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Abstract

This study assesses the spatiotemporal development of land use systems and climate vari-
ability in Southwestern Ghana over the past five decades using integrated remote sensing
techniques and existing literature. We demonstrated the relationship between Normalized
Difference Vegetative Index, Normalized Difference Water Index, Normalized Difference
Built-up Index, surface temperature and precipitation using geoinformatics and Pearson’s
correlation coefficient (r). We found change in land use systems in Southwestern Ghana to
be immensely driven by economic and socio-political factors. Interestingly, some biophysi-
cal factors have somewhat contributed to this change. Findings revealed a drastic decline
in forested areas (—334.8 km? yr~!) and waterbodies (—4.79 km? yr™!), along with a dra-
matic increase in built-up (+137.93 km? yr~!) and farmlands/shrubs (+131.97 km? yr™}).
Change in prevailing microclimatic conditions can be associated with land cover change,
considering the impact of major drivers observed over the given period. Results showed a
very weak positive correlation between vegetation and temperature (r=0.214). Similarly,
built-up correlated positively with vegetation (r=0.165), water-index (r=0.818; strong
correlation or evidence of association) and temperature (r=0.266). In contrast, other used
variables correlated negatively with precipitation. The study serves a seminal guide to land
use developers and institutors for effective and sustainable use of natural resources.

Keywords Land use - Driving forces - Surface temperature - Forest transition theory -
Sustainable development - Ghana

1 Introduction

Historical development of land use systems and climate variability is anchored in underly-
ing theories such as Millennium Sustainable Development Goals (SDGs), Forest Transition
Theory (FTT), Climate Vulnerability and Adaptation, as well as, the concept of sustain-
ability. Obtaining accurate and up-to-date information on the spatial dimensions of land
use systems and climate variability is essential in gaining a comprehensive insight into a
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country’s overall political, socio-economic, technological and environmental status. Few
currently deny that extreme weather and climatic conditions are among the most pressing
problems of our times. There is general agreement among some schools of thought that
humans are intrinsically part of the problem and the solution (Jia et al., 2019; IPCC, 2000).
Land use cover change (LUCC) and climate variability first emerged as earth and atmos-
pheric concerns rather than a societal problem; it soon became clear that understanding and
addressing its global and local scope would require more than a narrowed approach. His-
torically, the link between climate change, land use and land cover (LULC) systems, eco-
system services and livelihoods in developing countries has been well established (Wang,
2016; Boon & Ahenkan, 2011; Guo, 2002; Wang et al., 2001). Global satellite launch and
data capture commenced in the late 1950s (Sodango et al., 2017). However, data capture
by countries varied across the globe post-satellite launch. Ghana’s spatiotemporal data cap-
ture for some key natural resources and climate variables commenced in the 1970s. Global
lands and other natural resources have undergone severe pressure, mainly due to a host of
factors and competitive interests. These pressures are driven by natural and anthropogenic
factors. For instance, conversion of forests into other land cover types and climate variabil-
ity have impacted several ecological processes and functions. Whether separately or com-
bined, these two phenomena pose devastating threats to all localities, especially those in
least developed countries (Obeng & Aguilar, 2015; Yiran et al., 2012; Kédyhko et al., 2011;
Yue et al., 2007; MEA, 2005; Mitchell & Csillag, 2001).

Climate variability and LUCC have been observed to be interlinked with evidence at vari-
ous scales according to IPCC’s special report on land and climate (Jia et al., 2019). On-going
global warming is associated wit2011h a mesoscale element like LUCC (Gichangi et al.,
2015; Manatsa et al., 2014). They constitute those that affect individual households through
the regional and continental scales (Mattah et al., 2018; Peters et al., 2008). Negative implica-
tions comprising induced single large climate events (Lambin & Meyfroidt, 2011; Fenger,
1999) increase in air pollution (Cheng et al., 2014; Lii et al., 2006), deterioration and impedi-
ment of water resources (Cai et al., 2016; Mensah et al., 2018; Schumann et al., 1991), altera-
tion of natural habitats, physiological processes and behaviour of some ecosystems (Gorgani
et al., 2013; Kalnay & Cai, 2003; Liu et al., 2011, 2014; Peters et al., 2008; Yue et al., 2007)
have been noted. Among the effects experienced by poor individual households are the mul-
tiplicity of health-related issues as well as poor living conditions. Vegetation co-exists with
climatic conditions (Chase et al., 1999; Yiran et al., 2012). Land use system analysis is an
essential component of LULC. Its development and uses are tied to several needs. First and
foremost, fundamental research into spatiotemporal development of LUCC inspires under-
standing on land use systems and processes. Secondly, vegetation, built-up and water indi-
ces have a relationship with LST and precipitation (Ullah et al., 2020). Hence, there is the
need to establish the link between various indices and climate variability in the study domain.
The quest of achieving Millennium Sustainable Development Goals (SDGs) 1, 2, 13 and 15
have increased the growing concerns for further commitments, investments, needed political
will, capacity building programs, change in lifestyles and behaviours to avert the known and
unknown (UN, 2016).

The past 50 years have seen unprecedented LUCC due to significant transformations
in the spatial development of land use systems in Ghana. This change is closely related to
the development of agriculture. The agricultural sector remains the main stay of Ghana’s
economy. The sector houses 50% of labour force and contributes 20% to the country’s GDP
(Doe et al., 2018; MESTI, 2015; GSS, 2014; NDPC, 2010). Livelihood dependence on the
sector results in the use of several tracts of land, increasing concerns to curtail risks associ-
ated with global food security, micro/macro-economic stability, foreign revenue through
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exports, employment rates and so on. Policies embedded in these parameters have fuelled
interests among interested parties to invest in large- and medium-scale (commercial) agri-
cultural activities. Several researches have attributed the root cause of LUCC in the coun-
try to expansion of croplands. Economic growth, on the other hand, was mentioned as an
important driver with accompanying rapid urbanization and industrialization processes
(Acheampong et al., 2018; Damnyag et al., 2017; Hengazy & Kaloop, 2015; Gougha &
Yankson, 2012; Kusimi, 2008). However, wildfire, pests, disease infestation and other nat-
ural disasters are not major drivers since their impacts are insignificant towards land cover
change in a country for several years (FAO, 2011; Attua, 2010; Chuvieco & Congalton,
1988). Consequently, this unceasing and unprecedented LUCC in Ghana has resulted in
habitat, productivity and biodiversity loss, pollution risks, alteration in prevailing micro-
climatic conditions, desertification, waste accumulation and other associated problems.
Several studies have confirmed a great deal of efforts to mitigate the negative impacts of
LUCC by the government of Ghana. The rate of forest cover decline was estimated to be
2.24% per annum between 2005 and 2010 (Forestry Commission, 2015; MESTI, 2015;
NDPC, 2010). Presently, Ghana’s Forestry Commission projects a 2% (1154 km?) annual
rate of deforestation (Forestry Commission, 2015; Oduro et al., 2015). Recent trends show
the most obvious LUCC in Ghana is the remarkable increase in agricultural lands across
the length and breadth of the country. Surprisingly, these unprecedented changes can be
observed in the northeast, east-central and southwestern regions of Ghana (Forestry Com-
mission, 2015). The increasing rate of farming activities and human settlements is unheard
of in the country’s history, foraying other land cover types which comprise Ghana’s savan-
nas, forests and woodlands. Between 1975 and 2000, agricultural lands amplified from 13
to 28% per the total land area of Ghana. This continuous dilation persisted from 2000 to
2013 where agricultural activities skyrocketed, reaching 32% of the country’s total area
size. This expansion has significance beyond the simple area numbers.

Studies have noticed a positive correlation between the extensiveness of agriculture or
economic growth, and environmental changes across the globe. According to Abbam et al.
(2018), Lwasa (2014) and Silitshena (1996), such changes constitute LUCC, biophysical
and biogeochemical changes as well as fluctuations in hydrological cycles. Apparently,
most of these studies were carried out using GIS and remote sensing imagery. In spite of
the complex nature of climate variability and LUCC, the essence of remote sensing/GIS
tools, existing literature, expert knowledge and experience on LUCC, driving forces, stake-
holder involvement, effectiveness of institutional and policy frameworks, among others,
cannot be overlooked (Sarfo et al., 2019; Yiran et al., 2012). Importantly, using satellite
imagery and existing literature have proven to be vital instruments in assessing historic
changes associated with spatiotemporal development of land use systems and microcli-
matic conditions (Barakat et al., 2019; Bora & Goswami, 2016; Changkakati, 2019).

Southwestern Ghana hosts the country’s rich natural resources which constitutes
gold, timber, bauxite, coffee, crude oil, cocoa, ecological reserves, national parks/wild-
life (eco-tourist sites) among others. Southwestern Ghana (wettest part of the country
with an average rainfall of 1600 mm per annum) receives the highest amount of rain-
fall among the other zones in Ghana. Again, the study area is noted to produce more
than half of Ghana’s cocoa productivity (Tsekpo, 2018) as well as timber. The com-
petitive interests in the use of these natural resources for various reasons among rel-
evant stakeholders have placed pristine environment under enormous pressure. These
reasons have partly driven the need to carry out this study, aimed at assessing the spa-
tiotemporal development of land use systems and climate variability in Southwestern
Ghana between 1970 and 2020. The study would propel practical capacity building at
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various regional and district levels through the development and strengthening of local
institutions in aspects related to sustainable land and natural resource use, adaptation
practices and climate-smart agriculture.

1.1 Forest transition theory (FTT) analysis: in the context of selected SDGs (1, 2, 13
and 15)

The Forest Transition Theory (FTT) as propounded by Alexander Mather during the 1990s
seeks to primarily assess forest recovery dynamics under numerous circumstances across
differing geographies (Rudel et al., 2005). It closely monitors changes in forest cover
from a state of deforestation to that of reforestation. Thus, it offers opportunities to ana-
lyse the push and pull conditions which play key roles in shifting non-forested areas to
forested areas (and vice versa), despite the theory’s focus on deforestation (Singh et al.,
2017). Arguably, some common causal factors responsible for loss of forested land area
include population increase, land right issues, agricultural modernization and forest reliant
practices among others. Conversely, sustainability policy implementation regimes, climate
change mitigation and adaptation, coupled with reforestation initiatives among others, con-
tribute to gains in forested land area (Grimm et al., 2008; Singh et al., 2017), and promote
forest transition efforts.

It is critical to mention that some popular studies have looked at the FTT concept from
differing standpoints. For instance, earlier in 2007, Perz argued that the quest for a modern
economy by nations defines their journey towards forest transition, thereby focusing on
the modernization theory’s linkage to forest transition (Perz, 2007). Later, Barbier et al.,
(2010), in their research viewed FTT as a ‘natural’ trend of ‘forest loss followed by forest
gain’ affected positively or negatively by policy favourability or non-favourability, respec-
tively. This review however, is not aimed at delving into differing views on FTT.

A close observation of some underlying factors for shifting land areas from degraded
to reforested status as indicated above, explicitly underscores key elements of ‘sustainabil-
ity’. In this regard, the objective of this brief analytical study is to review the relationship
between FTT and the Sustainable Development Goals (SDGs); specifically, SDGs 1 (No
Poverty), 2 (End Hunger), 13 (Climate Action), and 15 (Life on Land). This shall encom-
pass the assessment of socio-economic dynamics of land use, climate change impacts and
forest resource management. Studies have directly and indirectly reflected on the linkage
between ‘Sustainability’ and ‘FTT’ (Rudel et al., 2005; Turner et al., 2007; Mather et al.,
1998). When viewed through the lens of the SDGs, making gains in FTT application may
complement global efforts at achieving the SDGs 1 (No Poverty), 2 (End Hunger), 13 (Cli-
mate Action) and 15 (Life on Land) in various ways (Fig. 1).

2 Methodology

2.1 Description of the study area

The study area (Figs. 2 and 3) lies within latitude 5.3902°N and longitude 2.1450°W.
Southwestern Ghana is approximately 23,921 km? (9236 sq. mi) representing about 10 per-

cent of Ghana’s total land surface with a long stretching coastline of about 202 km from
Ghana’s border with Cote D’Ivoire to the area’s boundary with the central region. About
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Fig. 1 The forest transition theory (FTT). Source Adopted from Mather (1998)

75% of the nation’s high forest vegetation can be found in Southwestern Ghana. The popu-
lation of the region according to 2010 Population and Housing Census stood at 2,376,021
with 1,187,774 males and 1,188,247 females.

2.2 Satellite imagery and classification of land use systems

In this study, six Landsat images archived for the given period (1970-2020) from Landsat
5 MSS, Landsat 4 TM, Landsat 5 TM, Landsat 7 ETM +and Landsat 8 OLI/TIRS were
acquired from the United States Geological Survey’s (USGS) website (http://earthexplorer.
usgs.gov/). Images obtained from USGS website had visible and clear weather conditions
which cover the entire study area. ArcGIS 10.6, ENVI 5.0 and 5.3 were used for the image
pre-processing. Other image pre-processing procedures which were performed include
image calibration, layer stacking and supervised classification (Fig. 4).

The flow-diagram above illustrates a system process on where and how data were
acquired for this study, processed and analysed. LUCC type was determined using ENVI
(Maximum Likelihood Classification Algorithm (MLCA). Topographic maps of the study
area were designed using GIS tools. All data sets used in the study were geometrically cali-
brated using UTM Zone 30 North projection (Tables 1 and 2).

2.3 Change detection analysis

Change detection analysis was run to ascertain the regularity of land use systems and its driv-
ers in southwestern part of Ghana (1970-2020). The present study applied image differencing,
NDVI, post-classification and GIS techniques in determining the spatiotemporal development
of land use systems in Southwestern Ghana. These are common standard change detection
analysis techniques, used in several environmental monitoring and modelling related studies.
ArcGIS 10.6 was used to produce absolute pixels and the percentage of pixels in each LUCC

type.
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Fig.2 Location of the study area: a Map of Ghana b Southwestern Ghana

2.4 Temperature analysis
2.4.1 Image calibration (radiance)

Radiometric correction (radiance) was done to rectify atmospheric effects and enhance clar-
ity. Gap-filling was done for images that may have had stripes. Distortions in images were
removed in the calibration process. It was done in order to enhance the image quality before
other processes were carried out.

2.4.2 Digital number (DN) to radiance

The ETM+DN values range between 0 and 255. A conversion of DN to spectral Radiance
was done according to Coll et al. (2010) as retrieved from USGS Landsat User handbook. The
mathematical expression below was used to determine the radiance for the study area.

L (LMAX, — LMIN,)
» 7 (QCALMAX — QCALMIN)

x (DN — QCALMIN) + LMIN, (1)

where L, is cell value as radiance in W/ (M2 * ST % ﬂm), LMAX, is the sensor spectral radi-
ance that is scaled to (QCALMAX) in W/ (M2 * ST % ,um), LMIN, is the sensor spectral
radiance that is scaled to (QCALMIN) in [W/ (M2 % STk ym)]. (QCALMAX) is the maxi-
mum quantized calibrated pixel value to LMAX, [DN], (QCALMIN) is the minimum quan-
tized calibrated pixel value corresponding to LMIN, [DN] and QCAL is the quantized cali-
brated pixel value [DN]. The equation above can be observed from header files ETM + and
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TM datasets from USGS website. The LMIN and LMAX are the spectral radiances for
each band at digital numbers (DN) 1 and 255 for Landsat 7 ETM +, 1 and 65,535 for Land-
sat 8 OLI/TIRS. A is the wavelength. This was done using ArcGIS 10.6.

Conversion of Spectral Radiance (L,) to Kelvin with emissivity value:

= —K2
1n<K‘*E+1> )

Ly

Therefore, k, and k, become a coefficient determined by effective wavelength of a satel-
lite sensor (Table 3).

K,

= & L)+ 1] 3)

2.4.3 Conversion of spectral radiance (L,) to kelvin with emissivity value from Landsat
8

ENVI 5.0 software was used for the correction of thermal band 10 in order to remove
atmospheric distortions from the thermal infrared data (Table 4).

Since temperature is required to be in Degree Celsius (°C) (T,), results for various tem-
peratures must be converted from Kelvin (K) () to degree Celsius (°C). Conversion of
Kelvin to Degree Celsius:

Te =Ty —273.15 4)

where Ty is value at satellite brightness temperature (K) and 7 is temperature in Degree
Celsius.

2.5 Accuracy assessment

Accuracy assessment of land use classes was carried out for each period (1970-2020)
using different ground truthing sampled points from random locations using ENVI and
ArcGIS. These samples were overlaid on google earth pro for verification. Hundred (100)
samples were generated from each class (Table 2) in the classified images for the accu-
racy assessment, making a total of five hundred (500) samples. The user and producer’s
accuracy assessment were employed along with a confusion matrix that culminates rand-
omized and overall sampled points. The expression below was used to calculate the accu-
racy assessment:

AccuracyAssessment(A.A) = [(ASP /TSP) x 100] )

where ASP=Number of sample points that accurately falls on each required feature
(ASP=460). TSP =Number of total sample points generated (TSP =500). A.A = Accuracy
Assessment [(460/500) X 100=92%].

Therefore, the present study had 92% accuracy for the given years (1970-2020). A
higher value gives vivid accuracy to the raster map and features depicted on the map.
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Fig. 3 Forest vegetation in the study area. Source Adapted and modified from deGraft-Johnson et al. (2010)

2.6 Data analysis

The present study used GIS tools coupled with existing literature on LUCC and climate
variability in the study area for its analysis. Using satellite imagery and existing litera-
ture have proven to be vital instruments in assessing historic changes associated with spa-
tiotemporal development of land use systems and microclimatic conditions. Using satellite
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Fig.4 Flowchart illustrating data and image processing procedure
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Table 1 Description of imagery data used for land cover change study in Southwestern Ghana

Imagery type Year acquired  Resolution  Data source  Path Row

LANDSAT 5 MSS 1970s 30m USGS 194/195/208/209  054/055/056
LANDSAT 4 TM 1980s 30m USGS 194/195/208/209  054/055/056
LANDSAT 5 TM 1990s 30m USGS 194/195/208/209  054/055/056
LANDSAT 7 ETM + 2000 30m USGS 194/195/208/209  054/055/056
LANDSAT 7 ETM + 2010 30m USGS 194/195/208/209  054/055/056
LANDSAT 8 OLI/TIRS 2020 30m USGS 194/195/208/209  054/055/056

imagery and existing literature to detect and establish historical changes does not only vali-
date information on environmental changes observed in the study area but provide some
strategic directions to inform policies and choices for communities.
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Table 2 Description of land cover types identified in the study area

Land cover Description

Forests Areas dominated by closely knit trees and luxurious vegetative cover. It also
encompasses all vegetative areas that expose no bare soil

Built-up areas Residential, commercial and industrial areas are classified as built-up areas. Parks,
gardens, playing grounds and lorry stations within communities also fall under
this class

Bare land These are usually patches of land or rocks which are not covered by vegetation.

Bare lands are common in and near built-up areas. Lands that have been cleared
in readiness for building or farming fall under this class

Farmlands and shrubs  Describes all areas that portray sparsely located trees, shrubs, isolated thickets and
areas with non-tree crops

‘Water bodies Comprise rivers, lagoons, lakes and so on

2.6.1 Establishing a relationship between various input variables

The average maps of the input variables were stacked, and a random pixel sampling (10%)
(n=2,722,431) was performed to obtain information for each variable. The total number
of pixels for the study area are 28, 725, 130. The resulting dataframe (df) was cleaned,
normalized and used to calculate the Pearson’s correlation between the variables using the
Pandas (a python data analysis library). Correlation coefficients are statistics that measure
the relation between variables or features of datasets.

2.6.2 Pearson correlation: pandas implementation

Pearson’s correlation coefficient factors a dataset with two features: x and y. Given the
premise, the first value x; from x corresponds to the first value y; from y, the second value
X, from x to the second value y, from y, and so on. Again, there are n pairs of correspond-
ing values: (X}, y;), (X5, ¥,), and so on. Each of these x—y pairs represents a single obser-
vation. In addition, it measures the linear relationship between two features and connotes
the ratio of the covariance of x and y to the product of their standard deviations. The coef-

[T

ficient is denoted using the letter “r”. It can be expressed using the mathematical function:

-1

r= Zi((xi - mean(x)) (yi - mean(y))) \/Zi(xi - mean(x))2 Zi(yi — mean(y))2

(6)
From the expression above, i takes on the values 1, 2,..., n. The mean values of x and y
are expressed with mean(x) and mean(y). Interpretation of “r”” values:
“r” can assume any real value in the range —1 <r<1.
“r=1" connotes a strong positive linear relationship between x and y.
“r>0” indicates positive correlation between x and y.
“r=0" means x and y are independent.
“r<0” indicates negative correlation between x and y.
“r= — 1" shows a strong negative linear relationship between x and y.
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Table3 ETM +and TM thermal
band calibration constants.
Source Ghulam (2010)

Ky (Wm2sr~tum™") k,(Kelvin)

Landsat 7-ETM + 666.09 1282.71
Landsat 5-TM 607.76 1260.56

Table 4 Thermal constant, Band 10. Source Avdan & Jovanovska (2016)

K, 1321.08
K, 777.89

In summary, a larger absolute value of r indicates stronger correlation, closer to a linear
function. A smaller absolute value of r indicates weaker correlation.

3 Results
3.1 Change detection analysis between 1970 and 2020

Land cover classification from the five classes identified over the past five decades
indicate an overall conversion of each land cover type (Tables 5 and 6) based on class
total and image differencing results. Results generated for this study present evidence
in alteration and declension in LUCC over the past 50 years. The arch land use that
increased progressively over the study period was built-up and farmlands/shrubs. In
all, between 1970 and 2020 (see Annex I), bare land obtained an area of 342.20 Km?
(39.65%) and lost 75.43 Km? (—60.35%) to other classes. Built-up obtained an area
of 7431.62 Km? (217.48%) following a 6896.36 Km? (117.48%) increment gained
from other classes. Water bodies obtained an area of 635 Km? (51.84%) following a
239.48 Km? (—48.16%) loss to other classes. Farmlands and shrubs obtained an area of
8382.52 Km? (137.55%) following a 6598.30 Km? (37.55%) increment whilst forests
covered an area of 3572.50 Km? (40.48%) and lost 16,739.92 Km? (—59.52%) to other
classes (Table 6; Fig. 5).

Considering the overall conversions of LUCC systems (land cover changes between
periods) as depicted in Tables 5 and 7, bare land have decreased at a rate of 18.06%
(with 0.36% decline per year), built-up increased at a rate of 1288.36% (with 25.77%
increase per year), waterbodies declined by 27.39% (with 0.55% decline per year), farm-
lands and shrubs increased by 369.81% (at a rate of 7.4% increase each year) whilst for-
ests over the study period declined by 82.41% (at a rate of 1.65% each year).

3.2 Drivers of land use cover change

From a range of socio-cultural, economic, land reforms and institutional/state policies, demo-
graphic, technological and biophysical factors, over eight (8) key drivers (proximate and
underlying causes) have been highlighted in existing literature as major influences of LUCC in
the study area (Fig. 8) (Table 8). Major historical events (i.e. underlying causes of change) and
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the linkages between the main divers and the most important LUCC transitions are the impli-
cations of the changes drawn from findings of previous studies and spatial results generated
for this study over the past five decades (Table 8).

3.3 Temperature analysis

Figure 6 shows the temperature range on average was between 27.78 °C and 20.23 °C in the
1970s. However, the average temperature range for 1980s was between 30.44 °C and 27.78 °C,
which could be attributed to biophysical factors (i.e. bushfires/wildfires and prolonged dry-
ness that occurred in the 1980s), which caused significant rise in surface temperatures in the
study area. The average temperature range for the 1990s was between 28.88 °C and 25.45 °C.
Average temperature range for 2000, 2010 and 2020 were between 30.12 °C and 23.67 °C,
31.66 °C and 24.44 °C, as well as 33.76 °C and 24.54 °C, respectively. Dark red and yellow-
ish areas indicate areas with high or moderately high temperatures (these areas are heavily
characterised by built-up) whilst dark blue areas represent areas with low temperature (mostly
characterised by forest reserves or deciduous forests) with transient light blue zones.

3.4 Precipitation analysis

Rainfall data (in mm) archived for the study period were acquired from Trading Economics’
website (https://tradingeconomics.com/ghana/precipitation). The precipitation analysis was
performed using the Inverse Distance Weighted (IDW) interpolation to depict areas within the
study area with high and low average rainfall (Fig. 7).

The precipitation range was between 50.27 mm and 100.54 mm for the 1970s; that of the
1980s ranged between 38.25 mm and 50.11 mm. However, the precipitation range for the
1990s ranged between 25.85 mm and 70.77 mm. A range of 39.17 mm and 45.21 mm can
be observed for the 2000s; 10.70 mm to 39.85 mm is recorded for 2010, and 0.70 mm to
20.88 mm observed in early 2020.

The distribution above presents correlation analysis between various indices and climatic
variables. Considering the results generated in relation to “r” shows the impact or degree of
evidence identified by the present study as negligible; very weak or weak; least moderate or
moderate, and robust or strong correlation. Here,

0.5 > r < 1 connotes robust or strong correlation (evidence of association) between both
variables

0.5 > r < 0.6 means least moderate or moderate correlation (evidence of association) exist.

0.2 > r < 0.49 means very weak or weak correlation (evidence of association) exist.

Below 0.2 (r < 0.2) means limited or no evidence of association (negligible).

4 Discussion

4.1 Major influences of LUCC and its implications

The comparison of each class over the study period showed there has been a remarkable
change in LUCC of Southwestern Ghana during the last 50 years. Much of the changes is
directly correlated to human-induced factors especially the conversion of forest areas to

built-up areas and farmlands/shrubs. This therefore affirms the claim (Acheampong et al.,
2018; Damnyag et al., 2017; Kusimi, 2008; Mensah et al., 2019) that economic forces are
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Table 5 Area coverage for LUCC in Southwestern Ghana (1970-2020)

Area coverage for each class (km?) over the given period (1970-2020)

LUCC class 1970s 1980s 1990s 2000 2010 2020
Bare land 417.63 32091 2607.63 2134.04 1928.93 1607.11
Built-up areas 535.26 623.636 750.81 3278.45 4843.33 8212.04
Waterbodies 874.48 3120.54 2420.37 1708.19 1330.68 1192.43
Farmlands and shrubs 1784.22 5632.85 8002.66 11,093.37  10,283.95  10,391.86
Forests 20,312.42 1422692  10,991.20 6124 4439.02 1628.13
Total 23,924.01  23,924.86  24,772.67 24,333.05 22,83591  23,031.57

Table 6 Land cover changes between periods (%)

LULC class 1970s—1980s 1980s—1990s 1990s—2000 2000-2010 2010-2020 1970-2020
Bare land —23.16 +712.57 —18.16 -9.61 —16.68 —18.06
Built-up areas +16.51 +20.39 +336.66 +47.73 +69.55 +1288.36
Waterbodies +256.85 —22.44 —29.63 —21.87 —10.39 —27.39
Farmlands and shrubs  +215.7 +42.07 +38.62 -7.29 +1.05 +369.81
Forests -29.96 —-22.74 —44.28 —27.51 —63.32 —82.41

direct stimuli to the dramatic change in land cover or pristine environments. Table 6 illus-
trates specifically how built-up lands and farmlands/shrubs have increased at the expense
of natural vegetation, waterbodies and bare land.

Overall, the natural vegetation (forests) and waterbodies in Southwestern Ghana over
the given period reduced by 82% whereas areas covered by waterbodies reduced by
27%. The changes as illustrated in (Fig. 5) can be spatially observed across the length
and breadth of the study area. We observed that the changes experienced in land use
systems during the last 50 years, as depicted in Table 8 is primarily driven by economic
factors which constitute rapid increase in population growth and distribution, agricul-
tural activities, mining and illegal logging, state policies driven towards social interven-
tions and industrialization, boosting exports through foreign exchange, bridging housing
deficit gaps and poverty alleviation. The significant change, observed between 1980 and
beyond, was mainly as a result of biophysical factors (i.e. prolonged dryness and wild-
fires) that were experienced in 1983. Various reforms and economic policies-initiated
post-famine period till date are driven towards micro- and macro-economic stability as
well as enhancing social infrastructure. Technological improvement and the develop-
ment of new transportation networks which comprise railway networks to link major
towns and cities, as well as, new roads for cocoa growing areas, mining and crude oil
exploration towns have triggered changes contributing to the dramatic increase in built-
up environment during the last 50 years. Presently, most farmers among other indigenes
are trained in the use of several technologies, used to enhance productivity of cash crops
and other perennial crops grown in the region. Improving soil fertility and adapting
to climate-smart agricultural techniques among a host of technological equipment for
farming and mining by multinational and small-scale operators have degraded forests
and land resources in Southwestern Ghana (Fig. 8).
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Fig.5 LUCC changes over the past five decades (1970-2020) in Southwestern Ghana

Table 7 Rate and magnitude of change (sq.km) of LUCC in Southwestern Ghana (1970-2020)

Classes 1970s (sq.km) 2020 (sq.km) Magnitude of = Magnitude of Rate of
change (sq.km) change (sq.km)/  change (%)/
year year

Bare land 417.63 342.20 —75.43 —1.51 —-0.36
Built-up 535.26 7431.62 6896.36 +137.93 +25.77
Waterbodies 874.48 635 —239.48 -4.79 -0.55
Farmlands and shrubs =~ 1784.22 8382.52 6598.3 +131.97 +74

Forests 20,312.42 3572.50 —16,739.92 —334.8 —-1.65

Again, evidence of human-induced factors driving this dramatic change is exac-
erbated by some natural or biophysical factors emanating from climate change as
depicted in Table 8 and (Figs. 6 and 7). In effect, these drivers demonstrate a “causal
chain” where one cause (underlying cause) could lead to the other (direct cause). Per-
haps, “an effect” could drive “a cause”. For instance, reduction in forest areas through
various socio-economic activities could influence prevailing microclimatic conditions
(Figs. 6 and 7). Changes in prevailing microclimatic conditions could eventually cause
droughts and flooding which could affect farmlands, shrubs, waterbodies and so on.
Findings of this study are congruent with the stand points of Acheampong et al. (2018)
and Damnyag et al. (2017), who posited those economic and socio-political factors
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like urban sprawl, mining, state/institutional policies, population growth and distribu-
tion as well as expansion in agricultural activities, are major factors driving LUCC
in the study area. It is worthy to mention that efforts by the Government of Ghana
through the Forestry Commission, International organizations and some Community
Based Organizations (CBOs)/NGOs have over the past two to three decades, initi-
ated various schemes to avert the acceleration of deforestation and land degradation.
Among such interventions are re-afforestation projects outlined in sustainable forest
and land resource management policies like: GYEEDA, planting for food and jobs,
REDD + Hotspot initiatives or policies, as well as sensitizing farmers and indigenes on
climate-smart agriculture and alternative livelihood sources that do not degrade land
and forest. Some green projects or alternative livelihood source initiatives in the study
area constitute the Community Resource Management Area (CREMA) and the Addi-
tional Livelihood Support Scheme of the Enhancing Natural Forests and Agro-forest
Landscapes (ENFAL) projects. These initiatives provide a practical avenue for local
communities to economically benefit from managing their resources sustainably. Cre-
ating green alternative livelihood sources for local folks in various rural communities
across the entire study area could reduce the rate of urbanization and cater for future
requisition of processed timber among other factors that cause forest and land deg-
radation. In the quest of achieving SDGs 1, 2, 13 and 15, several livelihood options
like tree nurseries, mushroom farming, bee keeping, grass cutter rearing, soap mak-
ing, rabbit and snail rearing among other sustainable and cost-effective green projects
could manage competing interests among relevant stakeholders in the region. LUCC
in the study area is tied to several needs of various stakeholders. Hence, it is needful
to adhere to policies or initiatives that will meet the needs of interested stakeholders
while simultaneously protecting natural resources.

4.2 Various indices (NDVI, NDBI and NDWI), climatic variables and change
detection from 1970-2020

4.2.1 NDVI change detection of SW Ghana from 1970-2020

The estimated NDVI range for the 1970s was between —0.96 and 1. The range for 1980s
was between —0.97 and 0.79. The 1990s had a range of -0.93 and 0.81; 2000s had a
range of —0.85 and 0.75; 2010 ranged between —0.87 and 0.70, and 2020 depicted
an NDVI range of —0.90 and 0.64. Figure 9 illustrates a steady decline in vegetative
index over the study period. Larger values of NDVI represent forest areas due to higher
green biomass of trees and other vegetation. These areas as observed over the study
period (1970-2020) constitute mainly forest and wildlife reserves/parks, closed (dense)
and open canopies. Decrease in NDVI based on study findings could be attributed to
the main drivers highlighted in Table 8, which are primarily, economic, socio-political
and biophysical factors. This aligns with the assertions of Acheampong et al., (2018),
Damnyag et al. (2017), Kleemann et al. (2017) and Kusimi (2008) that the major factors
causing deforestation in the study area are economic and socio-political which consti-
tute population and economic growth, weak governance.

Quantification of differences in vegetation in Southwestern Ghana was visualized in
image differencing using NDVI for the study periods (1970s, 1980s, 1990s, 2000, 2010
and 2020). Areas marked with violet (Fig. 9) represent a highly negative change, thus,
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Fig.6 Temperature variations over the study period (1970-2020) in the study area

major reduction in vegetation cover as observed in the 1970s and 1980s. Such areas as
depicted in Fig. 9 are subdued by the sea or built-up environment. Yellowish and green-
ish areas indicate areas with moderate and dense vegetation cover, respectively, with an
increasing rate of agricultural areas (between 2000 and 2020).

4.2.2 NDBI change detection of SW Ghana from 1970-2020

Figure 10 illustrates changes in NDBI over the study period in Southwestern Ghana. It
is observed that NDBI ranged between —0.80 and 0.29 for the 1970s. The 1980s had an
NDBI range between —0.77 and 0.37, and —0.75 to 0.49 for the 1990s. Again, the NDBI
range for the 2000s was between —0.70 and 0.62. A significant increment was observed
in 2010 when NDBI ranged between —0.85 and 0.77; NDBI range for 2020 was between
—0.83 and 0.79. There is clear evidence of continuous expansion of settlements over the
study period in the study area. Dark red and yellowish areas indicate high presence of
built-up environment. Light green and green areas represent areas covered by farmlands
and shrubs as well as less dense vegetation. Dark blue areas represent areas covered by for-
est and wildlife reserves (deciduous and semi-deciduous zones) or water bodies as shown
in Fig. 10.
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Fig.7 Changes in rainfall amounts (in mm) received in specific zones over the study period (1970-2020) in
the study area

4.2.3 NDWI change detection of SW Ghana from 1970-2020

From the illustrations below, the NDWI range for the 1970s was between —0.85 and 1
whilst that of the 1980s was between —0.90 and 0.95. However, the range for the 1990s
was between —0.87 and 0.97. A significant change of —0.94 and 0.99 is observed for
the 2000s whilst 2010 had a range between —0.96 and 0.99. Finally, 2020 NDWI ranged
between —0.98 and 0.99. Figure 11 illustrates changes in water index over the study period.
Dark blue areas represent areas covered by the sea while light blue areas are covered by
rivers and other waterbodies. Greenish areas are areas covered by natural vegetation, for-
est reserves/parks whilst light green and yellowish areas are covered by farmlands/shrubs
and built-up environment (settlements) as observed during the past 50 years (Fig. 11). No
drastic change was observed for NDWI. Decline in waterbodies over the study period as
presented in Table 5 could be attributed to the dramatic increase in built-up areas and farm-
lands. In addition, biophysical factors like increase in surface temperatures (Fig. 6) through
evapotranspiration and other processes in Southwestern Ghana, coupled with fluctuations
in rainfall patterns (Fig. 7) could partly contribute to the decline in water areas in the study
region.

4.3 Relationship between various variable inputs

Monitoring ecosystems that are sensitive to climate change ensures a comprehensive
understanding of the link between some climatic variables and ecosystems. This insight
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Drivers and consequences of LUCC in South-eastern Ghana.

+
Direct Causes Underlying Causes
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(| High temperature | | Mining & Infrastructure T SO S ToWHN, 006
-Soil quality -Agriculture expansion producers’ price increment, Price increase in
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export sector, State policies driven towards
industrialization or structural transformation,
bridging housing deficit gaps, real estate
development, High employment rates, Limited
4 Agents: N or no income generating sources.
-State officials

-Private/Foreign multinational
or fransnational companies

3. Socio-politicalfinstitutional causes: Weak
governance structures, lack of monitoring & law

-Poachers enforcement mechanisms, policies driven
-Slash & Burn farmers towards development of Human Development
| -Non-timber forest product Indicators  (HDIs), incentives for cocoa
collectors producers, favorable policies to profit oriented
-lllegal chainsaw operators & . . |
stiallscalo TinGrs companies, lapses in sectoral policies and so on.
-Fuelwood/Charcoal 4. Technological causes: Mining technology,
b producers p transportation networks, agro-technical change
and efficiency.
5. Cultural causes: Lifestyle, societal behaviour,
values and beliefs towards the environment,
lack of education on sustainable forest and land
management, limited community/stakeholder
consultation/involvement (engagement).
\_ »
Consequences:

Land & Forest Degradation, Pollution & Health implications, Loss of
Biodiversity, change in prevailing micro-climatic conditions, Food
security & Water Resource Management, Decline in Soil Fertility

among others.

Fig.8 Drivers and consequences of LUCC in Southwestern Ghana

is critical for future land use planning and management. One of the key objectives of
this study was to examine the relationships between NDVI, NDBI, NDWI and some
climatic variables (temperature and precipitation). Surprisingly, results indicated NDVI
and temperature were positively correlated (r=0.214) (Table 9). This means both NDVI
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and LST are increasing steadily which partly agrees with the findings of most studies
considering the period (December-harmattan season) the data was captured among
other reasons (Guo, 2002; Sun & Kafatos, 2007; Wang, 2016; Wang et al., 2001). Sev-
eral studies have depicted a negative correlation (Gorgani et al., 2013; Liu et al., 2011;
Yue et al., 2007) between NDVI and LST. The reasons for this result in the case of
Southwestern Ghana could be attributed to the increase in farmlands/shrubs and grass-
lands, which does not significantly influence surface temperature. Thus, the impact of
grasslands and farmlands/shrubs is marginal unlike forests or natural vegetation. Hence,
as farmlands/shrubs (Table 6) (Fig. 5) increased during the study period, LST also
increased steadily. More so, the presence of waterbodies in randomly sampled zones,
used for the present study could somewhat cause NDVI and LST to be positively cor-
related as revealed by (Guo, 2002; Wang et al., 2001). However, the study area does not
have major or more waterbodies that could affect the results generated since the random
points generated were evenly distributed in the study area. Again, further analysis was
conducted to remove sampling points that fell within zones of waterbodies to validate
findings. Results generated indicated a very weak positive correlation (r=0.214) was
detected by the present study which somewhat validates the presence and increase in
farmlands/shrubs and grasslands. Contextually, a very weak positive correlation gener-
ated for NDVI and LST eventually indicates very weak evidence of association exists
for the two given variables in the study area.

On the other hand, NDVI and precipitation had a negative correlation (r= —0.11).
Here, the decreasing trends in vegetation coverage (forest areas) and increasing trends
in farmlands/shrubs and grasslands (Fig. LULCC), had resulted in the changes in rain-
fall patterns (Table 9) (Figs. 7 and 9). This result corroborates with the initial findings
of Changkakati (2019) and the results of Bora and Goswami (2016). They attributed
the negative correlation to growing monsoons among a host of other factors. Mitchell
and Csillag (2001) in their study concluded that precipitation was a critical variable for
vegetation in the mixed prairie ecosystem. Only the general correlation and regression
between vegetation index and some climate elements were compared in their study. A
thorough study should be conducted to reveal how precipitation is critical, which period
of the season is worth noting for precipitation, coupled with which vegetation type is
more delicate to precipitation. A negative correlation of (r= —0.11) is however neg-
ligible; since there is insufficient evidence of association to support the relationship
between NDVI and precipitation per the results generated for this study.

We observed temperature and NDWI were positively correlated (r=0.342) (Table 9)
(Fig. 12a). The findings in the study agreed with the standpoints in previous studies
(Abbam et al., 2018; Aduah & Baffoe, 2013; Logah et al. 2013). They revealed increas-
ing temperatures in the study area could influence NDWI through high evaporation as
well as expansion of waterbodies due to high temperatures. This somewhat explains
why LST (Fig. 6) is positively correlated to NDWI during the past 50 years. NDWI
and precipitation had a negative correlation (r= —0.305). It could also be observed that
NDVI and NDWI have a positive correlation (r=0.540). Both indices per results in
(Figs. 9 and 11) show a decreasing trend. Results (r= —0.305) proved a weak correla-
tion exist between temperature and NDWTI variables in the study domain. Hence, weak
evidence of association exists for the given variables.

Results revealed NDBI is positively correlated to LST (r=0.265; very weak correla-
tion/evidence of association), NDWI (r=0.818; the study detected a strong correlation or
evidence of association between NDBI and NDWI), NDVI (r=0.165) and negatively cor-
related to precipitation (r= —0.189). Positive correlation between NDBI and LST shows
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Fig.9 Changes in NDVI over the study period (1970-2020) in Southwestern Ghana

that, drastic increment in built-up (Fig. 10) has resulted to an increase in surface tempera-
tures (Fig. 6). Also, the positive correlation between NDBI and NDVI shows an increase
in built-up (settlements) (Fig. 10) and farmlands/shrubs and grasslands (Fig. 5) (Table 5).
The negative correlation (Table 9) between NDBI (Fig. 10) and precipitation shows a
significant increase in built-up environment has resulted to a decline in rainfall amounts
received (changes in rainfall patterns) (Fig. 7). Our findings corroborate with the assertions
of (Abbam et al., 2018; Aduah & Baffoe, 2013; Aduah et al., 2012; Mensah et al., 2019)
on built-up’s influence on LST and precipitation. Precipitation and LST per the distribution
above (Table 9) (Fig. 12b) show an inverse correlation (r=—0.155). In effect, an increase
in LST (Fig. 6) has resulted in the fluctuations in rainfall patterns (Fig. 7) in the study area.

LUCC associated with biophysical variables such as vegetation index and climatic data
provides the type of information required for categorization and etching of habitats. Ghana
has experienced severe loss and fragmentation of natural vegetation over the last 50 years
(Forestry Commission, 2015). Findings based on major influences have accounted for the
dramatic loss in vegetation, and a significant increase in built-up and farmlands/shrubs.
Among the two factors stated above, human-induced factors mainly driven by economic
and socio-political factors as presented in Table 8 (Fig. 8) have influenced these unprece-
dented changes during the last 50 years in Southwestern Ghana. The potential human driv-
ers in the study area have been explored in several local studies in different scopes. Some
studies (Abbam et al., 2018; Acheampong et al., 2018; Aduah & Baffoe, 2013; Aduah et al.,
2012; Damnyag et al., 2017; Kusimi, 2008; Mensah et al., 2019) confirmed that decreas-
ing trends in vegetative coverage and land degradation in the study area were attributed to
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urban sprawl, industrialization, expansion in farmlands, mining and illegal logging of tim-
ber, population growth and distribution, as well as weak governance. Findings presented
in this study indicated built-up (i.e. increase in human settlements, population growth and
distribution, and infrastructure among other factors) and farmlands/shrubs (i.e. expan-
sion in agricultural activities and so on) are the two major LUCC classes, driving major
changes in the region. Importantly, the need to regulate various needs, tied to the use of
natural resources in the region must be prioritized in our quest to achieve the Millennium
Sustainable Development Goals. The study area is vital to the growth and development of
Ghana’s economy, hence, competing interests among relevant stakeholders in the use of
natural resources must be major area of concern. Advancement in technology, observed in
transportation networks and other infrastructure, as well as agricultural activities, mainly
to boost exports and productivity, has amplified the conversion of natural vegetation zones
into farmlands and built-up environments.

The present study therefore recommends the need for remote sensing in contempo-
rary forest and sustainable land management. The study showed more land cover will be
targeted for conversion as farmers expand their farmlands and adapt to new technologi-
cal approaches to improve productivity, considering the increasing rate of producer price
index for cocoa and other cash crops on the international market. LUCC known as a
mesoscale element and a contributing factor to climate change, makes it a topical issue
for effective management, planning and inventory mapping. Land conversion scenarios
highlighted in the study are very useful for stakeholders to better understand the environ-
ment. Using remote sensing and GIS techniques to monitor environmental change gives a
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Table 9 Pearson’s correlation coefficient (r) between various indices and climatic variables

Variables Temperature NDWI NDVI NDBI Precipitation
Temperature 1 0.343 0.214 0.266 —0.155
NDWI 0.342 1 0.540 0.818 —0.305
NDVI 0.214 0.540 1 0.165 -0.110
NDBI 0.266 0.817 0.165 1 —0.189
Precipitation -0.155 —0.305 -0.110 -0.189 1

comprehensive view into the general ambience of Southwestern Ghana. The maps and sta-
tistics generated can be applied to assess the impacts of the land use changes on the local
hydrology and provide a better basis for future land use planning.

5 Conclusion

The study utilised remote sensing data to assess the spatiotemporal development of land
use systems, drivers and climate variability in Southwestern Ghana over the last 50 years.
An attempt was made to determine the historical changes in NDVI, NDWI, NDBI, LST
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and precipitation. Through this study, we found that Southwestern Ghana had experi-
enced substantial LUCC, with a decline in forested areas, waterbodies and bare land. This
research further revealed a significant increase in built-up areas and farmlands/shrubs.
Key variables that influenced prevailing microclimatic conditions can be associated with
LUCC, considering the nature of proximate and underlying drivers, observed in the study
area during the last five decades.

Here, the study established a relationship between the variable inputs mentioned above
using Pearson’s correlation coefficient. Monitoring ecosystems that are sensitive to climate
change ensures a comprehensive understanding of the link between some climatic vari-
ables and ecosystems. Findings revealed surface temperatures had increased steadily over
the study period coupled with fluctuations in rainfall. The study depicted a positive correla-
tion between NDVI and LST. NDBI, on the other hand, correlated positively with NDVI,
NDWTI and LST. In contrast, NDVI, NDBI, NDWI and LST correlated negatively with pre-
cipitation. Findings based on image differencing and spatial analysis over the past 50 years
were validated using previous studies related to LUCC studies in Ghana and other parts of
the world. Therefore, it can be concluded that the substantial change in LUCC in the study
domain are immensely driven by human-induced factors which constitute economic and
socio-political factors.

We demonstrated that the synergies of satellite imagery and GIS technologies serve as
powerful tools for mapping and detecting changes in LULC. This research conducted in
Southwestern Ghana using these modern technologies in conjunction with existing litera-
ture showed a remarkable change in land cover. We advocate the need for strict execution
of appropriate land use policies to sustain food production, coupled with other competing
interests in the utilization of natural resources in the study area within this era of changing
climate, population increase and economic growth. The study serves a seminal guide to
land use developers and institutors for effective and sustainable use of natural resources.
We therefore propose an integrative rural-urban growth management strategy that culmi-
nates spatial planning and environmental resource governance to avert the negative conse-
quences on the natural environment of unfettered socio-economic development. The spa-
tiotemporal analysis and characterization of LULC transformation, presented in this study
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Fig. 12 Pearson’s correlation coefficient () between various indices and climatic variables. a Correlation
between NDWI, NDVI, NDBI and temperature. b Correlation between NDWI, NDBI, NDVI and precipita-
tion
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have implications for both theory and policy. The present study’s approach and underlying
theories in determining the spatiotemporal development of land use systems, influences
and climate variability could be extended to other areas to bridge the knowledge gap in
LUCC related studies. Again, the main drivers of LUCC as presented in this study could be
further analysed using multi-criteria decision-making (MCDA) tools and determining the
contribution rates of various indices towards the changes in surface temperature and pre-
cipitation to substantiate the assertions or hypothesis given in this and other related studies
conducted in the study area.
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