Norwalk, USA). Flavonoids content was calculated using 
a calibration curve of rutin.
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A total of 33 plants were used in this experiment, 8–9 per treatment. The data 
obtained were analyzed with the program SigmaPlot for Windows version 4.0. Two-
way ANOVA was used to assess the effects of the factors watering (W) and bios-
timulant (B), and their interaction (WxB), on olive physiological performance and 
antioxidant profile. Pairwise differences among groups were compared by the post-
hoc test Holm–Šidák, and the significance level of 5%. Data are presented as mean 
± standard deviation. The treatments WD and B-WW were not compared in this 
statistical analysis. 

Plant Water Status and Carbohydrate Responses 
to Biostimulant Treatment 

Climate change events persistence in the Mediterranean region represent a threat 
for agricultural production, particularly for many crops typically of this region, as 
the case of Olea europaea. Several studies have demonstrated that beside the high 
tolerance of this species to abiotic stresses (e.g., Dias et al. 2020 and 2021; Araújo 
et al. 2019 and 2021), physiological performance and yield can be compromised by 
climate extreme events (Brito et al. 2019). 

The watering and biostimulant factors tested here induced several changes in 
the physiological response of olive plants (Fig. 29.2). This species presents several 
strategies to conserve the water status, such as good control of the stomata aperture or 
osmotic adjustment, under drought conditions (Brito et al. 2019). However, a decrease 
of the leaf water status under severe drought was reported by Silva et al. (2018) and 
Araújo et al. (2019) in young olive plants exposed to water withholding for one month. 
Also, in the present work an effect of the factor watering was observed (Fig. 29.2a). 
The water-deficit condition applied for a long period (69 days at 50% of the FC) 
reduced the leaf water content in olive plants of the water deficit treatments (WD and 
B-WD) compared to their controls (WW and B-WW, respectively). These results 
highlight that water-deficit stress can affect negatively olive water status. However, 
the factor biostimulant was also significant. The application of biostimulant (B-WW 
and B-WD treatments) increased the availability of the leaf water content (Fig. 29.2a). 
A beneficial effect of biostimulants’ application was also observed in Arabidopsis, 
hazelnut, sweet cherry and soybean species, where A. nodosum helped to maintain 
a high-water content under drought conditions (Santaniello et al. 2017; Shukla et al. 
2018; Cabo et al. 2020; Correia et al. 2020). For some species, A. nodosum positive 
effects are related to stomata closure, which prevent excessive water loss due to 
transpiration (Santaniello et al. 2017). Under drought conditions A. nodosum induce 
ABA biosynthesis through the upregulation of 9-cis-epoxycarotenoid dioxygenase 
(NCED3) gene expression resulting in a reduction of the stomatal aperture and can 
also downregulate the expression of MYB60 gene that participate in the regulation 
of stomata aperture movements (Shukla et al. 2018 and 2019; Staykov et al. 2021).
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Fig. 29.2 Leaf water 
content (A), total soluble 
sugars (B) and starch 
(C) contents in Olea 
europaea plants exposed to 
well-watered (WW), 
water-deficit (WD), 
biostimulant + 
well-watered (B-WW), and 
biostimulant + water-deficit 
(B-WD) treatments. Data are 
presented as mean ± 
standard deviation (n = 6–8). 
W—actor watering, 
B—factor biostimulants, W 
× B—interaction between 
the factor watering and 
biostimulant. 
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One of the end products of photosynthesis are the carbohydrates, that provide the 
necessary energy for plant growth, development, and survival (Camisón et al. 2020). 
In olive, TSS was only affected by the factor watering, but the starch was affected 
by the factors watering and biostimulant (Figs. 30.2b and c). Water-deficit reduced 
the levels of TSS (WD and B-WD treatments). Also, the lowest levels of starch were 
observed in plants exposed to water-deficit (WD and B-WD), but the biostimulant 
increased the pool of this carbohydrate (B-WW and B-WD treatments). Under stress 
conditions, as the case of water-deficit, a higher use of soluble sugars may occur due



29 Can Biostimulants Mitigate the Negative Impact of Climate Change … 611

to a greater need of these carbohydrates to maintain growth (Thalmann and Santelia 
2017). Also, stress can increase the remobilization of starch to restore soluble sugars 
pools when photosynthesis is potentially limited by stress (Thalmann and Santelia 
2017), or to produce other derived metabolites that help to sustain growth and to 
mitigate the stress negative effects (e.g. osmoprotectors) (Krasenky and Jonak 2012). 
In olive, the biostimulant improved the accumulation of starch (particularly under 
well-watered conditions), possibly due to a stimulation of the carbon metabolism or 
the activity of the enzymes related to the synthesis of this carbohydrate, as reported 
by Wadas et al. (2020). This increase of starch represents a higher availability of 
reserve sugars in olive plants. Different results were obtained in maize, sweet cherry, 
and grapevine plants were the biostimulant A. nodosum application under drought 
condition stimulated the levels of TSS, but starch levels were not affected (Baltazar 
et al. 2020; Correia et al. 2020). 

Antioxidant Responses to Biostimulant Treatment 

Biostimulants are considered as substances which, besides enhancing growth and 
yield of plants, also improve antioxidant defense (Baltazar et al. 2020). The appli-
cation of biostimulants (based on seaweed extracts) in several species was able to 
alleviate the symptoms of oxidative stress under drought conditions, by inducing the 
accumulation of non-enzymatic antioxidants, such as phenolic compounds, and acti-
vating the enzymatic antioxidant system (Shukla et al. 2019; Baltazar et al. 2020). 
In olive plants we analysed the levels of non-enzymatic antioxidants and an interac-
tion between the factors, biostimulant and watering, was observed for total phenols 
and orthodiphenols (Figs. 30.3a and b). Olive plants treated with biostimulant and 
exposed to water-deficit (B-WD) showed the highest levels (p < 0.05) of these antiox-
idants. The level of total flavonoids was also affected by the factor biostimulant and 
by the water regime separately (Fig. 29.3c). The water-deficit treatment decreased the 
levels of total flavonoids in olive plants, while the biostimulant treatment increased 
the pool of these antioxidants (B-WW and B-WD). In general, our results indicated 
that biostimulant can stimulate the levels of some antioxidants, particularly under 
water-deficit conditions. Also, these results corroborate the work of Fan et al. (2013), 
Elansary et al. (2016a, b) and Shukla and Prithiviraj (2021) which demonstrated that 
A. nodosum treatment under drought stress induced the stimulation of non-enzymatic 
and also enzymatic antioxidants. This stimulation can be in part related to an upregu-
lation of important genes of the secondary metabolism associated with stress protec-
tion, such as flavonol synthase 1, dihydroflavonol-4-reductase and chalcone synthase, 
or genes involved in oxidative stress control, such as L-ascorbate peroxidase 2, and 
CAT1, 2 and 3 (Shukla et al. 2019).

The role of biostimulants in the stimulation of the phenylpropanoid pathway under 
stress condition was also highlighted by Koleška et al. (2017). This biosynthetic 
pathway is responsible for the synthesis of several phenolic compounds with antiox-
idant properties, such as flavanols and flavones (Dias et al. 2021). Moreover, a positive
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Fig. 29.3 Total phenols (A), 
orthodiphenols (B), and total 
flavonoids (C) of Olea 
europaea plants exposed to 
well-watered (WW), 
water-deficit (WD), 
biostimulant + 
well-watered (B-WW), and 
biostimulant + water-deficit 
(B-WD) treatments. Data are 
presented as mean ± 
standard deviation (n = 6–8). 
W—factor watering, 
B—factor biostimulants, W 
× B—interaction between 
the factor watering and 
biostimulant. Asterisk (*) 
means significant differences 
(p < 0.05) between 
treatments.

correlation between polyphenols synthesis and the activities of glucose 6-phosphate 
dehydrogenase responsible for sugars mobilization was also demonstrated in tomato 
plants (Koleška et al. 2017). In olive, the increase in the pool of total phenols and 
orthodiphenols in response to biostimulant under water deficit (B-WD in Fig. 29.3A 
and B) together with the reduction of soluble sugars (B-WD in Fig. 29.2b), can 
also suggest a mobilization of these carbohydrates to the phenylpropanoid pathway 
(Randhir and Shetty 2007).
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Conclusions and Recommendations 

Extreme climate events are increasing in frequency, extension and strength in the 
Mediterranean region representing a threat to olive culture, one of the main agricul-
ture sector of this region. Our results also corroborate that drought stress can reduce 
olive performance, decreasing olive water and carbohydrates availability. However, 
A. nodosum extract use can help to reduce these negative effects, increasing leaf 
water content and the availability of reserve sugars in olive plants not only exposed 
to drought stress, but also under well-watered conditions. In addition, this biostim-
ulant stimulate the antioxidant system, particularly the levels of total phenols and 
orthodiphenols, to counteract the putative oxidative stress generated by the drought 
stress conditions. These results highlight the potential of biostimulants based on A. 
nodosum extract to mitigate the negative impacts of stresses related to climate change, 
increasing olive performance and stress tolerance. Moreover, even under optimal 
growth conditions the use of this biostimulant is a valuable sustainable strategy to 
improve plant performance. 

These results, obtained under controlled conditions, support the use of this bios-
timulant as environmentally sustainable alternatives to agrochemicals, aligned with 
the Farm to Fork European strategy. Interestingly, the environmental impact of adding 
biostimulants to the field remains poorly studied, as stressed by Yakhin et al. (2017). 
Also, before their wider use in oliviculture, it is important to transfer our results, 
obtained with potted young plants, to adult trees at field conditions. Monitoring for 
several years the effects of biostimulants in the field, where multiple biotic/abiotic 
stressors act simultaneously in combination, will provide more accurate information 
on the real benefits of the biostimulants on modulating the olive trees’ water status, 
carbohydrates, and antioxidant battery. These field assays will also give insight on 
the need to adjust the biostimulant’s formulation/doses to the orchard characteristics 
(soil, cultivars, and cultural practices). These assays will also provide the needed 
information on the impact of the biostimulants on the orchard’s productivity, and 
fruit and oil quality. A final evaluation of the costs-benefits by the producers is also 
crucial to assess the potential acceptance of this strategy by the producers. 
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Chapter 30 
The Vulnerability of Small-Scale 
Fisheries-Based Livelihoods to Climatic 
and Non-Climatic Stressors in Kani 
Ward, Binga, Zimbabwe 

Douglas Nyathi , Joram Ndlovu, Thulani Dube , Prince Mathe, 
and Bakani Mathe 

Abstract Fisheries are a leading livelihood portfolio supporting food and income 
security in developing countries. This study interrogated the susceptibility of fish-
eries to climate change and their contribution as a livelihood strategy for commu-
nities living in Kani ward, Binga. The study sought to evaluate the contribution 
of fisheries towards the sustainability of household livelihoods and the impact of 
climate change and multi-stressors on these fisheries-based livelihoods. We adopted 
a primarily qualitative approach. The results show that fishing is an important liveli-
hood strategy for the Kani ward community. Fisheries were found to be capacitating 
households with various assets that include livestock, houses, refrigerators, cars and 
fishing rigs. Furthermore, fishing was found to be contributing to increased food 
production, household incomes, poverty reduction, better access to education, nutri-
tion and health. Despite the contribution of fisheries as a livelihood strategy, it was 
found to be susceptible to climate variability and other multi-stressors. Multiple 
stressors included the cost of fishing permits and hawkers’ licenses, poor infrastruc-
ture and COVID-19. The dynamic interaction of these stressors with climate change 
contributed to the vulnerability of livelihoods based on fisheries. The study concludes 
that small-scale fishing can buffer marginalised people against shocks since they can 
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enter and exit at a reasonably low cost. In order to address the challenges of climate 
change, the government needs to develop a climate change adaptation plan specific 
to fisheries, invest in data on small-scale fisheries, align fishing payment policies and 
improve household access to natural resources to ensure sustainable use of fisheries 
as an environmentally viable livelihood strategy. 

Abbreviations and Acronyms 

DFID Department for International Development 
FAO Food and Agriculture 
HIV Human Immuno-Deficiency Virus 
IPCC Inter-governmental Panel on Climate Change 
SSF Small-Scale Fisheries 
STI Sexually Transmitted Diseases 
UNSD United Nations Statistical Department 
ZPWMA Zimbabwe Parks and Wildlife Management Authority 

Introduction 

Fisheries are a leading livelihood portfolio supporting food and income security in 
developing countries. Over half a billion people globally are supported by fisheries for 
their livelihoods (UNSD 2022), which also ensures employment, and other income 
generation activities (Muringai et al. 2020b; Funge-Smith and Bennett 2019; Utete 
et al. 2019). It is estimated that 52.8 million people engage in small-scale fisheries 
globally (Nico and Christiaensen 2022). Fisheries employ approximately 37 million 
people, around 90% of whom are from Asia (FAO 2020, 2021). Two-thirds of the 
global fish production are split between China and the rest of Asia with the Americas, 
Europe and Africa providing 14%, 10% and 7% of global fish supply, respectively 
(Belton 2021). In sub-Saharan Africa, it is estimated that up to 10 million people 
are employed in small-scale fisheries, with 3000 people being employed directly 
in fisheries in Zimbabwe (Muringai et al. 2020a). Amongst poor communities in 
Africa, small-scale fisheries have long been observed to provide a safety net against 
extreme poverty and food insecurity (Gandiwa et al. 2012; Béné and Merten 2008). 
Marginalised and disenfranchised communities tend to rely on ecosystem services 
such as fishing, hunting and gathering (Dube et al. 2021). In several countries, inland 
small-scale fisheries provide various services to local communities which include 
food security, poverty alleviation and revenue generation (Limuwa et al. 2018; Utete 
et al. 2018; Ogutu-Ohwayo et al. 2016). Fisheries are particularly suitable as a liveli-
hood strategy in poor communities because they require relatively fewer resources 
to exploit (Shava and Gunhidzirai 2017; Smith et al. 2005).
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A survey of the literature shows that very limited attention has been directed 
towards the influence of climate variability on inland fisheries ecosystems consid-
ering that millions of people in developing countries are dependent on inland small-
scale fisheries value chains (Allison et al. 2009). People who work in the fisheries 
value chain include amongst others, fishers, fish traders, processors and support staff 
in the value chain (Allison et al. 2009). In the context of long-term shifts in weather 
patterns and increasing temperatures, it is important to appreciate how communi-
ties respond to multiple stressors in small-scale fisheries in order to develop effec-
tive adaptation strategies. Multiple stressors can be defined as socio-economic and 
environmental changes at local and global scales which make communities vulner-
able. Current studies have mostly examined the linear interaction between climate 
change and fisheries (Isaacs et al. 2020; Freduah et al. 2017) and have neglected 
other multiple stressors to fisheries-based livelihoods. Researchers agree that there 
is limited knowledge available about the effects of climate change on fisheries-based 
livelihoods in the Zambezi valley, particularly around Lake Kariba. 

Definition of Small-Scale Fisheries (SSFs) 

SSF are categorized based on their intensity in terms of labour when harvesting fish, 
they use reasonably smaller vessels for fishing, they happen closer to the shore, they 
achieve relatively low catch per boat with limited capital injection. As a result of these 
characteristics, the returns from SSFs are limited and the communities that engage 
in this livelihood are amongst the poorest in developing countries (Muringai et al. 
2020b). In some literature, SSF are defined as ‘artisanal fishing’ that is typically 
characterised by low level technology, limited capital investments and is mostly 
undertaken by individuals and households and not companies (Ndhlovu et al. 2017). 

The Climate Change and Small-Scale Fisheries Nexus 

Global evidence shows that as the climate changes, this will also be accompanied 
by human population, ecosystems and species changes. This is expected to have 
profound consequences for fisheries (Allison et al. 2009). To be able to effectively 
predict the effects of climate change on SSF, it is important to understand the char-
acteristics of the fishing communities and the factors that affect their capacity to 
adapt. Small-scale fishing has a safety net function since it can absorb unskilled 
excess labour by supporting pluralism in different occupations through a combina-
tion of farming (livestock and crops) and fishing (Nico and Christiaensen 2022). 
The vulnerability of small-scale fishing communities is a construct of several factors 
including the severity of extreme climate events, the socio-economic conditions of 
the communities as well as the adaptation strategies that they pursue (Allison et al. 
2009). The impact of climate change on fisheries varies by the type of fishery and
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geographical location. In coastal areas, some of the major effects of climate change 
include the salination of water due to thermal expansion and sea-level rises. 

The research conducted in the Lake Kariba area shows that rainfall has been 
declining over the years, the water temperature has warmed by about 2 °C and evap-
oration rates have also significantly increased (Muringai et al. 2020a). Scientists have 
underscored the point that because fish are cold-blooded (poikilothermic) they are 
significantly impacted by warming temperatures. Warming temperatures are specif-
ically expected to affect their rate of growth, metabolism, reproduction, size and 
distribution amongst other things (Muringai et al. 2020a). Projections show that in 
Africa, temperature increases induced by climate change will progress faster than 
in the rest of the world. It is estimated that temperatures will rise by between 3 °C 
and 6 °C by 2050. This will be accompanied by a decrease in rainfall in the drier 
tropics (Muringai et al. 2020a). Fisheries are highly sensitive to changes in climatic 
conditions due to their dependency on local ecologies (Muringai et al. 2020a). In 
view of these projections, their resilience will partly depend on their adaptability to 
emerging climate change impacts and other stressors (Freduah et al. 2017). 

Some researchers have warned that overlooking the effect of climate change on 
the ecosystems in developing countries could lead to devastating consequences for 
the fishing industry, particularly in Zambia and Zimbabwe (Ndebele-Murisa et al. 
2011a). A study conducted by Ndebele-Murisa and Mashonjowa (2011b) in Lake  
Kariba showed that since 1963, rainfall has been declining at an annual rate of 
0.63 mm per year. The rate of evaporation has increased by approximately 31% over 
the same period. The reduction in the amount of Kapenta fish caught in Lake Kariba 
has largely been attributed to climate change (Ndebele-Murisa et al. 2011b). The 
impact of climate change at Lake Kariba is evidenced by the continued decline in 
fish catches (Ndhlovu et al. 2017). According to Utete et al. (2018), fish catches at 
Lake Manyame in Harare have been declining since 2006 and they continue to show 
a downward trend. The declining trend is associated with extreme changes in weather 
conditions including stronger winds and increased temperatures (Utete et al. 2018). 
The increasing frequency of extreme weather changes and a decrease in rainfall have 
altered the distribution and productivity of different fish species. 

Other Multiple Stressors 

In order for the fisheries sector to adapt to climate change, the impact of fisheries 
at a global and local scales needs to be understood and their interaction with the 
global environmental change and other social and economic factors in which they 
operate (Bennett et al. 2015). Climate change-related stressors that have been identi-
fied globally include rising sea levels, salination of coastal water sources, worsening 
storm events and erosion. Other observed environmental factors also include water 
pollution, overfishing and landslides (Bennett et al. 2015). Some non-climate stres-
sors observed elsewhere include competition with other users of water and neglect by
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government institutions (Freduah et al. 2017). Competing water uses include munic-
ipal water supplies, hydro-power generation and irrigation. When combined with 
climate change, inland pollution activities such as contamination, littering, water 
pollution and wastewater runoff, have a significant effect on the sustainability of 
fisheries (Funge-Smith and Bennett 2019). In Malawi, the non-climatic stressors that 
have been observed around Lake Victoria include, amongst others, the growth of land 
demarcated for agriculture, population growth and settlements, intensive fishing and 
the effects of exotic species introduced to the Lake. Because of the convergence of 
these factors with climatic effects, it is argued that Lake Victoria has experienced a 
significant reduction in fish catches over the years (Hecky et al. 2010). In Malawi, 
some fisheries have collapsed due to multiple stressors that include weak governance 
structures, overfishing and climate change-related effects. 

Study Objectives 

The main objective was to explore the effect of climate and non-climate stressors 
on SSF in order to establish possible pathways for strengthening local livelihood 
portfolios. The following sub-objectives underpinned the study: 

i. To examine the main livelihood portfolios used by small-scale fishers in Kani 
Ward; 

ii. To discuss the impact of climate and non-climate stressors on fisheries-based 
livelihoods; and 

iii. To determine how local communities, adapt to climate change in the advent of 
dwindling fish catches in Lake Kariba. 

Case Study, Materials and Method 

Study Site 

Kani Ward is located on the lakeside of Lake Kariba. On the Zimbabwean side, Lake 
Kariba is split into five hydrological and geomorphic zones that are demarcated by 
subsidiary rivers. The focus of the study was mainly on the fishing basin in Kani 
ward. The Kani ward basin is one of the five identified hydrological zones. Because 
of the marginalised state of the area, data about the communities being studied is 
limited. The majority of households in the areas surrounding Lake Kariba depend to 
a varying extent on small-scale fisheries for livelihoods. The fishing method which 
is mostly practiced in gillnet fishing can be described as fishing using nets. This 
is a low-cost fishing method often employed by poor communities (Muringai et al. 
2020b). The Zambezi River is the fourth largest river in Africa with a length of 
2574 km and it passes through eight countries in Africa (Tweddle et al. 2015). Lake
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Kariba is found on the Zambezi River which forms the border between Zambia and 
Zimbabwe. The lake was constructed between the years 1958 and 1963 by putting a 
dam wall on the Zambezi River. Lake Kariba is an artificial lake that is the second 
largest in the world. It has a capacity to store 185 million cubic meters of water. It 
stretches for a distance of approximately 280 km in length and it covers a surface area 
of 5580 km2 (Ndhlovu et al. 2017). The lake is primarily regulated by the Zimbabwe 
Parks and Wildlife Management Authority (ZPWMA) and the relevant rural district 
local councils (Ndhlovu et al. 2017). The Statutory Instrument 362 of 1990 under 
ZPWMA prohibits crop farming and livestock rearing in the proximity of the lake 
(Ndhlovu et al. 2017). There are over 35 fishing villages dotted around the lake. These 
villages mostly comprise households who were moved from the lake area during its 
construction. Kani ward village was chosen due to its accessibility and proximity to 
Lake Kariba. The village is unique considering the number of community members 
who rely on fishing to sustain their livelihoods. Households are allowed to harvest 
fish as a source of income (for commercial purposes) and sustenance using primitive 
boats and nets. The village has been negatively affected by climate change and poor 
rainfall resulting in the scarcity of fish. Fishing being almost the only viable livelihood 
option in the area, fish populations have been depleted due to overfishing. As can be 
seen from Fig. 30.1, Kani ward village is close to Sinakoma, singalenge, Manjolo 
and Simatelele. Generally, Binga is surrounded by Nyaminyami, Gokwe, Lupane, 
and Gokwe. Zambezi river separates Zimbabwe from Zambia. 

Fig. 30.1 The map showing the Villages in Binga (Source Authors)
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Figure 30.1 shows the villages that are closer to the Zambezi river and depend on 
fishing for livelihood. 

Research Approach and Tools 

A case study approach was chosen for the study to enable the researchers to gain 
insight into livelihood options available to fisheries dependent households. A case 
study approach was used because the data is most often examined within the context 
in which it is used (Yin 2018), that is, examining the activity within its natural setting. 
A case study allows the use of multiple evidence or data needing to converge in a 
triangulation fashion (Yin 2018). By using a case study design, researchers wanted 
to capture the diverse perceptions of participants in order to illuminate the influence 
of different meanings on the topic being studied. Field work included visits to the 
study area so as to familiarize the researchers with the context in which the study 
was being done. Specifically, pre-data collection visits assisted the researchers in 
understanding the social, cultural, economic and environmental characteristics of 
the study areas. We also took advantage of such visits to pre-test our data collection 
tools. The purpose of pretesting tools was to ensure that the tools answer the research 
question and to see to it that the participants struggle to answer the questions. Purpo-
sive sampling was adopted for the identification and selection of study participants. 
This sampling approach allowed us to select knowledgeable participants about the 
phenomenon under investigation (Creswell and Plano-Clark 2011). Data collection 
was done through document analysis, one focus group discussion (6 key informants), 
and thirty in-depth interviews (30). In-depth interviews were used in this study to 
gain insight into the dynamics of fisheries-based livelihoods in the context of climate 
change. 

The majority of the questions were open-ended to allow the participants to express 
their own views (Lucas et al. 2018). An interview schedule asked about the main 
livelihood portfolios used by small-scale fishers in Kani Ward. The data collection 
tool was carefully analysed and the additional key areas were identified and explored 
in detail with key informants through a focus group discussion (Lucas et al. 2018). 
The focus group was comprised of key informants who were a mix of selected indi-
vidual household members, government officials and Non-Governmental Organisa-
tions. Focus group discussion with key informants sought to understand the impact 
of climate change and multi-stressors on fisheries-based livelihoods and the commu-
nity’s adaptation strategies to climatic and non-climatic stressors. The data was 
collected in Kani village for 2 months from 1 December 2020 to 31 January 2021. 
Snowball sampling was used in recruiting the key informants. The duration of the 
interview ranged from 30 to 45 min. The sample was determined after reaching satu-
ration. During interviews, the interviewer asked for participants’ consent to record 
the proceedings and took additional notes where necessary. District Development
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reports from the Rural District Council, National Parks and the Zimbabwe Vulnera-
bility Assessment Committee (ZimVac) were analysed so as to have a comprehensive 
understanding of fisheries and other livelihood options pursued in the study area. 

Document analysis involved the repeated review, examination, and interpretation 
of the secondary in order to gain meaning and empirical knowledge of fisheries-based 
livelihoods (Gross 2018). Data were analyzed using a summative content analysis 
approach. Typically, a study using a summative approach to qualitative content anal-
ysis starts with identifying and quantifying certain words or content in text with 
the purpose of understanding the contextual use of the words or content (Hsieh and 
Shannon 2005). This data analysis approach was used to determine the presence 
of certain words, themes or concepts within some given qualitative data. By using 
summative content analysis, researchers were able to count and make comparisons of 
key words in order to determine the meanings of words underpinning the context. The 
choice of summative content analysis was influenced by the researchers’ considerable 
theoretical interest in the problem (Hsieh and Shannon 2005). Hence, the approach 
enabled the researchers to engage easily with the subject and interpret the underlying 
context. 

Study Findings and Discussion 

Profiling Households that Depend on Fisheries 

The study revealed that most of the people that engage in fisheries are youths aged 35 
and below. Most of these youths are school dropouts. Deliberations with participants 
indicated that youths engage in fisheries as a result of a lack of formal employment 
opportunities within the district and thus fisheries become the source of employment 
and income. Most of the land in Kani ward was found to be owned by men as 
a result of the patriarchal architecture which emanates from cultural beliefs. This 
arrangement poses constraints to women’s access to and control of land and other 
productive resources. For instance, one of the female participants from the field visits 
alluded that: 

Women do not have the power to own land in the Tonga culture as the land they are staying 
on as a family is called under the name of the father (husband) and he controls the day to 
day running of the home. The father is the head and decision maker as the home is called 
under him. (Female participant) 

Based on the above view, it is evident that women rarely own land. They also do not 
have the power to make decisions about the land. The inequalities in land owner-
ship pose a threat to the empowerment of women and the achievement of gender 
equality. These research findings resonate with the findings of Akuffo and Quagrainie 
(2019) about similar traditional communities in Northern Ghana who also believe that 
women do not get the same opportunities in accessing and controlling land. Women
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in the fisheries-based households in Kani rarely own land because of customary ways 
of land distribution. 

The study established that most fisheries households have large families with most 
of them having a minimum of six children. It was noted that at least 17 respondents 
had at least six children during the interviews. Children were viewed as a source of 
cheap labour for households, farming and fishing duties. Respondents indicated that 
some families fail to send their children to school as boys were quickly assimilated in 
fishing and livestock heading while the girls were taken into selling fishery products, 
sewing nets and doing other domestic household chores. For example, one respondent 
from the focus group discussion indicated that: 

Tonga speaking households believe in large families and having many children in the past 
was seen as prestigious and children were considered as social capital. However, in the 
twenty first century households in fisheries have large families as a result of poor access to 
family planning. But they also bare more children because they want them to be a source of 
labour in household chores in the absence of the father. (Government Official) 

The division of labour within the household and market set-up is done according to 
gender considerations. Men and women are traditionally allocated different roles. 
Discussions showed that most women engage in the drying of fish (Kapeta fish), 
selling, packaging, sewing nets, farming and reproductive roles in the home set-up. 
The World Fish Centre (2010) concluded that more commonly, a woman’s role in 
fishing is to manage household chores and engage in subsistence pre and post-harvest 
tasks and take care of the children while men are out there fishing. However, women 
were more heavily involved in agricultural activities. 

Contribution of Fishing to Household Livelihood 
Sustainability 

Fisheries, Employment and Household Income 

In most households in the study area, participants revealed that fisheries were impor-
tant in sustaining their livelihoods. During in-depth interviews and focus group 
discussions participants indicated that fisheries were a source of employment for 
most households. Participants indicated that since the economy was plummeting, it 
had become hard for one to be formally employed. Thus, fishing had become a soli-
tary option for households to raise their incomes. The following figure breakdowns 
the livelihood strategies for people in the Kani Village (Fig. 30.2).

For instance, one participant from the focus group discussion posited that: 

The economy of this country has been nose diving in the last three decades. Getting formal 
employment has become a tumultuous task. For most economically active youths and adults, 
fisheries activities have become an important source of employment and income. Remember 
that this source of livelihood option involves a number of activities such as fishing, repairing 
boats, selling nets and fish. Those involved in buying and selling fish have of late been taking
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Participants revealed that income from fish is used 
to buy food at the market. 
Fisheries improve food availability and nutrition at 
the household level. 

Some participants of the study had managed to 
acquire some assets from income generated through 
fisheries activities. 

Fisheries were prudent in sustaining the livelihoods 
of most households 
Fisheries were a source of employment for most 
households 
Although fisheries yields were declining, it remained 
a critical livelihood option compared to farming. 

Contributions of fisheries to household income were 
being affected by the decline in fish catches 
Participants alluded that income secured through 
Fisheries was difficult to save given their hand to 
mouth way of life. 

Livelihood 

Strategy 

Employment 

Household 
accumulation 

Household 
income 

Fisheries 

Food security 
and nutrition 

Fig. 30.2 Contribution of fisheries to livelihood sustainability (Source Researchers’ construction)

advantage of a big market share coming Harare, Bulawayo and Victoria Falls looking for 
fisheries products. (Key informant) 

The above anecdotes reveal the significance of fishing in sustaining household liveli-
hoods. The findings are in line with Hara et al.’s (2017) conclusion that estimated 
employment in the capture of fisheries and aquaculture sectors to be approximately 
12.3 million people. However, some participants revealed that the contributions of 
fisheries to household income were being affected by the decline in fish catches, 
compelling them to diversify their livelihood activities. Further probes indicated that 
some proceeds from the fisheries were used to pay fees, medical bills as well as buy 
food and other immediate needs of the households. 

Household Assets Accumulation 

In order to determine the contributions of fishing-based livelihoods to household 
well-being, we asked participants questions about their asset ownership. Household 
assets are defined “broadly to include natural, physical, human, financial, public and 
social capital as well as household valuables” (Ellis 2000). Assets that seem important 
to the participants included building houses, drilling boreholes, buying scotch carts, 
radios, bicycles and livestock. One participant from the field visit hinted that: 

I have done well for my household in the last four years. I have managed to build new houses 
as you see out of the money l got from trading in fish. I have also managed to put up a solar 
system for lighting, buy cattle, a radio and an ox-drawn plough. We have a few households 
in this community that have managed to drill boreholes.
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The disparity in asset ownership amongst the participant households speaks volumes 
about the diverse challenges confronting these households and the different livelihood 
portfolios they pursue to attain livelihood outcomes. The study results corroborate 
Ifejika et al.’s (2012) findings that livelihoods based on fisheries enhance household 
assets. However, poorer houses that are trapped in a vicious cycle of poverty and 
food insecurity fail to accumulate property as most of the proceeds from the fisheries 
activities are used to address the abrupt needs of their households. 

Food Security and Nutrition 

Participants revealed that fishing plays a crucial part in ensuring household suste-
nance. Focus group discussions showed that the agro-ecological characteristics of 
the study area have pushed most households to buy food from the market instead 
of growing their own food like in other surrounding communities. However, partici-
pants were concerned about the reduction in fish catch and its implications on house-
hold purchasing power parity. Some alluded that a reduction in fish catch could 
compromise the ability of a household to make food available leading to hunger and 
malnutrition. One participant from the field visit opined that: 

Fisheries activities play an important role in sustaining the food needs of most households 
in this community. Households are involved in a number of activities that somehow generate 
income for them. In my case money generated from selling nets is used to buy sugar, cooking 
oil, mealie-meal just to mention a few items. (Trader) 

Aiga et al. (2009) posit that “the higher nutritional status in fish-farming (fisheries) 
households is not a result of fish consumption of farmed fish but from the additional 
cash generated by selling fish, which allows households to purchase other types of 
nutrient rich foods”. Similarly, Hara et al. (2017) add that “fish is a rich source 
of easily digestible high-quality proteins containing all the essential amino acids”. 
However, some participants revealed that the viability of fisheries activities was being 
compromised by a number of factors that range from overfishing to unaffordable 
fishing silences. 

Linkages Between Farming Patterns and Fisheries 
Livelihoods 

In this study, it emanated that there are links between smallholder farming and 
fisheries-based livelihoods. It was evident from the focus group discussions that 
some households are involved in farming as they kept cattle, goats, sheep and also 
cultivated crops such as maize and small grains. Small grains that are popular in the 
area include sorghum, corn, and millet given their resilience in such semi-arid areas. 
Other crops include maize, groundnuts, cowpeas, and watermelons. Participants from
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the focus group discussion revealed that as an adaptation strategy to climate change, 
small grains and small livestock proved to be drought tolerant and thriving. Focus 
group discussions with key informants revealed that income generated by some 
households through fisheries activities is used to fund smallholder agricultural activ-
ities. During the focus group discussion, it came out that some participants use the 
money generated from fisheries activities to buy agricultural inputs such as seeds, 
fertilizers and fences. Some participants hinted that they use some of the proceeds 
to hire labour in their fields in their absence as well as for buying cattle and other 
small livestock. One participant from the field visit alluded that: 

Fishing has made it possible for me to buy seeds, hire labour to prepare my field, plant 
and harvest my crops. I have also managed to have a kraal as well. To me, fisheries-based 
livelihoods complement smallholder agriculture extremely well. But we are aware of some 
households that have decided to leave farming altogether. (Fisher) 

Further discussions during the field visit revealed that some households reconfigure 
their labour allocation to cater to farming activities during the rainy season. Women 
are released from their traditional role of drying and selling fishing so that they focus 
on farming. However, a few especially youths without land indicated that fishing was 
their only source of livelihood. One young fisherman from the field visit alluded that, 
to him, fishing was the only viable source of income. He noted that: 

Fishing is part of my life. Out siding fishing l can’t make it. I don’t see myself doing farming, 
especially when looking at the agro-ecological characteristics of this area. Farming is facing 
a lot of challenges ranging from rainfall unreliability to problem animals. Apart from that, 
youths face huddles in their attempt to secure land. The other challenge is that farmers are 
broke in this community. It is drought year in and year out. Honestly, l am not motivated to 
do farming. (Fisher) 

Vulnerability of Fisheries as a Livelihood Strategy 

Participants in the study were also asked questions focusing on the vulnerability 
of their fisheries based livelihood. The literature shows that “vulnerability denotes 
the external environment in which communities exist and over which they have 
limited or no control, including trends, seasonality and shocks” (Islam et al. 2014). 
So, exploring the vulnerability context of fisheries livelihoods is prudent as it can 
assist in crafting initiatives that can ameliorate adverse impacts. Thus, focus group 
discussions revealed that the vulnerability of fisheries based livelihood emanates 
from intricate climatic and non-climatic factors. Participants in the study revealed 
that fisheries activities are vulnerable to shocks and stressors as a result of a lack 
of productive land. Observations showed that most of the participants lack access to 
and ownership of land for agriculture which makes it a challenge for those depen-
dent on fisheries to have an alternative livelihood to secure their lives. Furthermore, 
discussions during field visits also indicated that in order to diversify their livelihood 
portfolios, households should have the capacity to own and manage the means of 
production which is one of the major factors that had a bearing on the households’



30 The Vulnerability of Small-Scale Fisheries-Based Livelihoods … 629

livelihood vulnerability. For instance, the lack of alternate livelihood sources was a 
major challenge among the study participants. One participant from the field visit 
noted that: 

We are forced to depend on fisheries in this community given our inability to access land. 
Most of the youth do not own land which makes it a challenge for them to diversify their 
livelihoods. 

Further interrogations revealed that failure in the governance of the fishing activities 
was leading to overfishing: a challenge that increased the vulnerability of households 
that depend on fishing as a livelihood option. It emanated from the discussions 
that overfishing undermines the economic role of fisheries and leaves households 
vulnerable to poverty and other stressors. One participant from the focus group 
discussion revealed that: 

Our main challenge is that fish are caught in the river which is a common resource for 
everyone. You cannot control the problem of overfishing. Remember some of the people who 
do fishing, especially at night do not have permits and in most instances use illegal nets that 
wipe literally all the fish in the water. (Government official) 

Most fishermen highlighted that they do not own fishing rigs or boats which results 
in a reduced catch during the winter season. These fishermen indicated that fish 
move to deep waters during winter seasons and if one does not have a boat or 
a fishing rig it is hard to catch fish. Furthermore, these discussions during field 
visits insinuated that government policies were a major contributor to fisheries-based 
livelihood vulnerability. The researchers found that long ago the Tonga people had 
unlimited and uncontrolled access to the river where they could fish, buy and sell 
their fisheries products without any obstacles but now, there are laws that one has to 
adhere to which makes fishing unsustainable. The government has introduced laws 
that make fishing very difficult for fisheries-based households. During field visits, 
participants claimed that one needs a permit to do fishing. These permits were said 
to be unaffordable to locals whose livelihoods have resonated around fisheries for a 
time immemorial. Interesting discussions emanated from the focus group discussion 
where female participants alluded that prostitution and sexually transmitted diseases 
were also increasing the vulnerability of fisheries-based livelihoods. Lately, there has 
been a high rate of sexually transmitted diseases in and around the fishing camps. 
Most participants argued that fisheries as a livelihood strategy is full of promiscuous 
activities thereby putting people at risk of contracting STIs. Considering that men 
are separated from their spouses for many days, they end up engaging in promiscuity. 
During field visits, one fisherman said it is hard for them to stay for 21 days without 
sex when they are at the fishing camps. This is further supported by the DFID (2006) 
which stated that “there is presently a considerable body of research suggesting that 
there is a higher-than-average prevalence of HIV infection in fishing communities 
in East Africa”. Traders highlighted that for them to get more fish they are coerced 
to indulge in sexual favors with fishermen. 

The COVID-19 pandemic was also mentioned by participants as having a bearing 
on their way of life. Most households indicated that the restrictions of the move-
ment of people and the informal trading by the government during COVID-19 have
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adversely affected fisheries as a livelihood option. The findings of this study validate 
what has been revealed by the likes of Islam et al. (2014) who argue that “failures 
in the governance systems that lead to overfishing also increase the vulnerability of 
fisher folk and undermine the fishery sector’s economic and social contributions”. 
Scholars further argue that poverty, fisheries and vulnerability are complex issues 
considering the environment in which fishers operate. Similarly, Deressa (2011), 
Black et al. (2011), and Phuong et al. (2021) agree that most of the vulnerable 
households and communities are also poor and have undiversified livelihoods. 

Impacts of Climate Change on Fisheries 

Participants were asked how climate change has affected their fisheries-based liveli-
hoods. It emanated that participants are aware of the implications of climate change 
on their main source of livelihood. Field visit discussions consistently revealed that 
changes in climate had led to an increase in temperatures as well as a reduction in 
rainfall. Some participants also opined that they had noticed a reduction in water 
levels in the Zambezi River, a factor that has contributed to unsustainable fishing. 
One participant (Fishermen) from the field visit alluded that: 

The effects of climate change have reduced the prospects of livelihoods based on fisheries 
to promote sustainability. What we have noted is that the extremely high temperatures have 
increased fish mortality in this area. Climate change has made us realise that the decline of 
fish species has a bearing on fish catches and fish growth. We are no longer catching large 
fish as we used to do in the past, harvest has gone down and some water species we used to 
come across have disappeared. (fishermen, 68 years) 

Participants also indicated that women used to catch fish in the tributaries and distribu-
taries along Zambezi River in the past years. However, due to erratic rains associated 
with changes in climate, these rivers have dried up making it impossible for them to 
harvest fish close to their communities. The findings that both the size and catch of 
fish have gone down that is consistent with findings in other lakes in Zimbabwe and 
Southern Africa (Magqina et al. 2020; Muringai et al. 2020a). 

Adapting to Climatic and Non-Climatic Stressors 

Daw et al. (2009) contends that “adaptation to climate involves the steps adjust-
ment in ecological, social or economic systems, in response to observed or expected 
changes in climatic stimulus and their effects and impacts in order to alleviate adverse 
impacts of change, or take advantage of new opportunities”. Participants were further 
asked about how they adapt to climatic and non-climatic stressors. Further focus 
group discussions revealed that the vulnerability of households to climate change 
and non-climate stressors is determined by their experience and understanding of
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change. Further engagements revealed that the maintenance of fishery-based liveli-
hood requires households to diversify their livelihood portfolios. Some reported 
exiting fisheries-related way of life and opted for migration in search of better liveli-
hood options like small-scale mining which may sound more resilient to climate 
change. Participants in the study also revealed that some are now fishing undocu-
mented or without licenses. Adaptation strategies of some fisheries households were 
amply captured by one key informant from the focus group discussion who noted 
that: 

Fisheries-based livelihoods are now very susceptible to climate change. Households are 
employing a number of adaptation strategies. We have seen some opting out of fishing alto-
gether, some diversifying their livelihoods and some fishing without licenses, especially at 
night. Some have migrated to cities and neighbouring countries in search of better opportu-
nities. Some have formed cooperatives meant to assist them in sending fish to better markets 
such as in Harare. I have also seen some using better boats to try and increase their harvest. 
(key informant) 

Focus group discussions with the participants also indicated that in extreme cases 
some poor households mortgage or sell some of their fisheries and non-fisheries 
assets. One participant indicated that at one point her household sold a plough and a 
boat to raise money to buy food and pay school fees. One key informant noted that: 

As households try to cope with collapsing livelihoods, we have seen some children doing 
manual jobs. The school dropout rate for some children is unfortunate. Sadly, some have 
been forced to exploit some common properties such as wild fruits. (NGO) 

Deliberations also revealed that some household members participated in casual 
labour as part of their coping strategies. Specifically, it came out that women and 
children got involved in manual jobs to raise income or in some instances to get food 
as payment. 

Limitations 

There were a number of limitations experienced by the researchers. These included 
the methodological design of the study and insufficient resources. Qualitative case 
study designs use small samples compared to the quantitative ones. Such small 
samples that aim at generating in-depth information pose a challenge with regard to 
generalisations. Even though case study research is concerned with real-life scientific 
investigations, unlike experiments, the environmental and contextual conditions are 
not controlled and are part of the investigation which increases the subjectivity of the 
findings. The use of a case study led to the generation of large amounts of data which 
required careful analysis and management. Due to the lack of robust methodological 
procedures, the findings from a case study design may lack generalisability.
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Conclusion 

The study has shown the significance of fisheries in sustaining the lives and liveli-
hoods of communities in Kani Ward. Specifically, it emanates from the anecdotes 
that fisheries play a cardinal role in improving household food security as well as 
incomes. However, a combination of climatic and non-climatic factors seems to be 
negatively impacting this traditional livelihood option. The implications are that the 
sustainability of fisheries-based livelihoods can only be achieved through improving 
the adaptive capacities of such communities to climate and non-climatic factors that 
have a bearing on the livelihoods. There is a need to consider enhancing women’s 
access to productive resources and decision-making structures. But, there is no doubt 
that such communities also need to be strengthened in terms of their capacity to handle 
their vulnerability and uncertainty. The study concludes that communities need to 
be involved in policy formulation and these policies should be crafted and aligned to 
the needs of households in order to address environmentally sustainable fishing as 
a broad livelihood strategy at the household level. The allocation of fishing permits 
needs to be gender sensitive to allow women to participate in this critical livelihood 
option. The government needs to coordinate the development of a climate change 
adaptation strategy for fisheries as a way of tackling climate change challenges. 
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Chapter 31 
Hydro-Meteorological Risk Emergency 
Planning and Management Using Big 
Data as a Platform 

Fisha Semaw, Dagnaw Kebede, and Desalegn Yayeh Ayal 

Abstract Climate change and extreme events are becoming more common world-
wide, and developing countries are especially vulnerable due to insufficient mitiga-
tion and preparedness capabilities. It goes without saying that employing big data 
is the right approach for successful retrieval of disaster data as well as its analysis, 
management, and dissemination in climate risk emergency planning and manage-
ment. This review will investigate how big data can be used as a recent data manage-
ment technology for climate risk emergency planning and management. An intimate 
assessment of the literature shows that there are methodical reviews on big data appli-
cations in emergency management. This study holds that emergency events are far 
from being predictable and as such, they are bound to bring havoc and destruction. 
Emergency management is managing public emergencies using different methods 
like big data. Big data technologies can address issues related to storage, analysis, 
accessibility, and distribution to generate and present data analysis useful for practical 
purposes. The findings of this review show that using big data in various emergency 
management applications will enable policymakers and other stakeholders to make 
appropriate and correct decisions during the emergency management process which 
benefits if responses are optimized for quality prediction analysis. 
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Introduction 

Hydro-meteorological hazards have had a substantial impact on disasters throughout 
this planet’s history, from the prehistoric to the modern eras. Despite the availability 
of a wide range of research on meteorology related natural hazards, there has been 
very little or no commensurate endeavor to make robust use of big data to manage 
these risks. New big data approaches have inspired researchers to employ these tactics 
to solve hydro-meteorological risks (Kaur and Sood 2020). 

At present, terrorist acts, hurricanes, floods, epidemics, and earthquakes are 
responsible for massive failures of infrastructure which in turn caused huge and 
unprecedented material destruction and loss of lives all over the world (Sarker et al. 
2020; Song et al. 2020;Yu et al.  2018). The world’s database of Annual danger reports 
was released by NatCatSERVICE, which noted a gradual rise over the previous few 
decades (Akerkar and Hong 2020). More destructive and frequent than geophys-
ical disasters, hydro-meteorological disasters have been observed. From 2000 to 
2019, 9567 occurrences were brought on by these catastrophes. Floods, landslides, 
hurricanes, droughts, cyclones, tsunamis, avalanches, and tornadoes are examples of 
hydro-meteorological disasters (HMD) (Kauret al. 2022;Wu et al.  2020). It is a diffi-
cult task and a viable study area to manage the HMD. The myriad problems connected 
to hydro-meteorological disasters are the subject of extensive investigation. During 
recent decades, the intensity, frequency, and impacts of disastrous events have shown 
dramatic increases (Song et al. 2020). Given that natural hazards remain to be highly 
unpredictable, their adverse environmental impacts are particularly appalling when 
there are meager resources to absorb shocks (Yu et al. 2018). Various emergency 
measures taken to ameliorate the effects of natural disasters on public health and 
social security have been trending in many developing countries (Yu 2020). 

Additionally, the societies’ vulnerability to disasters around the world was drasti-
cally increased by rapid urbanization and poor development policies, which created 
new dangers or amplified already-existing ones. This led to a sharp rise in losses 
(Villeneuve 2018). Ameliorating the impacts of natural disasters and achieving swift 
recovery is possible if attention is directed toward planning and managing resilience 
policies. Governments and researchers worldwide have launched several efforts to 
encourage academics and scholars to support their nations’ effective emergency 
management. The occurrence of all types of emergencies causes many casualties 
and economic losses, as well as a severe impact on social harmony and people’s life 
and property safety (Lu and Zhang 2016). 

Although the terms emergency and disaster are sometimes used interchangeably 
(Al-Dahash et al. 2016), it should be pointed out that “emergency” specifically refers 
to a situation that endangers people or damages property suddenly (Yu et al. 2018). At 
the same time, the definition of disaster includes property damage and loss of life that 
stem from the negative impact of an emergency due to insufficient capacity to respond 
properly and adequately (Biswas and Choudhuri 2012). In addition, it is possible to 
define an emergency as a broader term encompassing disasters, catastrophes, and 
minor disruptions in a short period (Al-Dahash et al. 2016). The chaotic and complex
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nature of natural disasters renders preventive measures a difficult undertaking (Al-
Dahash et al. 2016). 

Emergency management (EM) refers to systemic processes that primarily aim 
at minimizing disasters’ negative consequences and effects on people and social 
infrastructure (Arslan et al. 2018; Norris et al.  2015). Being a complex and dynamic 
response, EM involves enormous uncertainty (Kaveh et al. 2020), in the attribution of 
responsibility, choice of data sources, and business planning (Akter and Wamba 2019; 
Jin et al. 2020). To implement sound policies on emergency and disaster management, 
it is crucial to put in place the right information technology and equipment (Yu et al. 
2018). Modern EM processes use contemporary technologies to monitor, respond to, 
handle, and process emergencies quickly and efficiently. They also integrate many 
resources and conduct scientific analyses of the emergency’s origins, course, and 
adverse effects. Nowadays, more and more scholars around the world have devoted 
their attention to ICT-based disaster prevention and control mechanisms. To manage 
disaster situations, Ray et al. (2017) presented an IoT-based scenario. During hydro-
metrological disaster management, internet of things (IoT) modules are utilized for 
data collection and to provide a networked system for data transfer (Sakhardande et al. 
2016). IoT sensors collect environmental data, and big data and mining techniques 
are used to handle and analyze unstructured data (Rahman et al. 2017). The digital 
infrastructure, software, and platform needed for information collaboration, data 
security, and backup are all provided by cloud environments. Different aspects of 
disaster management can use artificial intelligence (AI) and its subfields (machine 
learning, expert systems, robotics, fuzzy logic). The major AI fields used at different 
stages of disaster management include deep learning, supervised and unsupervised 
models, and optimization. Amit and Aoki (2017) and Ivić (2019) used AI techniques 
to analyze UAV and satellite photos of a specific geographic area to obtain the data. 
Remote sensing technology is a tremendous aid for global monitoring and assessing 
disaster situations. GIS is a crucial risk reduction tool since it models ways to examine 
many disaster data (Kaku 2019). Specifically, sound emergency management has 
an inherent relationship with big data technology which affects the collection and 
processing of all types of data, including data relevant to safety measures during 
responses to disasters (Jin et al. 2020). 

Since big data is a technological paradigm of our time, it allows researchers to 
make efficient data analyses huge with ease (Hashem et al. 2015). Put differently, 
big data is nothing but the deployment of engineering and scientific methods and 
tools for processing massive data (Yu et al. 2018). The essence of big data lies in 
its usability for handling massive information rapidly and in diverse ways. Big data 
technology changes large-scale data collection, transmission, storage, mining, and 
visualization. Big data is not only a technical development in the context of big data 
but also a change in how we think (Lu and Zhang 2016). Big data offers numerous 
opportunities for communication, which can assist vulnerable community members 
in learning about impending threats, challenges, risks, and disasters (Hashem et al. 
2015; Ragini et al. 2018). 

Emergency management based on adequate information is crucial for the effective 
mitigation of the negative impacts of natural disasters (Huang et al. 2020). It is
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now widely accepted that technology can aid in managing pieces of information on 
disasters. Technology can aid in developing a full scale climate risk management 
that spans from an early warning systems to recovery plans (Sarker et al. 2020). 
Communication enables people to communicate before, during, and after the hydro-
meteorological disasters to inform one another of the situation and plan accordingly. 
In that context, communication can be considered a good source of big data (Maryam 
et al. 2016). 

Many studies on climate change adaptation and resilience (Sarker et al. 2020), 
emergency management (Jin et al. 2020), disaster resilience (Sarker et al. 2020), and 
big data application in epidemic disease distributions (Huang et al. 2020) have been 
conducted. However, the full potential applying big data for emergency planning 
and management hasn’t been actualized due to resource constraints. Unexpected 
events frequently cause disasters. A comprehensive data-driven effective strategy 
can improve the efficiency of emergency management and planning. As a result, this 
review aims to investigate how big data can be used for emergency planning and 
management. 

In general, though less attention has been given; big data could play an indispens-
able role in climate change adaptation and vulnerability assessment (Ford et al. 2016). 
The big data analysis approach is vital in forecasting climate change related risk and 
implementing feasible adaptation measures. In the effort of climate change adap-
tation and mitigation, big data could be use in the energy, agriculture, and forestry 
sectors as well as urban and infrastructure planning (Hossein and Xu 2019). 

Review Methodology 

To conduct a scientific review of available literature on the subject at hand, we 
made a systematic selection of published articles about emergency planning and 
management and big data. First, a search Google Scholar with the words “big data, 
climate change, risk, disaster, adaptation and emergency management” was applied. 
In the search engine, custom ranges from the period 2015 to 2022 were used. Second, 
articles most relevant to the topic of interest were manually selected. Thirdly, the list 
of articles only included in peer-reviewed journal articles was filtered. A total of 45 
journal articles were reviewed individually and the synthesis was used to present the 
sections of the current articles.
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Results and Discussion 

Concept of Big Data and Its Sources 

There does not seem to be a single definition of big data agreeable to all scholars. 
However, the review identifies the two most common definitions of big data. One 
definition of “Big data” holds that big data refers to a hugely enormous amount of 
data that cannot be computed or processed through traditional database software tools 
(Zhang et al. 2021). On their part, Yu et al. (2018) consider that big data is nothing 
but a reference to scientific and engineering methods and tools through which hugely 
enormous data can be analyzed, processed, managed, and stored. The term “big data” 
is also used to describe a large amount of data in the networked, digitized, sensor-
laden, information-driven world (Iglesias et al. 2020). It is a new technology that can 
effectively solve the vast amounts of data collection, storage, and display (Lu and 
Zhang 2016; Yu et al.  2018). Put differently, big data refers to both the amount of 
data and high-tech processing tools which can be harnessed to improve the efficiency 
and efficacy of state governance (Lu and Zhang 2016). 

In its evolution and usage, big data is associated with its “four V” characteristics 
(Zhang et al. 2021; Huang et al. 2020; Yu  2020), which increased its demand in 
the area of emergency management. These are volume, velocity, variety, and value. 
In short, “four V” is about processing huge data in a short period of time in a 
variety of ways and a value adding manner (Zhang et al. 2021). Big data analysis 
can also refer to the process of extracting information from data, producing knowl-
edge from information, and using that information to make the best by concerned 
actors. In this way, “big data” refers to the whole process of producing knowledge, 
integrating it into a system, and accelerating development (Amaye et al. 2016; Yu  
2020). The same conception of big data can be applied to methodically respond to 
an emergency situation which involves complex decision-making, public opinion 
management, networking, and early warning. And such delicate tasks can be easily 
managed by tapping the resourcefulness of big data as regards velocity of action and 
value creation (Yu 2020). Big data enables researchers to do an in-depth study of 
all communications, offering helpful information that is valid for the general public, 
including details on a disease outbreak (Yu et al. 2018). Big data coalesce quite 
diverse sources of data and expands analytical capacity so that people in a disaster 
situation can benefit from an informed response (Yu et al. 2018). 

Big Data offers a useful understanding of the decisive stages of managing emer-
gencies such as preparation, prevention, response, and recovery. Big data comes from 
two primary sources. The first is from sensor networks that detect earthquakes using 
seismometers. The second source is concerned with multipurpose sensor networks 
such as social media platforms. Both approaches proved to be effective during emer-
gencies such as the COVID-19 pandemic and Hurricane Sandy. Emergency manage-
ment demands the provision of high quality and accessible service and information 
for the victims (Akerkar 2020).
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Big data approaches encompass the datasets and a variety of related technologies 
such as parallel processing, cloud computing, the internet of things, geotagging, 
machine learning, data mining, and natural language processing (Pollard et al. 2018). 
The primary big data sources for emergency planning and management could be 
videos from unmanned aerial vehicles, satellite imagery, aerial imagery, the internet 
of things, crowdsourcing, airborne and terrestrial light detection and ranging, social 
media, and mobile GPS and call data records (Yu et al. 2018; Jin et al. 2020; Yu  2020; 
Sarker et al. 2020). Of these sources, satellite imagery, crowdsourcing, and social 
media data rank as the most popular sources of data for emergency management (Yu 
et al. 2018). 

Satellite imagery: Remotely sensed data is an independent source of informa-
tion, able to cover large areas, which is especially relevant in the absence of precise 
information on the location and extent of the impacted area (Wania et al. 2021). Satel-
lite remote sensing generates invaluable satellite images which help to continuously 
monitor atmospheric and surface conditions associated with natural disasters (IPCC 
2022). In the same vein, satellite images offer qualitative as well as quantitative data 
necessary for disaster management (Sarker et al. 2020). The noteworthy contribu-
tion of remote sensing for smart planning of disaster management stems from the 
high-resolution, multi-dimensional, and multi-technical images it produces (Sarker 
et al. 2020). 

Aerial imagery and videos: Data describing the disaster’s impact and the extent 
of the damage are required for effective disaster management. Aerial data collection 
consumes many resources and necessitates offline post-processing (Murphy et al. 
2016). Its speed and spatial resolution are thought to be more useful than satel-
lite imagery (Sarker et al. 2020). The most advanced level of tools for detecting 
fine cracks, damaged structures, and the extent of the damage is video informa-
tion. Airborne data collection via helicopters and unmanned aerial vehicles (UAVs) 
provides a bird’s-eye view of disaster-affected areas (Murphy et al. 2016). Unmanned 
aerial vehicles (UAVs) captured aerial imagery are becoming increasingly crucial in 
disaster response (Ofli et al. 2016). 

Internet of Things: This paradigm is deemed to be a highly promising tech-
nology to address problems in every walk of life: industry, agriculture security, 
and medicine. The attractiveness of the Internet of Things stems from its typical 
features of lightweight, heterogeneity, interoperability, and flexibility (Ray et al. 
2017). A global network of interconnected objects that utilizes networking, informa-
tion processing, and sensing technologies is referred to as the “Internet of Things.” 
This could be the newest iteration of information and communications technology 
(ICT) (Li et al. 2015). IoT technologies equip managers with tools relevant to prac-
tical decision making while enhancing the situational awareness of operators’ and 
rescuers’ thereby ultimately enhancing the preparedness of people prone to natural 
disasters (Dugdale et al. 2021). It provides better communication in disaster-affected 
areas where natural hazards have damaged communications structures (Sarker et al. 
2020; Yu et al.  2018). 

Crowdsourcing: Big and heterogeneous data created by various sources in urban 
settings, including sensors, machines, vehicles, buildings, and people, are acquired,
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integrated, and analyzed in this process (Xu et al. 2016). This is the most ideal 
data analytic technology especially in emergency management situations since it is 
resourceful for information validation, tracing events in real-time, translating text, 
and integrating data for crisis decision-making (Amaye et al. 2016). It is also indis-
pensable to enable people to realize their common goals just by way of online 
platforms (Sarker et al. 2020). Such platforms are gaining momentum as chief 
information providers in disaster situatios (Dittus et al. 2017). 

Social media: Facebook, IMO, WeChat, Twitter, WhatsApp, and QQ have great 
importance in every phase of disaster management. Social media can help the emer-
gency management sector by giving stakeholders access to information as the event 
develops, a way to quickly alert wider audiences, a platform to keep track of public 
activities, and a tool for activity coordination (Luna and Pennock 2018). Social 
media is ideal means of extracting real-time data sources for disaster management 
and determination of current conditions (Gulesan et al. 2021). Thanks to advance-
ments in communication and technology, today early warning systems and rapid 
response mechanisms have got new technology options. 

Mobile-based GPS: In disaster situations, mobile phones can be used to contact 
family and friends and locate safe places to move. GPS is also used to determine the 
altitude, location, and magnitude of hazardous situations (Sarker et al. 2020). 

Emergency Management Phases 

Different events are happening more frequently in today’s society, endangering envi-
ronmental protection, social order, human life, and even international political ties. 
There is widespread agreement that emergencies are social phenomena that under-
mine routine business, social structures, values, and norms. The World Health Orga-
nization (WHO) has pointed out that emergency responses create complications in 
the standard conditions of existence and worsen the suffering of victims beyond 
the point of readjustment capacity. This definition states that a disaster’s severity is 
more closely associated with the level of social unrest than with the potential threat’s 
size (Akerkar 2020). Applying early and comprehensive emergency management 
procedures is crucial to avoiding or minimizing the effects. When natural or arti-
ficial disasters and catastrophes strike, essential infrastructures must be protected 
from catastrophic harm through emergency management. Multi-layered emergency 
management plans are designed to solve problems like terrorist attacks, earthquakes, 
floods, hurricanes, fires, and utility failures. 

This proves the idea that EM should be used regularly and not just in times 
of emergency to ensure the security of everyone’s daily lives. Integrating different 
resources and conducting a scientific analysis of the emergency’s cause, process, 
and adverse effects, more modern EM includes processes that take advantage of 
contemporary technologies which can be deployed for effective and efficient disaster 
monitoring and handling.
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FEMA’s definition of emergency management (EM) entails planning, minimizing 
the effects, and responding to and recovering from an emergency. A significant 
process known as detection, preparation, planning, mitigation, reaction, and recovery 
is used in emergency management to deal with crises. 

The old style of doing EM has been explained in the traditional fashion of bureau-
cracy which lies on command and control. To put it another way, EM has only been 
examined from the standpoint of one authority in traditional techniques. For instance, 
it is acknowledged that the traditional emergency response strategy prioritizes fixed 
rules of norms but there is room to comprise bureaucratic policies and procedures in 
emergencies situations. As a result, group participation or flexibility in unanticipated 
tasks are not thought to be essential elements. Furthermore, the use of a hierarchical 
structure is a characteristic of traditional techniques. Therefore, the old bureaucratic 
EM procedures which stipulate adherence to hierarchy are no longer binding and are 
challenged because of the quick fix imperative needed for emergency response. 

In contrast, FEMA’s methodical approach acknowledges that EM should lean 
towards decentralized institutional actors that work together in a network to lessen 
the effects of emergencies. For instance, public businesses, volunteers, local police 
and fire departments, and governmental organizations can come together and perform 
activities related to the emergency life cycle. Additionally, it takes into account 
civilian support for recovery measures. In dissimilarity to the conventional methods, 
it recognizes that resources and public information may help emergency efforts. 
For instance, because they are the ones who directly encounter the incident, the 
general public can be considered the initial emergency responder. Additionally, the 
professional approach’s adaptability enables the use of its solutions for various 
circumstances. That implies that the strategies are no longer limited to a single 
emergency. 

The most modern methods rely on Internet technologies to share information 
and coordinate among stakeholders during emergencies. In the early 2000s, several 
websites were launched in response to crises. For instance, in 2004, a problem 
was addressed via a user-generated website. Additionally, when Hurricane Katrina 
attacked New Orleans in 2005, substantial emergency response operations happened 
on Myspace, a social networking service. The devastating wildfire in 2007, close 
to San Diego, California, stands as a documented case where people responded 
to an emergency using a microblogging service like Twitter. Since then, it has 
been common to use Twitter to ask questions, gather, communicate, disseminate 
information, and to coordinate response activities. 

On the other hand, as the Gartner hype cycle for 2014 suggests, the more public 
awareness and focus on the Internet of Things (IoT) reaches its peak, we might 
reach the era of disillusionment which must be tackled through a clear long-term 
technological solution for the right type and amount of information available for 
EM. These open geospatial services and IoT paradigms, as well as the numerous 
opportunities they offer for visualizing, evaluating, and predicting emergencies, are 
the foundation of many research efforts in the EM area. For instance, TRIDEC4 
concentrates on cutting-edge technology to make effective intelligent information
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management in real-time possible so that seamless big data access, identification, 
integration, and handling is possible for EM. 

The number of players in a response and recovery scenario will also be significant. 
Services for emergency management “include organizations like fire, ambulance, 
civil protection authorities, police, paramedic, and emergency medical services, Red 
Cross and Red Crescent societies, and specialized emergency units of transportation, 
communications, electricity, and other related services organizations in different 
countries in different phases of the EM” (WHO 2020). 

The four phases of emergency management are known as readiness, response, 
mitigation and recovery (Sun et al. 2020; Yu et al.  2018). Management activities 
are undertaken during the mitigation phase to prevent or reduce futuristic emergen-
cies and their repercussions while increasing long-term benefits (Sun et al. 2020). 
Mitigation is an attempt to reduce the effects of disasters by way of risk analysis, 
building warning codes, mapping risk zones, and public education (Yu et al. 2018). 
Any activity made to prevent an emergency, reduce the likelihood of an emergency, 
or lessen the damage of unavoidable emergencies falls within the phase of mitigation. 
For example, purchasing flood and fire insurance for a house is a mitigation activity 
(Sun et al. 2020). Mitigation efforts can take place before and after emergencies 
(Sarker et al. 2020). Mitigation measures can lower the adverse impacts of a disaster 
if they are accompanied by proper planning and action. For this it is imperative to use 
scientific hazards analysis (natural and man-made), risk assessment and mapping, 
vulnerability analysis (elderly, children, pregnant, etc.), simulation and modeling, 
structural and non-structural mitigation, training, awareness campaign and capacity 
building (Skliarov et al. 2017). 

Preparedness: The preparedness phase refers to activities taken when an emer-
gency is deemed likely to occur (Sun et al. 2020). This phase focuses on planning 
how to respond to a disaster through sound preparedness plans, training, emergency 
exercises, and early warning system development and implementation (Yu et al. 
2018). Sound preparedness plans require communication planning, resource inven-
tory planning, logistical planning, stockpiling planning, evacuation planning, and 
needs assessment planning (Skliarov et al. 2017; Sun et al. 2020). 

Response: Response activities are crucial to safeguard property, save lives, and 
protect the environment from natural disasters (Yu et al. 2018). The key activities 
of the response phase are searching and rescuing victims, assessing initial damages, 
providing first aid and humanitarian assistance, and opening and managing shelters 
(Sun et al. 2020). It applies during disasters. After a disaster, the recovery phase 
is concerned with repairing and reconstructing measures to return affected area to 
a standard or even better functionality level. Among other things, recovery actions 
include precise damage assessment, debris cleanup, infrastructure reconstruction, 
and financial assistance from responsible bodies. Below, we have depicted the four 
stages of emergency management in a diagram (Fig. 31.1).

These phases are briefly explained in the following.
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Fig. 31.1 The four phases 
of emergency management

Emergency Planning and Management 

Given that natural catastrophes have increased in frequency and severity, govern-
ments all over the world are prompted to make disaster management and emergency 
response national priorities. A more effective approach to overall disaster manage-
ment, disaster relief, logistical coordination, and long-term recovery in connection 
with natural disasters and emergency events is now supported by the growth of 
enormous and complex datasets, or big data, as well as various advancements in 
information and communications technology and computing. Big data and tech-
nical advancements have drawn much interest from the scientific community for 
emergency management (Song et al. 2020). Emergencies are frequently complicated 
issues with adverse outcomes that must be resolved quickly to minimize poten-
tial harm. Big data analysis results in more confident decision-making and better 
decisions can result in higher operational efficiencies, cost savings, and decreased 
risk (Akerkar 2018). Emergencies refer to accidents, public health incidents natural 
disasters, and social security incidents that occur suddenly and cause or may cause 
serious social harm and require emergency response measures (Zhang et al. 2021; Yu  
et al. 2020). Planning is the general framework for dealing with a crisis or disaster 
(Skliarov et al. 2017). It is devoted to the identification of the problem, assessing 
what can be done in response, and sorting out how it can be implemented. All of 
these must be aligned with the facts of the crisis, the changes, the prediction of 
future events, the preparation for emergencies, and the designing of likely scenarios 
for effective treatment. That being the case, it is possible to conclude that emergency 
management is concerned with the entire process of managing natural or other catas-
trophic events through the cooperation of private, public, and government entities (Yu 
et al. 2020). Put differently, emergency management is a reference to a systematic 
response to reduce or mitigate the negative consequences of disasters and on people 
and infrastructure (Arslan et al. 2018; Norris et al. 2015).
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Applications of Big Data for Emergency Management 

Effective emergency management depends on having access to trustworthy informa-
tion in times of need. The nature and volume of information that can be availed by the 
media, public institutions, individuals, and volunteer organizations have dramatically 
increased because of new technologies. The rise of sensor networks, social media, 
satellite remote sensing, and linked devices has contributed to a data influx beyond 
traditional technologies’ capacity to acquire, process, and understand (Iglesias et al. 
2020). Big Data has undoubtedly expanded the possibilities for natural emergency 
management because of its numerous alternatives for visualizing, evaluating, and 
anticipating emergencies. Emerging technologies that may monitor and detect emer-
gencies, reduce their consequences, help relief operations, and contribute to recovery 
and reconstruction processes are crucial. However, managing massive data exponen-
tially generated during emergencies has made the use of Big Data imperative in 
EM. Traditional data storage and processing methods struggle to meet performance 
requirements for real-time processing, scalability, and availability because of the 
enormous amount of data (Akerkar 2020). 

During the last two decades, the growth of Data enormously increased to the extent 
that it compelled global researchers to come up with new machine learning algorithms 
and artificial intelligence. Consequently, real-time classification and categorization 
of social media data have contributed to effective disaster response and recovery 
(Ragini et al. 2018). Recently, it is not uncommon to see data-driven decisions and 
support structures in every management area (Kushwaha et al. 2021). For managing 
their big databases, various big data applications are found in the astrology, banking, 
medicine, and finance departments (Roy et al. 2020). Big data technology helps 
to build an emergency response platform to achieve cross-sectoral integration of 
emergency data (Lu and Zhang 2016). 

One approach through which big data can be deployed in emergency manage-
ment has to with information dissemination about the crisis through social media 
(Huang et al. 2020). Big data applications in emergency management emphasize pre-
forecasting (Zhang et al. 2021). Big data technology has been in use for early moni-
toring and early warning initiatives regarding infectious diseases (Wu et al. 2020). 
Satellite communications are essential for operative emergency response, especially 
in data collection, position location, alerting, and harmonizing relief procedures 
(IPCC 2022). Big data can be utilized to closely observe societal issues and catas-
trophes which can be averted or mitigated through early monitoring and warnings 
mechanisms (Huang et al. 2020; Mao et al. 2021). Therefore, Big data technology 
has huge applicability in various EM industries (Jin et al. 2020). 

Predicting and modeling human travel routes is crucial for designing appropriate 
transportation schedules, planning humanitarian aid, and other emergency manage-
ment issues, and that in turn depends on the quality and volume of human mobility and 
urban sensing data for (IPCC 2022). Based on the analysis of social media messages 
circulated in emergencies and their effects, it is possible to model and apply human 
evacuation strategies (IPCC 2022). It is well known that by using satellite images,
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professionals can pinpoint impending hazards in the environment and infrastructures. 
For example, we can formulate potential risk assessments through a sober analysis of 
multiple satellite-based flood maps (Sakhardande et al. 2016). Phone call details are 
useful metadata with which we can capture the timing and quantity of calls to map 
population distribution and corresponding socioeconomic profiles that have impli-
cations on vulnerability. This was successfully carried out following the 2015 Nepal 
earthquake (Wilson et al. 2016). Remotely sensed multitemporal images captured 
over the same area, typically separated by days, can be used to manage disasters like 
fires and floods effectively (Yu et al. 2018). 

The Namibia flood sensor web was also considered an early warning system, a 
system based on the combined use of satellite and ground sensor data, which proved 
instrumental for early warning and flood situational awareness (Mandl et al. 2013). In 
the same vein, we can harness the resourcefulness of NASA TRMM rainfall network, 
USGS seismic network, and social media platforms help to develop a landslide 
detection system and locate the origins and components of multi-hazards (Yu et al. 
2018). Machine learning is ideally suited to eliminate unrelated data, speed up disaster 
risk analysis, and identify strategic response options (Yu et al. 2018). In general, by 
using big data technologies, Ethiopia could solve significant problems such as floods, 
droughts, and social security. 

Conclusion 

The chapter has attempted to cogently analyze the existing literature on Big Data and 
emergency management. Since the Big Data tool is an evolving phenomenon, it would 
be farfetched to depict it as flawless. Future researchers should ponder on addressing 
some inherent challenges of relying on Big Data: the difficulty of processing Big 
data generated with the involvement of many people affected by an emergency; 
the basic nature of the data being highly sensitive to real-time operation poses the 
difficulty of optimal response; it is a daunting task to integrate static and dynamic 
data (maps and crowd emotion), and it is an arduous task to synchronize raw data 
from remote sensors with organized metadata and multimedia. Notwithstanding that 
such challenges of Big Data strategy for disaster management are still problematic, 
Big Data remains to be a cutting edge tool for emergency management. 

In the final analysis, it is necessary to bear in mind that Big Data isn’t free from 
limitations and hasn’t reached a stage where it can rely as a panacea to disaster risk 
management. As it stands now, amassing and processing massive data from multiple 
sources while satisfying the five ascribed merits of Bi Data known as volume, variety, 
velocity, veracity, and value makes its worth evolutionary rather than revolutionary 
and much effort should be exerted to enhance its usability for disaster prediction, 
prevention, mitigation, and recovery.
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