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Preface

The provision of climate services, by means of customised tools, products and
information based on climate data, is a growing trend. There are, however, some
problems associated with it. One of them is the fact that even though climate
services are important, they are not as widely used as they could—or should—be.
In addition, information on climate services is often not widely available.
Moreover, there are many modalities of climate services which are not duly doc-
umented or disseminated. Finally, the quality of some quality services is sometimes
not as good as it should be. This state of affairs means that many good opportunities
to use climate services in support of projects, investments or in future policies and
decision-making, are being lost.

Based on the perceived need to promote and disseminate information on climate
services, the Handbook of Climate Services has been produced. This volume pre-
sents information, experiences, practical initiatives and projects around the subject
matter of climate services, making it available to a wide audience. It is expected that
this publication will make the many benefits of climate services clearer and, inter
alia, lead to an increase in the demand for such important services.

This volume contains contributions from across various areas related to climate
services. These include:

i. Theory and practice of climate services
ii. Provisions of climate services
iii. IT-based approaches and methods to deliver climate services
iv. Case studies in climate services
v. Community-based climate services
vi. Using climate services in support of policies and decision-making
vii. Collaboration and co-delivery of climate services
viii. Raising demand for climate services
ix. Market for climate services
x. Using climate services to meet mitigation and adaptation needs.

v



Structurally, the book consists of two parts. Part I presents an overview of the
principles, philosophy and applications of climate services. Part II presents a set of
case studies, which illustrate how climate services may be deployed in practice.

Thanks to its scope, this book will not only provide essential scientific infor-
mation, but also describes facts, trends and case studies from various geographical
regions.

We would like to thank the authors for their willingness to share their experi-
ences and the reviewers for supporting us with the development of the manuscripts.
We hope this book will foster a broader understanding of the subject matter of
climate services and will support their promotion and dissemination across the
world.

Hamburg, Germany Walter Leal Filho
Daniela Jacob
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Part I
Principles, Philisophy and

Applications of Climate Services



Chapter 1
Introducing Climate Services and Their
Applications

Walter Leal Filho

Abstract This introductory chapter defines climate services and outlines their
nature, as processes which deliver climate information to a wide range of users.
It also describes some application and the barriers experienced in the dissemination
of climate services, and introduces the chapters of this book.

Introduction

Knowledge about climate change plays a crucial role in guiding both, mitigation
and adaptation processed. The pressures posed by climate change on the one hand,
and the advancement in climate science on the other, have led to the prioritizing the
development and provision of Global Climate Services by public and private organi-
sations and specialist institutions (Jancloes et al. 2014). Climate services are defined
as those related to the generation, interpretation, transmission and application of
climate knowledge and information for the decision making and further planning.
Climate services provide the most recent knowledge about climate science, in sup-
port of adaptation strategies for agriculture, water, health and other sectors (Climate
Services Partnership 2015). The difference between climate service from climate
research is that it focuses at serving user requirements which later helps in the under-
standing of climate systems. Apart from helping to prepare to manage the effects of
climate change, one of the mains aim of climate services is to provide up to date
climate-related knowledge and information which can be further used to reduce cli-
mate related disaster risks, and to improve welfare (Vaughan andDessai 2014;WMO
2012, 2019).

One of the features of climate services is that the climate information processed is
provided in a suitable format which allow it to be used by a variety of groups. These
include:
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(a) policy-makers,
(b) planners,
(c) investors,
(d) other user groups (e.g. farmers).

The data required, be it in respect of temperature, rainfall, wind or soil moisture,
among others, is provided in the ways required by the users. If needed, long-term
historical averages of these parameters, with vulnerability maps and risk analysis
may also be provided. Climate data may also be combined with non-climate data i.e.
health trends, agriculture production, population distribution in high-risk areas, and
other socio-economic variables, depending on users´ requirement (GFCS 2012).

The list of climate service providers, which act in the nexus climate science, policy
and process. Include a variety of organisations (Vaughan and Dessai 2014) such as:

• International Service Structures—World Meteorological Organization Climate
Service

• National Climate Service Providers—NOAA Climate Services, Climate Service
Center, Germany

• Regional Climate Services—Australia National Climate Center
• Research Institutes—The Climate Impacts Group (CIG) of the University of
Washington

• Private Sector Services—Climate Risk Analysis, Predictia, and Climpact
• Climate Services across Scales.

There are also organisations, such as meteorological services, which offer climate
services. Table 1.1 shows a list of climate services around the world.

Figure 1.1 provides a framework of climate services. It shows that it consists
of information provision based on the availability of good quality data, which may
allow an interpretation of trends. All these elements interact. Combined, they may
ultimately lead to improved decision-making.

There aremany factors which speak for the use of climate services. These include:

(a) The pressures posed by a changing climate which leads to a greater demand for
timely, reliable and technically sound information

(b) The multiple uses of data, from support to mitigation efforts, to a concrete use
in adaptation efforts

(c) The multi-stakeholder dimension, which enables the mobilisation of a variety
of users

(d) The concrete support to cope with extreme events
(e) The provision of support to administrations, enterprises and other organisations

which need climate information.

One further characteristic of climate services is the existence of variousmodalities
of applications. Figure 1.2 illustrates some of them.

Unlikely widely believed, the provision of climate services is not solely related
to the availability of information on weather and climate. Rather, climate services
encompass also support to the identification of possible (or likely) risks, proving



1 Introducing Climate Services and Their Applications 5

Table 1.1 Some existing climate services providers

Climate services Country Website

World Meteorological
Organization Climate Services

International http://www.wmo.int/pages/
themes/climate/climate_
services.php

Food and Agriculture
Organization of United
Nations—climate change
resources

International http://www.fao.org/
climatechange/59898/en/

Red Cross Climate Center International http://climatelab.org/Red_Cross_
Red_Crescent_Climate_Centre

NOAA (National Oceanic and
Atmospheric Administration)
Climate Services Portal

USA http://www.ncdc.noaa.gov/oa/
climate/regionalclimatecenters.
html

Australia National Climate
Centre

Australia http://www.bom.gov.au/climate/

China Meteorological
Administration (CMA) Climate

China http://www.cma.gov.cn/en2014/

Caribbean Community Climate
Change Centre (CCCCC)

Caribbean Community http://www.caribbeanclimate.bz

Fiji Meteorological
Services—Climate Services

Fiji http://www.met.gov.fj/

Southern African Development
Community—Climate Services
Centre (SADC CSC)

South Africa https://www.sadc.int

Climate Service Center,
Germany

Germany https://www.climate-service-
center.de/

UK MET Office—Climate
Services

UK https://www.metoffice.gov.uk/
services/research-consulting/
climate-service

KNMI Climate Services Netherlands https://www.knmi.nl/research/
climate_services/

Météo-France Climate Section France http://www.meteofrance.com/
accueil

Source Modified from Medri et al. (2012)

valuable information which may be deployed in support of investment decisions or
policies.

But despite the relevance of and the need for climate services, there are some
barriers which hinder their deployment. These are described in Table 1.2.

This list is by no means exhaustive. Other barriers which may be added include
possible problems related to the lack of quality regarding the information offered
by the scientific community, as cross-checked against the needs of diverse potential
users (Brasseur andGallardo 2018). In some developing countries, up to dateweather
information may not be available, which would make it difficult to deploy climate

http://www.wmo.int/pages/themes/climate/climate_services.php
http://www.fao.org/climatechange/59898/en/
http://climatelab.org/Red_Cross_Red_Crescent_Climate_Centre
http://www.ncdc.noaa.gov/oa/climate/regionalclimatecenters.html
http://www.bom.gov.au/climate/
http://www.cma.gov.cn/en2014/
http://www.caribbeanclimate.bz
http://www.met.gov.fj/
https://www.sadc.int
https://www.climate-service-center.de/
https://www.metoffice.gov.uk/services/research-consulting/climate-service
https://www.knmi.nl/research/climate_services/
http://www.meteofrance.com/accueil
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Fig. 1.1 Framework of
climate services

Fig. 1.2 Some modalities of
climate services

Table 1.2 Some of the barriers to the dissemination of climate services

Barrier Impact

Limited access to technology Limits the options and access to up to date
information in some contexts (e.g. developing
countries)

Low levels of awareness Limited information about the benefits of climate
services

Restricted data availability Reduces the scope of use of climate services

Need for multi-stakeholder engagement Adds complexity to the design and use of climate
services

Lack of frameworks Unsystematic use of climate services
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services. Moreover, the key issue in integrating climate services is budgeting should
bementioned, since government budgets are usually assigned sectorally (Bettencourt
2015), whichmaymake inhibit the allocation of specific funding for climate services.

But despite the barriers, climate services do offer various benefits at the commu-
nity level, at the individual level, and to the environment as well. For instance, in
agriculture, climate services can enhance awareness regarding the possible climate
risks and help farmers in deciding on particular crops, plantation timing, and fertil-
izers’ application to mitigate the impact of climate risk on agriculture (Vaughan and
Dessai 2014). Moreover, disaster risk reduction can be pursued, by prior information
obtained from climate services. The broadcasting of warnings related to hazards can
help appropriate preparedness measures, and ultimately protect lives. In addition,
data observation on extreme weather events can help increase livelihood’s security
(Dutton 2002; WMO 2012). Moreover, climate services may be used to raise aware-
ness regarding the patterns and burdens of many diseases related to the environment,
which may prevent the population from getting infected (Global Framework for
Climate Services 2012). Indeed, the inclusion of climate information in health plan-
ning is one of the promising areas of climate services, which may assist the health
community (Shafer 2008).

Another advantage of climate services is the support of sustainable tourism devel-
opment, and adaptation to climate change as a whole. The use of historical climate
information can be beneficial for infrastructure planning for tourism, location anal-
ysis for new resorts, architectural and landscape designs (Scott et al. 2011). Overall,
climate services may be helpful tools to climate change resilience (Leal Filho 2019)
and may contribute towards achieving it.

Experiences from This Book

This book encompasses a set of papers, which explore the different dimensions of
climate services. Saleem Khan and Amsad Ibrahim Khan for instance, introduce
“BASIEC”, a coastal climate service framework for community-based adaptation
to rising sea-levels. Abbadi Girmay Reda describes some methods for geospatial
climate change detection and resilience through nature conservation in Ethiopia.
Jahir Anicama Diaz discusses a state of the art socio-economic valuation tools for
climate services.

Haile Arefayne Shishaye provides an overview of nitrous oxide emissions from
agricultural farms and how this contributes to global warming.

Markus Groth outlines some business strategies and climate change, with a pro-
totype development, as well as testing of a user specific climate service product for
companies, whereas Steffen Bender describes why there is more to adaptation than
creating a strategy.

Saleem Khan tackles, with the paper “COREDAR: A coastal climate service
framework on sea-level rise risk communication for adaptation policy planning”,
issues related to climate change services focusing on sea-level rise.
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Esther Hoffmann provides an overview of what users expect from climate adapta-
tion services, whereas Karianne de Bruin outlines the links between physical climate
risks and the financial sector. Åshild Hauge discusses the role of public-private coop-
eration for climate adaptation, providing insurance loss data to the municipalities.
The need to assess climate services was analysed by Maida Zahid, who looked at
how to enable users to assess the quality of multi-model climate projections and
derived products. Marcela Scarpellini outlines the need for science-based informa-
tion, describing a requirement for top-down and bottom-up decision-making pro-
cesses, whereas Hannah Helmke describes the provision of climate services and the
XDC Model.

At a case study level, Busuttil and Galdies describes a climatological global solar
UV index, with ameasurement and link with health issues inMalta, whereasMichael
Addaney outlines climate change risk and insurance as an adaptation strategy, with
an inquiry into the regulatory framework of Ghana and South Africa.

Sajal Roy writes on the impacts of climatic disasters in the coastal area of
Bangladesh, using ‘Climate Services’ as a way-forward. Andrea Rossa, in turn,
outlines trends towards more resilient food systems for smallholder farmers in the
Peruvian Altiplano. Perdinan, on the other hand, outlines how weather services are
used for forecast based early actions in Indonesia. Other case studies are from:

(a) Uganda: appraising climate services and impacts on adaptation and mitigation
to climate change (Mwangu Alex Ronald)

(b) Bangladesh: climate information services and their potential on adaptation and
mitigation (Muhammad Abdur Rahaman)

(c) Nigeria: communicating Climate Change impacts as manifested in extreme
weather (Ayansina Ayanlae)

(d) Sri Lanka: climate-indexed insurance as a climate service to drought-prone
farmers (Pahan Prasada)

(e) Ethiopia: Geospatial Climate Change Detection and Resilience through Nature
Conservation in Ethiopia (Abbadi Girmay Reda) and Food security in the face
of a climate change at Kafa Biosphere Reserve (Teowdroes Kassahun)

(f) Zimbabwe: A participatory approach to developing community based climate
services (Juliet Gwenzi)

(g) Serbia: Climate services for climate resilient planning of natural and cultural
heritage (Tijana Crnčević).

Both, individually and combined, the experiences from the authors illustrate the
fact that engagement and collaboration are very useful on how to best prepare for
and provide climate services.

Conclusions

Climate services offer reliable support in efforts towards climate change mitigation
and adaptation. As the subsequent chapters of this book show, climate services can
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offer effective support to decisions which can increase the resilience of sites, cities
or regions, making them better prepared to manage the effects of climate change and
extreme events.

But in order to yield maximum benefits, climate services should ideally follow
the principle of co-production, meaning that apart from weather and climate data,
they need to also take into account traditional and local knowledge, hence providing
a basis for climate smart practices, from agriculture to pastoralism, especially in the
developing world.

Apart from the key role they can play in decision-making, one of the major
advantages of climate services is their proven support in the better understanding—
and often anticipation—of disaster and risks, helping to reduce the uncertainties
related to climate change.
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Chapter 2
BASIEC: A Coastal Climate Service
Framework for Community-Based
Adaptation to Rising Sea-Levels

A. Saleem Khan, M. Sabuj Kumar, R. Sudhir Chella and B. Devdyuti

Abstract Climate change induced sea-level rise poses serious threats to coastal
regions across the world and the communities in the low-lying coastal regions are
at high risk. Building capacities of coastal communities to adapt to sea-level rise
are increasingly high priorities for low-lying coastal regions. Climate services are
believed to be a powerful mechanism to build capacities of communities, particu-
larly at the local level. It focuses on the connection between climate science and
public demand for information and services. In this context, this chapter empha-
sizes the importance of community-based climate services that build the capacities
of local communities to prepare, manage and adapt to rising sea-levels. This study
has put forth three research questions such as (1) what services do the coastal com-
munities require; (2) how these services need to be delivered; (3) what are all the
roles of climate services that can help in building capacities of coastal communities
and involve them in the community-based adaptation decision-making process? This
study has adopted themethodology following the recommendations and guidelines of
the UNFCCC, the Global Framework for Climate Services (GFCS) and Fifth Assess-
ment Report of IPCC, on climate information and services. As a result, this study
has introduced BASIEC (Building capacities for Adaptation to Sea-level rise through
Information, Education and Communication for coastal communities), a coastal cli-
mate service framework for community-based adaptation to rising sea-levels. The
framework emerges from theoretical and empirical knowledge of community-based
climate services and offers a holistic approach for integrating information, commu-
nication and education through the lens of climate change and sea-level rise. Thus, it
provides a systematic starting point and guidance for local level coastal climate pol-
icy planners, decision-makers, researchers, local communities and others who hold
a stake on coastal climate services for community-based adaptation to changing
climate in general and sea-level rise in particular.
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Introduction

The Paris Agreement sets a long-term temperature goal of holding the global average
temperature increase to well below 2 °C, and pursuing efforts to limit this to 1.5 °C
above pre-industrial levels (Schleussner et al. 2016). Even if greenhouse gas emis-
sions were stabilized in the near future, thermal expansion and melting of glaciers
would continue to raise the sea level for many decades (Natesan and Parthasarathy
2010). Sea-Level Rise (SLR) in this case has been defined as the combination of cli-
mate induced rising sea-levels, intensified storm surges, frequent cyclones, extreme
flood events etc. The Fifth Assessment Report (AR5) of the Intergovernmental Panel
on Climate Change (IPCC) has projected SLR for all four Representative Concen-
tration Pathways (RCPs), based on CMIP5 climate projections. Global mean SLR
for 2081–2100 relative to 1986–2005 will likely be in the range of 0.26–0.55 m for
RCP 2.6, 0.32–0.63 m for RCP 4.5, 0.33–0.63 m for RCP 6.0, and 0.45–0.82 m for
RCP 8.5 (Church et al. 2013; IPCC 2013; Ramachandran et al. 2017; Khan et al.
2018). It is virtually certain that in the coming decades, the expected acceleration of
SLR in response to continuing global warming will exacerbate the vulnerability of
many low-lying, densely populated coastal regions of the world, and very likely will
become a major threat in the near future for a significant fraction of human beings
(Cazenave and Cozannet 2013). Globally, each year, millions of people experience
coastal flooding, often leading to inequalities for vulnerable populations. It is in
these communities that the adverse effects will be the most prominent (Moth 2008).
However, SLR poses an ominous threat because 10% of the world’s population (634
million people) lives in low-lying coastal regions within 10 m elevation of sea level
(McGranahan et al. 2007; Fitz Gerald et al. 2008). This threatened population is
growing significantly (McGranahan et al. 2007), and it will almost certainly increase
in the coming decades, especially if the strong tendency for coastwardmigration con-
tinues (Nicholls 2011). However, the vulnerability of coastal communities to SLR
depends on their exposure to climatic hazards such as storms, floods and cyclones,
erosion, ecosystem changes, and saltwater intrusion. These types of events are likely
to become more frequent and intense as sea level rises (Tol et al. 2008).

Adaptation is one of the significant measures that reduce vulnerability to actual or
expected climate-change effects (Khan et al. 2012). It enables coastal communities to
limit their vulnerability by averting or reducing potentially negative consequences of
SLR while benefiting from potentially positive consequences (Tol et al. 2008). IPCC
in its Fifth Assessment Report defines adaptation as “the process of adjustment to
actual or expected climate and its effects. In human systems, adaptation seeks to
moderate or avoid harm or exploit beneficial opportunities. In some natural systems,
human intervention may facilitate adjustment to expected climate and its effects”
(IPCC 2014). However, until recently, most adaptation efforts have been top-down,
and little attention has been paid to communities’ experiences of climate change and
their efforts to cope with their changing environments (Reid et al. 2009). Emphasis
was placed on applying ‘bottom-up’ participatory processes to identify the climate
change problem and appropriate local responses to this problem (Ayers and Forsyth
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2009). Also, providing a means to overcome uncertainties relating to climate vul-
nerability and impacts, Community-based adaptation (CBA) has increasingly gained
traction among national governments and international non-government organization
(Reid and Huq 2014; Jamero et al. 2018). It is defined as ‘a community-led process,
based on communities’ priorities, needs, knowledge, and capacities, which should
empower people to plan for and cope with the impacts of climate change’ (Reid and
Huq 2014). It focuses attention on empowering and promoting the adaptive capacity
of communities. It is an approach that takes context, culture, knowledge, agency, and
preferences of communities as strengths (IPCC 2014).

Capacity building has long been accepted as a critical element for improving
responses to climate change (both mitigation and adaptation) at the local, urban and
national level (Archer and Dodman 2015). It is a key issue for climate adaptation
measures (Hartmann and Spit 2014) and it is one of the most urgent requirements for
addressing climate risk, such as SLR, particularly at the local level (IFRC2009; Khan
2017). It is defined as the practice of enhancing the strengths and attributes of, and
resources available to, an individual, community, society, or organization to respond
to change (IPCC 2014). Thus, it is important to engage in community mobilization
and awareness raising through designing activities that are tailored to local practices
and establish strong relationships with the communities to enable sustainable actions
to involve the key stakeholders in adaptation action and enhance capacity building
(Khan 2017). However, not all stakeholders are aware and informed about their
vulnerability and the measures they can take to pro-actively adapt to climate change.
Awareness raising is therefore an important component of the adaptation process to
manage the impacts of climate change, enhance adaptive capacity, and reduce overall
vulnerability (EEA 2015). Thus, understanding the challenges and raising awareness
of the action required is key to improving the region’s resilience and capacity to take
advantage of the opportunities (South West 2008).

Climate services are an influential mechanism to build capacity to different stake-
holders in general and local communities in particular by creating awareness about
the changing climate and enhance their capacity to respond to the challenges. Climate
servicesmay be defined as scientifically based information and products that enhance
users’ knowledge and understanding about the impacts of climate on their decisions
and actions (AMS 2012). In other words, it is a decision aide derived from climate
information that assists individuals and organizations in society to make improved
ex-ante decision-making. It requires appropriate and iterative engagement to produce
a timely advisory that end-users can comprehend and which can aid their decision-
making and enable early action and preparedness (WMO 2013). Thus, touted as
an important part of the adaptation agenda, climate services have received a great
deal of attention in recent years. Improving our understanding of the role and rela-
tive contribution of climate services is thus a critical step in enhancing our ability
to manage climate-related risk (Vaughan and Dessai 2014), in this case risk due to
rising sea-level. Unfortunately, the relation between climate services and potential
stakeholders remains weak or ad hoc in many cases and the reason could be the
insufficient awareness by some societal actors of their vulnerability to future cli-
mate change (Brasseur and Gallardo 2016). However, there are a number of climate
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services available across the globe and some of them are (i) NOAA Climate Ser-
vices (USA): It is a source of timely and authoritative scientific data and information
about climate. The main goal is to promote public understanding of climate science
and climate-related events, to make data products and services easy to access and to
serve peoplemaking climate-related decisionswith tools and resources that help them
answer specific questions (NOAA 2019); (ii) Climate Service Centre (Germany): It
functions as a think tank for climate services and develops prototype products in the
area of climate services, it also offers advisory services and decision-relevant infor-
mation in order to support government, administration and business in their efforts
to adapt to climate change (GERICS 2019); IMD Climatological Services (India):
Indian Meteorological Department provides climate products that include real-time
climate monitoring and publication of Climate Diagnostics Bulletins for the Indian
region and reporting of major anomalous climate events were generated and supplied
to researchers (MoES 2019) and likewise many other examples of climate services
are available.

In this purview, this chapter explores community-based coastal climate services
through the lens of an SLR and put forth three research questions such as (1) what
services do the coastal communities require; (2) how these services need to be
delivered; (3) what are all the roles of climate services that can help in building
capacities of coastal communities and involve them in community-based adaptation
decision-making process?. Thus, the aim of this chapter is to address the importance
of community-based climate services that build the capacities of local communities to
prepare, manage and adapt to rising sea-levels. The chapter sets its objective to create
climate awareness by evolving a framework that outlines as (1) to collect coastal cli-
mate (SLR) information, (2) to communicate the impact andvulnerability of changing
climate (SLR) and (3) to educate coastal communities to respond to changing cli-
mate (adaptation to SLR) following the guiding principles of the UNFCCC (United
Nations Framework Convention on Climate Change) and GFCS (Global Framework
for Climate Services) to build the capacity of coastal communities.

Rationale and Guiding Principle

UNFCCC emphasizes the need to educate people about climate change. Improving
awareness and understanding of climate change, and creating solutions to facilitate
access to information on climate change is key to winning public support for climate-
related policies (UNFCCC 2018). The New Delhi Work Programme on Article 6 of
the UNFCCC stipulates the promotion of education, training and public awareness
on climate change (REC 2008). Similarly, Article 10 of the Kyoto Protocol pro-
vides for strengthening of research capacity, education and training of personnel and
institutional strengthening in developing countries. Article 11 of the Paris Agreement
creates the Paris Committee onCapacity Building (PCCB), to oversee awork plan for
the period 2016–2020; Article 12 on the promotion of education, training, and public
awareness and Article 13 on the Capacity Building Initiative on Transparency (ECBI
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2018). However, the Paris Agreement has elevated capacity building and education
to new heights as important avenues toward climate action. It creates an opportunity
to foster enhanced, strategic and sustained approaches supporting transformational
change and enabling all parties and stakeholders to build the capacities needed to
mitigate and adapt to climate change. Indeed, the premise is the participation of
all, and capacity building is a fundamental precondition for this goal (Dagnet and
Northrop 2015).

Climate services play a major role in building capacities at different levels and
for different stakeholders. It may contribute to the reduction of risks and maxi-
mize opportunities associated with a variable and changing climate, and provide
substantial social and economic benefits (Rosas et al. 2016). The GFCS has been
established by the United Nations and spearheaded by the World Meteorological
Organization (WMO) to support the development and application of science-based
climate information and services for effective decision-making (Giuliani et al. 2017).
GFCS represents a major, concerted and coordinated global effort to improve the
wellbeing of all parts of society vulnerable to climate variability and climate change
(Hewitt et al. 2012). The ultimate objective of GFCS is to ensure that the best avail-
able climate science is effectively used and communicated to various sectors that
may benefit from climate knowledge (Lucio and Grasso 2016; Giuliani et al. 2017).
GFCS recommends the establishment of Climate Services on a regional and national
scale (Rosas et al. 2016). It is a user need driven, as a process and includes five
major components: (i) observations; (ii) climate research, modeling and prediction;
(iii) a climate services information system (CSIS); (iv) a climate user interface pro-
gramme (CUIP); and (v) capacity building/development. Importantly, the fifth pil-
lar, i.e. Capacity building supports the systematic development of the institutions,
infrastructure and human resources needed for effective climate services. It refers to
investment in people, practices, policies and institutions to stimulate and systemat-
ically develop capacities such as human resource capacity, infrastructural, capacity,
and institutional capacity in the Pillars of the GFCS (WMO 2014). The scope of this
chapter is on human resource capacity and it deals with equipping individuals with
the knowledge, skills and training to enable them to generate, communicate and use
decision-relevant indigenous climate information together with the scientific climate
information. Though GFCS as a whole, address capacity development at the national
level, this chapter inspires the goals and objectives of GFCS capacity development
and adhere the recommendation of UNFCCC to apply at the local level, in particu-
lar for the low-lying coastal communities to the risk of rising sea-levels (Fig. 2.1).
Figure 2.1 outlines the stepwise rationale and guiding principle based on UNFCCC
and GFCS recommendations. As a result, this chapter introduces a coastal climate
service awareness framework (BASIEC) for community-based adaptation to rising
sea-levels at the local level.
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Fig. 2.1 Rationale and guiding principle of BASIEC framework

BASIEC Framework

Climate services draw on a variety of sources from scientific research, meteorologi-
cal and climate models, to practical experience and local and indigenous knowledge.
They also involve the process of co-producing knowledge and building the neces-
sary skills and capacity of different user groups, both to guide the production and
tailoring of climate information (to meet context-specific needs) and to be able to
apply that information (Davis et al. 2016). GFCS can be used as one model among
many for information sharing and knowledge co-production. However, more specific
framework and tools are required to address different challenges of climate change
(in this case SLR), particularly at the local level and to create awareness among the
local stakeholders. Awareness raising includes establishing an overview of climate
change (SLR), communicating its risk and to build capacities through education.
Raising awareness is essential to facilitate identification of above mentioned oppor-
tunities and pave theway for the scaling-up and replication of identified opportunities
(Trærup and Olhof 2011). Nevertheless, a framework is needed at the local level to
address this and thus the “framework” is defined as “a set of ideas that provide sup-
port” or “skeletal structure designed to support”, Framing theory and research seek
to understand the ways in which related sets of ideas of SLR and CBA in the public
sphere are organized, presented and debated, and is increasingly being used to under-
stand a range of problems and issues (Miller 2010; Spence and Pidgeon 2010). A
frame allows complex issues to be pared down and for some aspects of that issue to
be given greater emphasis than others in order that particular audiences can rapidly
identify why an issue may be relevant to them (Nisbet and Mooney 2007; Spence
and Pidgeon 2010). In this context, this chapter introduces a framework BASIEC
(Building capacities for Adaptation to Sea-level rise through Information, Education
and Communication for coastal communities), a coastal climate service framework
for community-based adaptation to rising sea-levels. The framework proposed as a
fundamental means to describe relations between SLR and its socio-ecological inter-
actions. The framework presented here provides the much-needed conceptual clarity
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and facilitates bridging the various approaches (Fussel 2007) to address SLR risk
awareness through capacity building at the community level. It targets the different
dimensions of SLR and CBA, and focuses on collecting SLR risk information, com-
municating SLR risk information and educating to build capacity to adapt to SLR
risk. Thus three pillars of the BASIEC framework are (i) SLR risk information, (ii)
SLR risk communication and, (iii) SLR risk education, build the architecture of the
framework (Fig. 2.2). Figure 2.2 constructs the architecture of the BASIEC frame-
work with SLR risk information, education and communication as its three pillars
that has been constructed based on the guiding principles of UNFCCC and GFCS.
The framework is generally applicable on the local scale as a community-based or
bottom up approach and utilizes community level perceptions and experiences to
identify the characteristics that influence response, recovery and adaptation, focus-
ing on locally relevant outcomes that promote more effective planning (Chadwick
et al. 2011). The framework will enhance local capacity building through improved
access to both the global and local climate data and products. Suitable use of this
framework provides a means of capturing the complexity of SLR and coastal system
at multiple scales, and therefore a better representation of response to change (Eliot

Fig. 2.2 Architecture of the BASIEC framework
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2013) and in this case communicating the risk of SLR and to educate local commu-
nities. Thus, as a framework, it lays out an approach to address SLR risk awareness
as coastal climate services and facilitates the process of information, communication
and education in SLR risk research. This framework has been developed to explain
how the emerging GFCS and recommendation of UNFCCCs might be reflected in
the implementation and operation of climate services at the local level. An outline
of each component of the framework is explained as follows.

SLR Risk Information

The demand for tailored climate information by the public and a variety of specific
users has recently grown worldwide together with the awareness of the challenges
posed to society and environment by climate variability and change (Medri et al.
2012). Climate information services and evidence from climate science can pro-
vide data to inform preparedness strategies and tools in the short and longer term.
Such information would be the basis of positive coping strategies and it provides
opportunities for risk reduction (ICHA 2017). Users expect climate services to pro-
vide authoritative and objective information rather than being guided by ideological
motivations (Brasseur and Gallardo 2016). People require climate information over
wide ranges of time and space scales for planning and operational purposes. It is
imperative, therefore, to ensure that they have the highest quality and the widest pos-
sible range of products, information (including about uncertainties), and guidance on
how the information can be used to provide optimal results and ensure appropriate
decisions are made (Martínez et al. 2012). In many cases, the vulnerabilities iden-
tified through the “bottom up-top down” process extended beyond the generalized
impacts to engage with indirect and location specific impacts—a key component in
increasing the usability of scientific information (Dilling and Lemos 2011; Cash et al.
2003; Kettle et al. 2014). There are three types of climate information such as his-
torical data (which help elucidate trends, provide climate statistics, set a context for
current data, and allow, variability and the occurrence of extremes to be quantified);
real-time data (i.e. current climate observations); climate forecasts (i.e. predictions
of the climate, ranging from long-termweather forecasts, through seasonal forecasts,
to medium- (10–30 year) and long-term climate change projections). Advances in
climate science are improving the availability and quality of all three information
types (Hellmuth et al. 2007). Furthermore, the climate information is often required
at local scale, sometimes site-specific, and at daily or sub-daily time step. In most
cases, climate data at this level of details are not readily available hence additional
work is often required (NCSP 2009). Nevertheless, challenges remain for making
this information readily usable and relevant to stakeholders, including downscal-
ing results of large-scale computer models to the community level, incorporating
local changes in coastline morphology, and understanding potential responses of
coastal vegetation (DeLorme et al. 2018a). Moreover, stakeholders require not just
access to information, but support in incorporating it into their planning procedures
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and communication (Tribbia and Moser 2008) as well as tools to help understand
immediate risks and underlying physical, biological, and social processes (Stephens
et al. 2016; DeLorme et al. 2018a). In addition to these insights, this framework
details how the process of synthesizing SLR risk information as it builds context
specific understanding of the SLR risk of the coastal region. Thus, this framework
has jot down following major SLR risk information are required for the chosen study
area to initiate address the challenges of SLR. It includes (1) elevation of the study
region from the mean sea-level; (2) regional and local sea-level trend; (3) exposure
and vulnerability of the region to coastal disasters; (4) future projections of local
sea level; (5) predicted impacts of SLR risk; (6) identifying vulnerable ecosystems,
communities/population, infrastructures etc. SLR risk; (7) list of SLR risk response
strategies such as an adaptation; (8) list of existing coastal management policies and
interventions and, others. The information such as changing surge and wave heights
etc., in additional to SLR is required and a more pragmatic way to examine the need
for climate information to support adaptation (NCSP 2009). Thus, one of the three
purposes of this component of the framework is to propose ways to make climate
services more effective in providing relevant and usable information of SLR to the
coastal communities and stakeholders.

SLR Risk Communication

Making scientific research on SLR accessible and useful to diverse audiences is a cru-
cial, yet complex endeavor (Moser 2010; DeLorme et al. 2018b). The transition from
useful to readily-usable information can be complex and requires careful communi-
cation efforts that are customized to specific audiences (Lemos et al. 2012; Sheppard
et al. 2011; DeLorme et al. 2018a). Therefore, the information to be provided to
stakeholders must be credible (of high technical quality), legitimate (fair and impar-
tial, with the interests of users in mind), and salient (relevant to users and capturing
their attention) (NRC 2009). Also, timely communication of climate change risk has
been found globally to be very beneficial and known to promote local ownership of
adaptation planning in some cases (Dovie 2017). The term ‘risk communication’ as
used here, refers to intentional efforts on the part of one or more sources (e.g. inter-
national agencies, local government, communities) to provide information about
hazards and hazard adjustments through a variety of channels among themselves or
to different audiences (e.g. the general public, specific at-risk communities), for the
purpose of influencing the recipients to apply the information and take appropriate
action. It also includes efforts of local communities to characterize and communi-
cate their risk-based experiences (Martínez et al. 2012). The dissemination of such
information requires, therefore, that the climate services establish a communication
strategy that addresses these requirements (Brasseur and Gallardo 2016). However,
communicating and disseminating risk information can be very challenging. One
of the first steps for effective communication is to ensure two-way communication
channels, where information providers and users can interact equally and explain
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misunderstandings (Martínez et al. 2012). SLR communication focuses on the inter-
action between scientists, policymakers, and other stakeholders for the purposes of
planning, and the wider inclusion of the public in outreach and environmental deci-
sion making (Akerlof et al. 2017). SLR communication shares many of the same
challenges as climate change communication, including difficulties with translating
the science because of the abstract nature of the phenomena, the invisible causes,
temporally distant impacts, and uncertainty surrounding the timing and probability
of impacts. In addition, SLR communicators have the challenge of creating texts
and images for people with a variety of worldviews and political outlooks that could
result in unexpected interpretations of the information (Weber and Stern 2011; Covi
2014). Thus, transformation of climate-related data—together with other relevant
information—into customized products such as projections, forecasts, information,
trends, economic analysis, assessments (including technology assessments), coun-
seling on best practices, development and evaluation of solution, and other services
in relation to climate that may be of use for society at large (European Commission
2015; Brasseur and Gallardo 2016). Therefore, for effective SLR risk communica-
tion, SLR risk information must be appropriately framed, visually compelling and
take into account prevailing risk perceptions and diverse viewpoints. There are var-
ious methods and medium to communicate SLR risk, some of them are (1) Word
of mouth (e.g. one to one communication, public speaking, etc.); (2) Group dis-
cussion; (3) Scientific materials (e.g. maps, graphs, charts, tables, posters etc.); (4)
Print media (e.g. brochures, posters, magazines, newspapers, etc.); (5) Electronic
media (e.g. power point presentations, videos, television, community radios, etc.);
(6) Social media (Website, blogs, facebook, twitter, etc.); (7) Theatre (e.g. drama,
street play, movies, puppet show, etc.); (8) Art (e.g. paintings, storytelling, cartoons,
etc.) and others. Thus, one of the three purposes of this component of the framework
is to propose ways to make climate services more effective in communicating SLR
risk information through various mediums and create awareness about SLR risk to
the coastal communities and stakeholders.

SLR Risk Education

Education is an essential element of the global response to climate change. It helps
people understand and address the impact of changing climate, increases “climate
literacy” among people, encourage changes in their attitudes and behavior and helps
them adapt to climate change-related trends (UNESCO 2018). Conceptualizing risk
as a communication process involving public participation led us to consider the
stages the public moves from awareness of a risk to the knowledge of specific solu-
tions (Clark et al. 1999). Climate change education demands a focus on the kind
of learning, critical and creative thinking and capacity buildings that will enable
to engage with the information, inquire, understand, ask critical questions and take
what they determine are appropriate actions to respond to climate change (Stevenson
et al. 2017). However, the need is to engage all stakeholders, to facilitate awareness
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and education, and to support dialog so that users can help shape the services they
receive (Hellmuth et al. 2007). Informal learning institutions along with formal edu-
cation systems must work together to engage audiences, share new information and
promote behavior change to better manage climate change risk (Caribbean Commu-
nity 2018). Coastal communities do not have many communication and engagement
tools/frameworks available to help their residents understand the threat of SLR and
often find that public audiences are uncertain and apathetic when they lack personal
experience of SLR associated impacts (Akerlof et al. 2017). Observation of how
people understand and perceive SLR risk, comprehend information about their risk,
and enter into processes to manage risk can provide us with a better understanding
of how risk can be socially amplified or attenuated, and strategies to overcome bar-
riers to adaptation planning (Covi 2014). Thus, educational responses to SLR best
take the form of active social learning that develops the capacity for personal and
societal transformative practice (Stevenson et al. 2017). If climate information and
services are to support the stakeholders and local communities, their involvement is
crucial. Yet much of the climate discourse so far has been at the national and inter-
national levels. This mismatch needs to be addressed if successful practices—and
policies—are to be developed that make the best possible use of climate informa-
tion (Hellmuth et al. 2007). There is an emerging consensus on processes useful
for integrating local and scientific knowledge. These approaches often share the
use of participatory methods, employment of iterative strategies to support learning
and feedback, attention to temporal and spatial scales, and incorporation of values
into decision processes (Raymond et al. 2010; Dietz 2013; Kloprogge and Van Der
Sulijs 2006; Kettle et al. 2014). They also share an increasing focus on active engage-
ment, deliberation, and process (rather than product alone) to enhance individual and
social learning experiences (Moser and Dilling 2007; NRC 1996, 2009, 2010; Jones
et al. 2009; Berkhout et al. 2002; Kettle et al. 2014). Participatory action research
offers one valuable route through which academics and professional researchers can
work with stakeholders to build local capacity to adapt. Academics and researchers
can advance local climate change adaptation efforts through collaborative, action-
oriented research that enhances the capacity of local communities. Such “partici-
patory action research,” also can help researchers produce knowledge that is more
salient, legitimate, and credible to local stakeholders and directly useful for decision-
making (Rumore 2014). This framework recommends various learning techniques
such as (1) Citizen science; (2) Conferences and symposiums; (3) Formal education;
(4) Workshops; (5) Training programs; (6) Field visits; (7) Exhibitions; (8) Partici-
patory techniques and others. Thus, this component of the framework is to foster an
atmosphere of dialogue that helps all stakeholders in general and communities, in
particular, to understand the risk of rising SLR and build capacity at the local level.
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SWOT Analysis of the BASIEC Framework

The effectiveness of the emerging frameworks like this can be assessed initially
through a SWOT (Strengths, Weaknesses, Opportunities and Threats) analysis. It
is used to provide a descriptive assessment and provide a comparison of the fac-
tors affecting the effectiveness of the tool/framework. It is an assessment of internal
strengths, weaknesses, external opportunities, and threats used in the preliminary
stage of strategic decision-making (Johnson et al. 1989; Berte and Panagopoulos
2014). There are several interesting observations that can be useful for anyone con-
siders the application of a tool/framework or the development of new approaches,
particularly when it comes to weaknesses, opportunities and threats (MRC 2010;
Khan 2017). In this study, SWOT analysis was carried out theoretically based on the
secondary literature with specific reference to BASIEC framework. SWOT exercise
aimed at maximizing the potential of the strengths and opportunities while minimiz-
ing the impact of the weaknesses and threats in order to achieve the best results on
the application of the BASIEC framework. Some of the key findings of the SWOT
analysis of BASIEC framework are: (i) Strength: (1) Many of the climate change
frameworks and tools are generic in nature, whereas BASIEC framework exclu-
sively address SLR and coastal climate; (2) It integrates different dimensions of SLR
risk information from observed and past local SLR data to future predicted impact
and adaptation planning; (3) The three pillars of the framework are distinctive from
each other yet plays a collective role in building the framework; (4) This framework
is exclusively designed for SLR risk awareness and CBA at the local level; (5) The
framework with a worksheet is simple and user friendly and it is applicable to any
part of the global coastal region that are at risk to SLR; (ii)Weakness: (1) Difficulties
in delineating SLR and coastal issues from the rest of the other issues such as devel-
opmental issues; (2) Lack of availability of expertise in SLR risk to handle SLR risk
information to communicate and educate stakeholders and communities locally; (3)
Lack of unavailability of SLR in formation at the local level, which includes future
SLR projection, predicted impacts, etc.; (4) Obscurity on availability and accessi-
bility of communication and educational aids to communicate SLR risk information
and to educate; (5) Challenges in working with local communities such as gathering
local communities, communicating the risk in local language etc., (iii) Opportuni-
ties: (1) To upscale the application of BASIEC to wider and various stakeholders and
geographical locations; (2) To develop formal SLR risk communication and educa-
tion curriculum for schools and colleges; (3) To develop web-based online platform
to get digitized; (4) To develop a smart phone based apps for BASIEC to reach wider
audiences; (5) To make BASIEC interventions in SLR policy planning; (iv) Threats:
(1) Need of scientific information on SLR risk may lead to manipulation of SLR risk
information and data; (2) Many technical information on SLR may increase com-
plexity and leads to confusion; (3) Chances of wrong or miscommunication of SLR
information and its translation into local languages; (4) The evaluation of the appli-
cation o BASIEC i.e. SLR risk communication and education is majorly qualitative
and is based on the expertise of an individual and group who handle BASIEC, is
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Fig. 2.3 An outline of SWOT analysis of the BASIEC framework

uncertain; (5) Frameworks and tools other than non-climate change and SLR frame-
works may influence the quality of BASIEC framework that is subject to climate
change, SLR and CBA. Thus the analytical structure of SWOT is used to generate
strategies with the aim of increasing the level of information and reducing uncer-
tainty (Karppi et al. 2001; Berte and Panagopoulos 2014). However, the key utility
in the SWOT analysis presented here is thus to review and capture, in a structured
way, a variety of considerations relevant to the strategic development of the BASIEC
framework. Another important aspect of conducting such a SWOT analysis is the
process itself (Pickton and Wright 1998; Bull et al. 2016). An outline of a SWOT
analysis of BASIEC framework is given in Fig. 2.3. It lists out the key points on
strength, weakness, opportunities and threats of BASIEC framework.

Application of the BASIEC Framework

The application of the SLR risk framework (BASIEC) developed in this chapter
provides more nuanced and more actionable insights into the SLR risk information
that are required, need for communicating the SLR risk and methods and approach
to educate about the SLR risk and build capacity to respond to the risk. Thus, the
BASIEC framework has three major applications in the arena of climate change
adaptation in general and SLR in particular as (i) SLR awareness creation; (ii) SLR
Capacity building; and (iii) SLR Policy implications. (i) SLR awareness creation:
BASIEC plays a key role in creating awareness of the SLR risk to coastal communi-
ties. SLRAwareness is the ability to directly know, perceive, to feel or to be cognizant
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of SLR and coastal events. In other words, it is the state of being conscious of SLR.
Information and communication perspectives of BASIEC make a platform to create
awareness by gathering location specific and evidence based SLR risk information,
and communicating it to the local communities and stakeholders through various
communication mediums such as print media, electronic media, social media, etc.
It is important to note and it is aimed that the improvements in the level of cli-
mate change (SLR) awareness can lead to better adaptation outcomes (Shahid and
Piracha 2016). (ii) SLR capacity building: BASIEC also plays a significant role in
SLR building capacity for coastal communities. The SLR capacity building is the
process by which coastal communities and other coastal stakeholders obtain infor-
mation, improve knowledge, identifying tools and methods, and retain the skills and
other resources needed to respond to SLR such as adapting to SLR risk compe-
tently or to a greater capacity. BASIEC provides a platform to build the capacity
of the local communities to address the risk of SLR through SLR education, such
as workshops, training programs, formal education etc. It is important to note that
SLR education is positively associated with SLR awareness and capacity building
through education is aimed to cope with the impacts, including the possibilities to
prevent or reduce impacts via adaptation measures (NCAP 2005); (iii) SLR policy
implications: BASIEC makes an intervention in SLR policies. BASIEC responds to
UNFCCC call on climate action and GFCS climate services—to inform, to educate,
to improve awareness, to develop an understanding of people about climate change
(SLR). This contextualization served an important role in educating stakeholders
about the importance of considering climate in place-based policy decisions (McNie
2013). Thus, it gives an opportunity for both National/Federal governments and also
State/Local Governments to take climate action at the community-level using climate
services like this to build the capacity of the local communities to changing climate
and rising sea-levels. This framework is applicable to any part of the world that has
low-lying coastal regions and that are vulnerable to the risk of rising sea-levels.

Limitation and Scope of the BASIEC Framework

The framework is based on theoretical perspective and it requires testing and enhance-
ment before it aid for awareness creation and capacity-building. The framework with
suitable case study application and its possibilities to upscale is need and it will gain
more attention. However, the scope of the framework provides promising oppor-
tunities to develop it as a potential climate service tool. Furthermore, the evolving
template of this prospective tool opens a gateway to develop a “Climate Service App”
(BASIEC app) and a “Web-based climate service application”. This framework can
be developed further as a guiding protocol/manual for climate services with specific
reference to sea-level rise risk awareness and capacity building through information,
education and communication.
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Conclusion

Climate change induced SLR confronts serious challenges to low-lying coastal
regions across the world. Coastal communities, resources and infrastructures are
in the frontline to experience the impact of changing coastal climate and rising sea
levels. Adaptation is one of the response strategies to address climate change and
SLR. Adaptation enables coastal communities to limit their vulnerability by averting
or reducing potentially negative consequences of SLRwhile benefiting frompotential
positive consequences (Tol et al. 2008). SLR awareness creation and building capac-
ity of communities is one of the adaptation measures at the local level to develop and
enhance CBA. By understanding, planning for and adapting to a changing climate,
individuals and societies can take advantage of opportunities and reduce risks. To ful-
fill these requirements, climate change communication and education play a crucial
role in information dissemination, especially in translating technical information to
increase public understanding and incorporating indigenous knowledge into climate
change adaptation for policy planners (Sharples 2010;Khan et al. 2012). Easily acces-
sible and timely scientific information can help societies not only limit the economic
and social damage caused by climate-related disasters, but also take advantage of
opportunities provided by favorable conditions (Medri et al. 2012). Climate services
play a key role in building capacities of people and local communities to address
the challenges of climate change and SLR. It has gained a great deal of attention
in recent years; this is reflected in the implementation of the GFCS and in the rise
of climate service providers in both public and private sectors and on international,
national, and regional scales (Vaughan and Dessai 2014). Climate services involve
the timely production, translation, and delivery of useful climate data, information,
and knowledge for societal decision-making. They rely on a range of expertise and
are underpinned by research in climate and related sciences, sectoral applications
(e.g., coasts), and a number of social science fields. Climate services that are built on
the best available science and providing researchers with guidance regarding priority
challenges in the development of climate services warrant attention (Vaughan et al.
2016). In this context, this chapter has introduced BASIEC (Building capacities for
Adaptation to Sea-level rise through Information, Education and Communication
for coastal communities) a coastal climate service framework. It builds upon three
different dimensions to create awareness and build the capacity of communities at
the local level to address SLR; it includes (i) SLR risk Information: SLR risk infor-
mation is crucial and it is in high demand to provide a science and evidence-based
information at the local level to create awareness to the coastal communities. The
framework outlines the information related to SLR such as past and present sea-level
trend, projected future SLR, predicted impact of SLR, identifying vulnerable com-
munities, resources and infrastructures, framing suitable adaptation strategies, SLR
policy planning and mainstreaming etc. (ii) SLR risk Communication: Communicat-
ing complex climate science, such as SLR science is a daunting task, yet it is the need
of the hour. The framework recommends some of the communication strategies such
as one to one communication, group discussion, print media, electronic media, social
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media etc.; (iii) SLR risk Education: Understanding how people perceive the threat
and potential response measures are important for public and stakeholder communi-
cation to reduce exposure to coastal risks (Akerlof et al. 2017). SLR education plays
a major role in making communities to understand the risk and to build capacity
to adapt to rising sea-levels. The framework proposes various learning techniques
such as citizen science, conferences, and symposiums; formal education, workshops;
training programs, participatory techniques etc. Thus, the framework aimed to foster
effective application of climate knowledge and information for the benefit of society
and thus the scope of BASIEC spans across three interrelated perspectives such as
Information, Communication, and Education. It provides some basic climate sci-
ence background, guidance for understanding and using climate data, insights for
effectively communicating climate change, research and examples of how climate
information can be integrated across levels, and knowledge for the design, imple-
mentation, and evaluation of effective climate services (We Adapt 2018). It is hoped
that the BASIEC framework provides a systematic starting point and guidance for
local level coastal climate policy planners, decision-makers, researchers, local com-
munities and others who hold a stake on coastal climate services for CBA to changing
climate in general and SLR in particular.
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Chapter 3
Nitrous Oxide Emissions
from Agricultural Farms and Its
Contribution to Global Warming

Haile Arefayne Shishaye

Abstract Global warming is a universal issue caused by increasing atmospheric
greenhouse gases such as nitrous oxide (N2O), carbon dioxide (CO2) and methane
(CH4). N2O is produced from natural and anthropogenic sources. Microbial pro-
cesses of nitrification and denitrification produce N2O which is then released into
the atmosphere. This research aims to estimate the emission rate of N2O through
denitrification processes in a mechanized sugarcane farm in Metahara, Ethiopia.
The LEACHN/LEACHM model was used to estimate the rate of denitrification and
emission of N2O. The model was calibrated by groundwater nitrate concentrations
estimated from laboratory measurements using the APHA 4500-NO3-B, Ultraviolet
Spectrophotometric screening method. The results show that the amount of atmo-
spheric nitrogen (N2O and N2) produced due to denitrification processes in the farm
was 230.4 kg/ha/year. The share of N2O from this estimate was 1/41th, as the soil in
the farmwas alkaline (pH= 9.0). As a result, the annual N2O emission from the farm
was estimated to be 5.62 kg/ha/year. This implies that the current farm management
and nutrient andwater application scenario in the area is causing a significant amount
of N2O emissions to the atmosphere, which in turn has a collective impact on global
warming.

Introduction

Global temperature has increased by an average of 1 °C since the industrial revolution
in a process known as global warming (Fig. 3.1; Signor et al. 2013a; IPCC 2013;
Iqbal et al. 2014). Global warming has resulted from increasing concentrations of the
greenhouse gases: carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O)
(Shishaye 2015a; Ahmed et al. 2013). These greenhouse gasses in the atmosphere
absorb sunlight and solar radiation that have bounced off the earth’s surface (Snyder
et al. 2009). This radiation would escape into space, but the pollutants, which can
last for years to centuries in the atmosphere, trap the heat and cause the planet to get
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Fig. 3.1 Global annual land-ocean mean a actual temperature and b temperature anomalies from
1880–2016. The base period was 1901–2000. The data for these graphic representations were col-
lected fromNASA, Jet Propulsion Laboratory website https://www.jpl.nasa.gov/edu/teach/activity/
graphing-global-temperature-trends/

hotter (i.e. greenhouse effect; Hartmann et al. 2013). Without the greenhouse gases,
the average temperature of the earth’s surface would be about−18 °C rather than the
present average of 15 °C (NASA 2016; Ma and Tipping 1998; Le Treut et al. 2007;
Karl and Trenberth 2003).

Global warming is caused both by natural and anthropogenic effects (Ahmed
et al. 2013; Denman et al. 2007). However, according to the IPCC (2013), human
influences have been the dominant cause of the observed warming since the mid-
20th century (Fig. 3.1). Many scientists agree with the fact that the world will host
environmental, economic, and health consequences of global warming if current
trends continue (Ma and Tipping 1998; Le Treut et al. 2007; Karl and Trenberth
2003). Themajor consequences of globalwarming include rising sea levels, changing
precipitation patterns, and expansion of deserts in the subtropics (Lu et al. 2007; Le
Treut et al. 2007). Other likely changes includemore frequent extremeweather events
such as heat waves, droughts, heavy rainfall with floods and heavy snowfall, ocean
acidification, and species extinctions due to shifting temperature regimes (Vitousek
1994; Ma and Tipping 1998; Welch et al. 1998; Hughes 2000, Shishaye 2015a).

https://www.jpl.nasa.gov/edu/teach/activity/graphing-global-temperature-trends/
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Fig. 3.2 a The contributions of natural and anthropogenic factors and b natural sources of N2O
(the data for these charts were collected from IPCC (2007))

Nowadays, there are different pieces of evidence supporting the facts revealed and
predicted by scientists. The world is facing the impacts of climate change in its every
corner differently, i.e., different regions are facing the challenges of climate change
differently (Ma and Tipping 1998; Signor et al. 2013a; Shishaye 2015a; Australian
Academy of Science 2015). Moreover, future climate change and its impacts are also
predicted to vary from region to region (IPCC 2013). Significant regional differences
exist even within the Americans and Chinese, whose economies are responsible for
the greatest annual CO2 emissions, but among the least concerned (Stokes et al. 2015;
Shishaye 2015a). Nevertheless, the projected surface temperature is always set as an
average; i.e., the regions that are expected to suffer the most and those expected to
suffer less are not reported separately. In this case, even though the IPCC reported that
long-term prediction of future climate state is impossible (IPCC 2007), the ranges of
the lowest and highest emission scenarios of global surface temperature projections
made for the 21st century are 0.3–1.7 °C and 2.6–4.8 °C, respectively (IPCC 2013;
DiMento et al. 2007). This implies that even the low emission standards will cause
an increase in global temperature.

Nitrous oxide is produced by natural (62%) and anthropogenic (38%) factors
(Fig. 3.2a; IPCC 2007). Natural sources of N2O emissions include soil, oceans and
atmospheric chemical reactions (Fig. 3.2b). Soils are the largest N2O source to the
atmosphere, accounting for 12 Tg/year of the current annual budget (20 Tg/year)
(Syakila and Kroeze 2011), followed by oceans and atmospheric chemical reactions
(Fig. 3.2b). Nitrous oxide produced by microbes that break down nitrogen in unculti-
vated soils, which make up the majority of the earth’s land surface, are considered as
natural sources. Riparian and tropical rainforest soils that have higher nutrient avail-
ability and moisture levels are important contributors to this source (IPCC 2007).
N2O producing microbes living in the ocean also create N2O emissions. Microbial
activities in and around sinking particles, such as faecal pellets provide the anaero-
bic conditions necessary for denitrification which in turn produces N2O. Chemical
reactions in the atmosphere also produce a significant amount of N2O emissions.
The oceans, manure from wild animals as well as decomposed plants form the most
important natural sources of ammonia in the air. The oxidization of ammonia from
these natural sources then creates 600,000 tons of N2O per year (IPCC 2007).

Anthropogenic sources of N2O have caused a dramatic increase in N2O emissions
since the Industrial Revolution (Signor et al. 2013a; IPCC 2007). Agricultural farms
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using inorganic fertilizers are believed to be the major contributors to the anthro-
pogenic N2O budget that also includes forest fuel combustion, industrial processes
and biomass burning (Fig. 3.3; Signor et al. 2013b; Beaulieu et al. 2011; Dalal et al.
2003). In this case, the miss-managed agriculture is expected to have the highest
share (Shishaye 2015b; Easton and Lassite 2013; Signor et al. 2013a; Cerri et al.
2009; Forster et al. 2007; Dalal et al. 2003; Barton and Atwater 2002). For instance,
unbalanced nitrogen fertilizer applications with the crop uptake capacity may cause
an increase in the level of denitrification. An increased extent of denitrification in
return increases the emission of N2O to the atmosphere.

N2O in the atmosphere constitutes 7% of the anthropogenic greenhouse effect
(IPCC 2013). The global warming potential of N2O in a 100-year period is 300 and
16 times higher than that of CO2 and CH4, respectively (Signor et al. 2013a; Barton
and Atwater, 2002). The total estimated annual N2O emission is 20 Tg (Syakila
and Kroeze 2011), but there are large uncertainty ranges in each of the individual
sources (Zaman et al. 2012). N2O emissions from agricultural farms can also vary
from farm to farm based on the soil type, rate of water application, type and extent of
nutrient application and crop type. In general,N2Oemission and estimation across the
different agricultural landscapes (arable, pasture, and wetland) is extremely variable
(both spatially and temporally), thus posing the greatest challenge to researchers,
modellers and policy makers to accurately predict N2O emissions. According to
IPCC (2007), N losses as N2O across agricultural landscapes are extremely variable
and range fromabout 1% tomore than 20%of the appliedN.These large uncertainties
highlight the need for N2O to be quantified at farm level, then cumulated to national,
regional and global levels.

Therefore, the objective of this study was to estimate the rate of N2O emissions
from denitrification processes in the Metahara Sugarcane Farm, Ethiopia. N2O is
produced in soils during nitrification (the aerobic conversion of ammonium (NH4

+)
to nitrate (NO3)) and denitrification (the anaerobic conversion of NO3 to N2O and
dinitrogen (N2) gases) processes (Hayatsu et al. 2008). However, this work only con-
siders the production of N2O from denitrification processes. Due to a lack of robust,
easy and less expensive measurements and analytical methods used to separately
measure the emissions of N2 and N2O from denitrification processes, the extents of

Fig. 3.3 Anthropogenic sources of N2O emissions (data was collected from IPCC (2007)). Fertil-
ized agricultural soils and livestock manure are considered as the direct sources (42%) of the total
emission that agriculture is responsible for, while the indirect emissions (25%) come from runoff
and leaching of fertilizers
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N2 and N2O were estimated simultaneously. The one-dimensional LEACHN model
(Hutson 2003) was applied to estimate the N2O emission rate from the farm.

Materials and Methods

Description of the Study Area

Metahara sugarcane farm is one of the largest sugarcane farms in Ethiopia (Fig. 3.4).
It is located in the East Shewa Zone, 200 km east of Addis Ababa, in Oromiya
Regional State, at the geographical coordinates of 8°54′0′′ N and 39°55′0′′ E with
an average altitude of 940 m.a.s.l. It was established in an agreement between the
Dutch company Handels Vereniging Amsterdam and the Ethiopian government in
1965 to meet an increasing domestic sugar demand and started production in 1966.
It produces around 120,000 tons of sugar per year (Shishaye 2015b). The area has
a semi-arid climatic condition, with mean maximum and minimum temperatures of

Fig. 3.4 Location map of the Metahara Sugarcane farm and the sampling boreholes
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32.8 and 17.5 °C, respectively, and an average annual rainfall of about 600 mm.
Most of the region’s rain falls from June to September and the rest of the months are
dry. The farm covers 10,230 ha of land with the majority (>98%) of it covered by
sugarcane plantation and the remaining 2% covered by orchard crops.

The Nitrogen Cycle and the LEACHN Model

Nutrient loss from agricultural farms is an increasing concern worldwide. Nitrate
leaching is one side of the nutrient loss problems in many agricultural areas (Oenema
et al. 2003; Shishaye 2015b). On the other hand, denitrification is also the other phase
of the losses. However, the level of nitrate leaching and the rate of denitrification
may vary based on the crop type, soil type, soil water content, and other factors. For
instance, the loss of nitrate from sugarcane production is very high, in comparison
with other crop productions, because its nutrient uptake capacity is low (Biggs 2003).
The rate of denitrification is high in oxygen-limited situations than oxygen-rich
conditions. Therefore, the increase in denitrification rates contributes to the increase
in global warming by producing N2O greenhouse gas. Nitrogen cycle passes through
four major spheres: the atmosphere, hydrosphere, biosphere, and the lithosphere
(Fig. 3.5). Organic nutrients from plant residues, animal manure or compost, and
inorganic nitrogen fertilizers pass through different microbial processes in the root
zone then ends up either as plant uptake or leaching to the groundwater or denitrified
to the atmosphere in the form of nitrogen gases. The gas forms, especially N2O, then
end up as a greenhouse gas and partially comes back to the earth in the form of acid
rain. Acid break-up processes convert nitric acid (acid rain) to 2H+ and nitrate. Then,
it follows the same trend in the spheres of the nitrogen cycle (Fig. 3.5).

Direct measurement/quantification of the rates of nitrogen transformation pro-
cesses including nitrification and denitrification is difficult. However, with the advent
of computer modelling, the rates of nitrogen transformation processes (Fig. 3.5) can
be predicted. There has been a large growth in the number of computer simulation
codes and their use to predict nitrate-leaching and denitrification losses in the last 2–3
decades. One of the widely used codes for such a work is the LEACHN/LEACHM
(Leaching Estimation and Chemistry Model) model (Hutson and Wagenet 1992;
Hutson 2003). The LEACHN model was originally designed to simulate vertical
nitrogen movements within the unsaturated soil profile (Hutson and Wagenet 1992).
However, with the series of modifications, the model is able to estimate the loss of
gaseous nitrogen to the atmosphere (Hutson 2003).
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Fig. 3.5 The nitrogen cycle. The diagram shows that the nitrogen cycle is a natural phenomenon,
but the rates of each of the components of the cycle may vary from place to place due to spatial
variations of the natural and anthropogenic factors. The diagram was developed in AutoCAD-2007

Model Input Data Collection and Analysis

Farm Irrigation Practice

The type of irrigation practice used in the study area is surface irrigation (furrow
irrigation for sugarcane and basin irrigation system for orchard crops). The dimen-
sions of the furrow are 100 m in length, 60 cm in width and 30 cm in depth. During
irrigation times, the farm is irrigated for 9 h. Because the source of irrigation water is
river water, it has a continuous flow. The diverted water from the main course of the
Awash River is stored in the night storage reservoirs for 15 h. The irrigation water
application is 40 L/s/ha. According to the information obtained from the head office
of the enterprise, the field irrigation efficiency is 60% and the conveyance efficiency
is 85%. The irrigation interval, even though it varies based on the soil types, was
taken as an average of 15 days. The total irrigated land coverage of the Metahara
sugarcane farm is 10,130 ha. Of the total area, 10,000 ha is covered by sugarcane and
the remaining 130 ha is covered by orchard fruits. The farm is divided into different
irrigation units. One irrigation unit covers 64 ha of land.
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Fertilizer Application

The N fertilizers in the area are applied as Ammonium Sulfate Nitrate (ASN). ASN
is a nitrogen fertilizer, formed by the mixture of ammonium sulphate (NH4)2SO4

and ammonium nitrate (NH4NO3). It contains 26% N and 13% Sulfur in a sulfate
form (Aurepio 2012). Even though nitrogen fertilizer application varies based on the
soil types, the average rates of fertilizer applications in the farm are 400 kg/ha of
ASN for sugarcane plant, 500 kg/ha of ASN for the first and second-ratoon crops, and
600 kg/ha ofASN for the third ratoon crops (Booker Tate Limited 2009). This implies
that the fertilizer application in terms of nitrogen is 104 kgN/ha for sugarcane plant,
130 kgN/ha for the first and second-ratoon crops and 156 kgN/ha for the third ratoon
crops. The method of calculating the amount of nitrogen from the ASN fertilizer was
by upscaling the fertilizer application rates by 26%, as 26% of the ASN fertilizer is
nitrogen. Thus, these three fertilizer application values were used as inputs for the
model in the simulation processes. The carbon to nitrogen ratio (C:N) in the study
area was 20:1 (Booker Tate Limited 2009).

Soil Property and Meteorological Data

The soil physical property data are also other major inputs for the LEACHN model.
Booker Tate Limited conducted a detailed soil survey in the study area in 2009. The
soil property data used as input for the model (Table 3.1) were then taken from the
Metahara sugarcane farmmain soil re-evaluation report (Booker Tate Limited 2009).

The important meteorological data for the LEACHN model are precipitation,
temperature, evaporation, and evapotranspiration. The long-term monthly meteoro-
logical data of the site were obtained from the head office of the Metahara Sugarcane
Farm. The average monthly rainfall was fairly distributed into the number of rainy
days, as the numbers of rainy days were known. This was done because of the daily

Table 3.1 Soil property parameters and their corresponding values used as inputs for the LEACHN
model

Soil physical properties Values used

Particle density (kg/dm3) 2.65

Bulk density (kg/dm3) 1.3

Organic carbon (mass%) 1.5

Hydraulic conductivity (mm/d) (only for the simulations based on land use) 200

Profile thickness (mm) 1600

Segment thickness (mm) 100

Dispersivity (mm) = between 0.5 and 2 times of the segment thickness 100

Clay (%) (only for the simulations based on land use) 55

Silt (%) (only for the simulations based on land use) 25
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meteorological data was not fully documented. Similarly, the other necessary mete-
orological information including rainfall and relative humidity were also taken from
the monthly average data. Furthermore, evapotranspiration was estimated from the
class “A” pan evaporation value using the following relationship:

ET0 = Kpan ∗ Epan

where ET0 is the reference crop evapotranspiration (mmday−1), Epan is themeasured
class A pan evaporation (mm day−1) and Kpan is the pan coefficient (Snyder 1992).
The pan coefficient value varies due to different conditions, i.e., it is highly dependent
on the surrounding conditions. However, the average Kpan value was taken as 0.7
(Snyder 1992).

Crop Data

Crop data is also another input data for the LEACHN model. The main crop type
grown in the study area is sugarcane, with an average production of 120,000 tons
of sugar per year. This implies that the production is 12 tons/year/ha of irrigated
land, which in turn shows that the rate of N application on the farm is 8.667 kgN t−1

cane for sugarcane plant, 10.83 kgN t−1 cane for the first and second-ratoon crops
and 13 kgN t−1 canes for the third ratoon crops. However, according to different
studies (Shishaye 2015b; Biggs 2003), the nutrient uptake capacity of sugarcane is
low, 2.8 kgN t−1 cane. Therefore, the target nitrogen uptake for sugarcane was set in
the model as (12 ton cane ha−1 * 2.8 kgN t−1 cane) 33.6 kgN/ha.

Laboratory Measurements

Groundwater samples were taken from four wells for nitrate and ammonium end-
member concentration. Samples were sent to “JIJE LABOGLASS P.L.C”, Addis
Ababa, Ethiopia for analysis. APHA 4500-NO3-B, Ultraviolet Spectrophotometric
screening method was used to determine nitrate concentration. Finally, nitrate con-
centration from each well was averaged and the average value was used for model
calibration purposes.

Modelling N2O Emissions

Themodel input data describes soil properties for each layer, crop growth and phono-
logical data, soil management information, meteorological data, N transformation
and their rate constants, and boundary conditions. Some of the important rate con-
stants used in the model such as the NH4

+–N partition coefficient, NO3
−–N partition

coefficient, and other model input parameters including the b parameter in Campbell
equation, Q10, air-entry value in the Campbell equation and molecular diffusion
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coefficient were obtained from published sources as well as direct suggestions from
model developers.

The organic nitrogen pool within a soil profile is significantly influenced by the
initial conditions that are estimated for organic carbon content in the soil (Johnson
et al. 1993; Toride and Chen 2011). Estimating the initial nitrogen and carbon content
in the soil profile was one of the most important activities in this simulation. In order
to get the starting values of nitrogen and carbon from residue and hummus, themodel
was run for 47 years (1966–2014) simulation period, because of the availability of
recorded data, with 20 numbers of repetitions until the value of nitrogen and carbon
become constant. Then, those values of nitrogen and carbon were taken as initial
values from residues and hummus. Finally, after filling the necessary input data,
the simulation was conducted for 47 years and the model results were analyzed
accordingly.

Model Calibration

The average groundwater nitrate-nitrogen concentration found from the laboratory
measurements was used to calibrate the LEACHN model. The model input param-
eters were modified until the simulated nitrate-nitrogen concentration matches the
average experimental result. The other data used for calibration purposes was the
nitrogen stress data of the crop. There was a study conducted in the area by Booker
Tate Limited in 2009 regarding leaf N%. They took 164 samples from the study area;
of the 164 samples taken, 22% were found to be below the accepted lower limit for
leaf N% within any season (1.6%), whilst the remainder (78%) showed satisfactory
levels of N. Requirements for the leaf N levels are, however, related to crop type
and cropping season. In South Africa, for example, the threshold value has been
determined to vary between up to 1.6% (for late season ratoon cane) to 1.9% (for
early season plant cane) (Booker Tate Limited 2009). The lowest of these figures
(1.6%) was used during the analysis. Therefore, 78% of the N level was used as the
lowest plant nitrogen uptake to target. The model was repeatedly run and the input
parameters were modified until the nitrogen uptake to target values along the whole
simulation periods became above 78%.

Results and Discussion

Laboratory Results

The concentrations of groundwater nitrate from the laboratory results were found
lower in wells 1 and 4 (Fig. 3.4), while it was relatively higher in wells 2 and 3
(Table 3.2). The average groundwater nitrate concentration in the area was found
to be 3.6 mgNO3_N/L (Table 3.2). Groundwater nitrate concentration in the farm
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Table 3.2 Experimental
results. Groundwater nitrate
concentrations measured
from 4 different wells in the
Metahara sugarcane farm

Well No. Laboratory No. NO3-N (mg/L)

1 J-W-0024/14 1.5

2 J-W-0023/14 5.4

3 J-W-0025/14 5.4

4 J-W-0022/14 2.0

Average – 3.6

was therefore small compared to groundwater nitrate concentrations of other farms
elsewhere such as south of the city of Ashkelon, Israel (724 mg/L; Dahan et al. 2014)
and the corn and wheat farm in southwestern Ontario (22.4 mg/L; Barry et al. 1993).
The main reason for this could be the excess application of irrigation water and low
nutrient uptake capacity of sugarcane. High soil water content (water logged area)
creates favorable condition for denitrification processes, as it limits the availability
of oxygen in the soil (Hutson 2003).

Modelling Results: N2O Emissions Through Denitrification

A separate estimation of the extents of N2O and N2 emitted from the area was
the challenge of this research. In fact, the extent of N that actually lost from an
agricultural farm in the form of N2O during denitrification depends on soil pH.
According to Schwenke et al. (n.d), the amount of N2O lost from high pH (alkaline)
soils is very low in proportion to N2; for example, there is about 40 times more N2

produced from denitrification as there is N2O in soils with a pH > 8. In contrary, the
N lost in the form of N2O from low pH (acidic) soils can be greater than or equal
to half of the total N lost (Schwenke et al., n.d). Therefore, even though it has some
biases, using this fact was helpful to estimate the rate of N2O emission separately.
Otherwise, estimating the extents of N2O and N2 separately may demand isotopic
analysis and some other economically intensive experimentations.

The soil in the study area was alkaline (pH > 8), averagely 9.0 (Shishaye 2015b).
Accordingly, the N2O emission from the farm was set to 1/41th of the total nitro-
gen lost to the atmosphere through denitrification. This is according to the above-
mentioned fact of the N2O to N2 ratio of alkaline soils. Therefore, the amount of
atmospheric nitrogen produced from the denitrification process was found to be
230.4 kg/ha/year (Fig. 3.6). Hence, N2O emission from the farm due to denitrification
processes was estimated to be 5.62 kg/ha/year. This estimation is comparable with
the denitrification-driven N2O emissions estimated in the Bornhoved Lake region,
northern Germany (5.3 kg/ha/year; Mogge et al. 1999).

As discussed in the methodology section, the target nitrogen uptake capacity of
sugarcane was set to 33.6 kgN/ha. However, the rate of N fertilizer application on
the farmwas 104 kgN/ha for sugarcane plant, 130 kgN/ha for first and second-ratoon
crops and 156 kgN/ha for the third ratoon crops (Shishaye 2015b). This shows that
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Fig. 3.6 Simulation results. Nitrogen gas emission as a result of denitrification was found to be
10,827.1 kg/ha/47 years, while the amount of nitrate leaching was 178.8 kg/ha/47 years. The model
also estimated the extents of the different forms of nitrogen from the different sources at different
stages of the nitrogen cycle

the application rate was not balanced with the standard crop uptake capacity. It,
therefore, has led to a loss of nitrogen in the form of gas to the atmosphere and
leaching down to the aquifer underneath (Fig. 3.6). However, the amount nitrogen
loss from the system due to denitrificationwas around 61 times higher than the nitrate
leaching loss (Fig. 3.6). This was typically caused by the excess water and nitrogen
application rates, and the low nutrient uptake capacity of sugarcane. Gaseous (N2O
and N2) nitrogen loss was also 6.5 times higher than the nutrient uptake capacity of
sugarcane (Fig. 3.6).

Thus, a 10,000 ha sugarcane farm with the above-mentioned nitrogen applica-
tion scenario was found to contribute 5.62 kg-N2O/ha/year to the atmosphere. This
amount seems to be small. However, it only represents 10,000 ha of sugarcane farm.
Furthermore, the global estimation of N2O emission from nitrogen fertilizers applied
to the soil is around 1% (Arne et al. 1997) of the applied nitrogen, which also
seems very small, while agriculture is believed to create a global sum of around
4.5 million tons of N2O per annum (IPCC 2013; Denman et al. 2007). Therefore,
even the small number of estimates imply dangerous risks in terms of the contri-
bution of global agricultural farms to global warming and the warming potential of
N2O. On the other hand, the impact of the estimated N2O emission from this study
(5.62 kg-N2O/ha/year) on global warming is equivalent to 1686 kg-CO2/ha/year.
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In fact, projecting the amount of N2O emission estimated from this site to the
global mechanized agricultural farms seems to yield a huge amount of N2O emis-
sion. However, projecting an estimate from a small area to global scale will yield
high uncertainty as well. Hence, to reduce the levels of uncertainties and to attain
the global goals of greenhouse gas emission reduction through designing appropri-
ate management strategies, site-specific studies are very important, as management
strategies may vary spatially and temporally. The results from this study show how
important appropriate agricultural management, including the balanced fertilizer and
water application with the crop uptake capacity, is to tackle against the changing cli-
mate and to achieve the goals of decreasing the rates of N2O emissions. However,
the important causes of increased N2O emissions may vary spatially (Ma and Tip-
ping 1998; Signor et al. 2013a). Therefore, this suggests that the estimation of N2O
emissions at farm levels can solve the uncertainty states in the estimation processes
and help to suggest/design appropriate site-specific management strategies to reduce
greenhouse gas emissions.

There are different management practices that can help to decrease the emis-
sion rates of N2O from agricultural farms. Even though this work was mainly about
N2O emissions through denitrification, N2O can also be emitted from nitrification
processes. Therefore, factors influencing the nitrification and denitrification pro-
cesses, such as soil moisture, temperature, oxygen concentration, amount of avail-
able organic carbon and nitrogen and soil C:N ratio can affect the emission rates of
N2O from agricultural farms. Among these factors, those related to the soil could
be easily altered by management practices. Therefore, understanding the processes
of N2O formation in soils and the factors influencing the emission process is fun-
damental to develop efficient strategies to reduce N2O emissions from agricultural
soils.

Looking at the denitrification processes separately, the amount of water filled
in the soil pore spaces is the main factor influencing the emissions of N2O from a
system (Snyder et al. 2009; Brentrup et al. 2000; Bremner et al. 1980; Davidson
and Swank 1986). Denitrification is the anaerobic conversion of nitrate nitrogen to
the gases, N2O and N2. The last step in microbial denitrification is the reduction
of N2O to N2. The intermediate in the anoxic reduction of NO3

− to N2 follows the
following procedure: NO3

− → NO2
− → NO → N2O → N2 (Lewicka-Szczebak

et al. 2017; Barbarick 2014; Zhu et al. 2013; Easton and Lassite 2013; Thomson
et al. 2012; Hofstra and Bowman 2005; Andrew and Erin 2002; Johnson et al. 1993).
Therefore, the process of denitrification occurs in waterlogged soils and it requires
an energy source (carbon) and warm soil temperatures. Unlike N2O, N2 is not a
greenhouse gas. However, the loss of N2 from the soil means less N fertilizer uptake
by plants (Arne et al. 1997). On the other hand, the loss of N2O from cropping areas is
environmentally significant. Thus, in addition to the balanced application of nitrogen
fertilizers with the crop uptake capacities, balanced application of water based on
the crop demand is also very important to reduce N2O emissions from agricultural
farms through denitrification processes.
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Conclusion

In this work, the LEACHN model was used to predict N2O emissions from the
Metahara Sugarcane Farm due to denitrification processes. A significant amount of
N2O emission was predicted from the farm. The main cause of the considerable
N2O emission from the farm was an unbalanced application of nitrogen fertilizer
with the nutrient uptake capacity of sugarcane. The other likely cause was related
to excess irrigation water application on the farm. However, these causes may not
be important in other places with different nutrient and water application scenarios.
This suggests that farm scale estimation of N2O emissions is very important to use
the information generated under specific climate, soil conditions, and fertilizer and
water application scenarios so that to reduce uncertainties associated with global
projections and design site-specific management strategies to achieve the emission
reduction goals. The limitation of this work is that it only considers N2O emissions
from denitrification processes, while N2O can also be emitted from nitrification
processes. Therefore, this should be considered in future research in the area for a
comprehensive understanding of N2O emissions from the farm.
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Chapter 4
Business Strategies and Climate
Change—Prototype Development
and Testing of a User Specific Climate
Service Product for Companies

Markus Groth and Peer Seipold

Abstract Companies are increasingly concerned with current and future climate
change risks and opportunities that have the potential to generate a substantial change
in their business operations, revenue and/or expenditure. Against this background,
the paper presents and discusses the methodology and results from a joint activity
carried out by the Climate Service Center Germany (GERICS), the management
consultancy CSR Management Services, as well as the German 2° Foundation and
eight of its supporting companies in Germany. Based on the practical requirement to
develop a novel approach to increase awareness for companies to adapt to climate
change, a questionnaire has been co-developed as a novel “Company Analysis Tool”,
which considers the influence of climate change on key business indicators and
planning strategies. Additionally, a first implementation and testing of the “Company
Analysis Tool” took place, whereby 35 interviews have been carried out with the top-
level management involved. Therefore the main objective was to raise awareness
for climate change and the need for adaptation measures. The paper presents and
discusses the methodology, practical implementation, results and lessons learned
as part of this prototype development and testing of a climate service product for
companies.Onemainoutcomeof the projectwas to learn about the crucial importance
of closely integrating companies in the development of a climate service product at an
early stage andon an equal footing.Besides awareness raising and a company-specific
analysis, the detailed reflection of climate change opportunities and risks has also
been of great interest and importance for the participating companies. Therefore our
approach with a clear focus on companies’ specific challenges in different sectors
proved to be a useful climate service product, with results of high relevance for
adaptation practice and business.
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Introduction

Climate change challenges companies all over the world, forcing them to take action
in climate change mitigation and adaptation (Brunsmeier and Groth 2015b; CDP
2015; UN Global Compact 2015; Arent et al. 2014; IPCC 2014; Okereke et al. 2012;
Agrawala et al. 2011; UKCIP 2010). Thereby climate change imposes several risks
for companies, investors and financial stability in general (Sakhel 2017; Battiston
2016; Carney 2015). The Economist Intelligence Unit (2015) estimated the value
at risk as a result of climate change at 4.2–43 trillion US Dollar between now and
the end of the century and indicates that a wide range of assets might be affected.
In addition, Mark Carney (2015), the governor of the Bank of England, highlighted
in a worldwide noted speech that financial stability is threatened by climate change
due to the “Tragedy of the Horizon”. He referred to the dilemma that the “catas-
trophic impacts of climate change will be felt beyond the traditional horizons of
most [financial] actors—imposing a cost on future generations that the current gen-
eration has no direct incentive to fix” (Carney 2015, 3) and stressed that climate
change related risks threaten financial stability (Carney 2015). Assessing the impact
these climate-related risks have on the financial system is ranked as one of the most
crucial societal issues due to the importance of financial stability for the world econ-
omy and social well-being (Battiston 2016; ESRB Advisory Scientific Committee
2016; Carney 2015).

The World Economic Forum also reflects on the significance of climate change
in its annual “Global Risks Report”. Within the “Global Risks Report 2016” (World
Economic Forum 2016) the failure of climate change mitigation and adaptation has
risen to the top and was perceived as the most impactful risk for the years to come.
The “Global RisksReport” (World Economic Forum2018) shows that environmental
risks have even grown in prominence in recent years. This trend has continued this
year, with all five risks in the environmental category being ranked higher than
average for both likelihood and impact over a 10-year horizon.

The possible negative impacts of climate change for businesses, therefore, range
from an increase in production costs or a decrease in demand up to the destruction
of entire productions lines and the breakdown of the core business (IPCC 2014;
Linnenluecke et al. 2013; Agrawala et al. 2011; Linnenluecke and Griffiths 2010;
Aragón-Correa and Sharma 2003). Hence, for companies the aim is both to minimize
risks and also to be able to take opportunities from a changing climate (Groth and
Brunsmeier 2016; UN Global Compact 2015; IPCC 2014).

Companies are in general affected by climate change on a regulatory level (e.g. by
emissions trading systems or environmental impact assessments), on a physical level
(e.g. by an increasing temperature or changes in precipitation patterns) as well as on
a market level (e.g. through changes in consumer behavior or capital market-related
influences) (CDP 2015, 2017; BSR 2016; Groth and Brunsmeier 2016; Brunsmeier
and Groth 2015a, b; UN Global Compact 2015; Arent et al. 2014; CDP and Climate
Service Center Germany 2013, 2014; Linnenluecke et al. 2012, 2013).
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Climate change-related risks and opportunities differ significantly from one
company to another, based on the specific companies’ activity, location, as well
as supply chain (CDP 2018; BSR 2016; Groth and Brunsmeier 2016; CDP 2015;
Brunsmeier and Groth 2015b; CDP and Climate Service Center Germany 2013,
2014; Linnenluecke et al. 2013).

Due to specific vulnerabilities and capacities, companies also need company-
specific adaptation measures (Linnenluecke et al. 2013; Linnenluecke and Griffiths
2012; Busch 2011). But how should climate change knowledge and information be
processed to not only sensitize companies to the need of adapting to climate change,
but also to reflect and analyze business strategies?

Addressing this specific challenge, the project “Business Strategies and Climate
Change” has been carried out in Germany. The project was a joint effort between
the Climate Service Center Germany (GERICS) and the German 2° Foundation,
as well as the management consultancy CSR Management Services. The project
was structured in two phases. During the first phase, the methodological approach
was developed and tested with the support of three member companies of the 2°
Foundation. As part of the second phase, an adjustment and further development of
the procedure as well as an in-depth practical examination with five other member
companies of the 2° Foundation has been carried out. A main part of the project
was the development and testing of the so-called “Company Analysis Tool”. The
“CompanyAnalysis Tool” includes questions regarding themain organizational areas
of companies, mainly aiming to raise awareness for adapting to climate change. A
major goal was also to stimulate decision makers to critically question and recognize
company-specific processes and structures in light of potential interdependencies
with climate change.

The paper is structured as follows. Based on an introduction of the framework
conditions of the project, the methodological approach is described in the second
section. Thereby the focus lies on the development and testing of the “Company
Analysis Tool”. The third section discusses the results of the project,whereby both the
scientific and business perspectives are taken into account. Based on the experiences
and results from this project, ten recommendations for action how to integrate climate
change into business strategies (section four)will be introduced. Finally, a conclusion
summarizes the major findings and briefly highlights further need for research.

Methodological Approach

Development of the “Company Analysis Tool”

The development of the “Company Analysis Tool” was based on preliminary consid-
erations of the effects of climate change on businesses and companies. The starting
point was a classical model of economic value chains, additionally placed in the com-
pany/community sector and surrounded by suppliers and consumers (Porter 1985,
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Fig. 4.1 Criteria along the value chain. Source Own, based on Porter (1985, 37)

1998, 2010). Three complementary perspectives are addressed to consider the pos-
sible influences of climate change on operational activities as comprehensively as
possible.

Relevant Areas of Analysis Along the Value Chain

The concept of the value chain by Porter has been used to analyze the operational
value-creation based on interrelated factors of production (primary and secondary
activities). Various value chains yield a value system,which corresponds to an overall
value chain. As a first step, the project team identified value-creating activities within
companies relevant with regard to climate change (Fig. 4.1).

Relevant Areas of Analysis Along the Value Levers

As a second step, the extent to which climate change may have an influence on
production factors and stakeholders with a leverage effect on revenue and profit
was analyzed (value levers). This approach is not based on an established model,
hence a specific procedure was established. In total, the following eight areas of
analyses (Table 4.1) were discursively deduced by the project team. Included are
those production factors not being considered in the value chain concept of Porter.
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Table 4.1 Criteria regarding value levers

Management and
management systems
– Target systems
– Incentives
– Decision actions at
investments

– Environment
controlling

– Support programs for
affected communities

– Cross industry
participation or local
industry initiative

– Anticipation of
political interventions

Facilities/locations
– Resilience requirements for
existing locations

– Selecting and planning of
locations

– IT/TK-Infrastructure (own
data centers)

– On site utilities (electricity,
water, gas etc.)

– Stocks, aggregates

Costumers
– Changed demand
– Customer
satisfaction

– Willingness to
repurchase

– Recommendations
– Customer loyalty
– Costumer
acquisition

Employees
– Health and security
of employees

– Support programs
for affected
employees

– Reputation of
employers

Reputation
– Credibility
– Brand trust
– Media feedback

Innovation
– Impact on technical, social
and organizational
innovations

– Research and development
efforts

Organization and
operative efficiency
– Location based
emergency plans
(authorities,
stakeholder,
charities)

– Risk maps
– Disaster-teams

Investors
– Access to finance
– Creditworthiness
– Ratings
– Insurance category

Source Own

Relevant Areas of Analysis Along the Value Driver

Furthermore, the potential effect of climate change on the financial outcome of
business activities has been considered. The driver tree was used for this purpose
as a classic economic model (following the “Du-Pont-Scheme”; see for example
Horváth 2011 or Bausch and Kaufmann 2000). Potential influence points for climate
change related effects are illustrated on the right-hand side of Fig. 4.2. The left-hand
side illustrates the measurability of corresponding impacts on economic successes.
The different indicators of the “Du-Pont-Scheme”—if and how climate change may
influence these, and how this may in turn impact economic success—have been
discussed within the project team.

Against this background, the areas of analysis illustrated in Table 4.2—and
deemed as fundamentally relevant—were deduced along the value driver. Here the
focus lies on monetary indicators, which are relevant for the account balance and
company management.

Structure and Content of the “Company Analysis Tool”

The three complementary areas value chain, value levers and value drivers are the
main areas of investigation. In order to limit the planned interviews to one and a
half hours, the project team prioritized possible subtopics based on their perceived
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Fig. 4.2 Driver tree based on the “Du-Pont-Scheme”. Source Own

Table 4.2 Criteria regarding value driver

Current asset
– Stocks
– Demands
– Liquidity

Variable costs
– Procurement costs
– Production costs
– Distribution costs

Fixed assets
– Property assets
– Tangible assets (machines,
fleet, equipment)

Additional indicators
– Revenue (regions, customer
groups, product group)

– Cash flow
– Contribution margin
– Profitability
– Sales volumes
– Turnover rate
– Prices

Fixes costs
– Procurement overheads
– Productions overheads
– Distribution overheads
– Administration overheads
– (Insurance costs)

Source Own

importance. These estimates were merged during a successive project meeting. All
subtopics with different prioritizations were jointly discussed, whereby the essential
necessity of their inclusion was reflected. Based on the consensus-oriented discus-
sions, the relevant subtopics were determined, which served as the bases for the
“Company Analysis Tool”.

Thereby interview questions were formulated for each subtopic. In summary, the
structure of the “Company Analysis Tool” is based on the following main organiza-
tional areas of companies (Table 4.3): (i) management and leadership, (ii) market,
(iii) finances, (iv) infrastructure, (v) production and logistics and (vi) employees.
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Table 4.3 Main organizational areas of companies and subtopics of the “Company Analysis Tool”

Management
– Management board
– Climate-induced regulation
– Time horizon
– Risk management
– Accounting/controlling
– Investors
– Decisive action at
investments, mergers and
choice of location

– Resilience of existing
locations

Market
– Changed demand and
customer service

– Influence on technical,
social and organizational
innovations

– Product improvements and
adjustments

– Product quality
– Costumers communication
– New structure of markets
due to competitors

Finances
– Property assets
– Participations
– Tangible assets (machines,
fleet, equipment)

– Asset investments
– Depreciation
– Interest cost
– Insurance costs
– Stocks

Infrastructure
– Emergency plans for
failures of public
infrastructures

– Supply and disposal
– Utilities
– Risk-/opportunity-maps
– IKT
– IT/TK infrastructure (own
data center)

– Selection of data center
provider

Production and logistic
– Precursors
– Warehousing
– Distribution, transport,
inbound and outbound

– Termination
– Resilience and
vulnerability of important
suppliers

Employees
– Qualification requirements
(skills, competences)

– Trainings

Source Own

Each of the six main organizational areas of companies is divided into different
company-relevant subtopics, whereby each subtopic is translated into specific ques-
tions. In total, the “Company Analysis Tool” includes 55 questions regarding 36
subtopics. The following questions taken from the “Company Analysis Tool” have
been of particular relevance during the interviews and can serve as examples for
questions focusing on the different organizational areas of companies:

(i) Management and leadership:

– Is the topic already in the company’s strategic planning catalogue or has this
been requested?

– Is there a channel or the possibility of feeding the topic “climate change”
into the management board?

– What period does the strategic planning of your company encompass?
– Has or will an early warning system been/be set up?
– Do national and international corporate location program/action plans exist
in order to increase resilience?

(ii) Market:

– Is the company able to take advantage of opportunities arising from climate-
induced changes in demand (e.g. due to changes in lifestyle)?
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– Does the company use opportunities for new products and services that may
arise from climate change?

– Is the functionality and performance of products or services under changed
climatic conditions guaranteed at the same or at least comparable quality?

– Is there a plan for customer communication in climate-related crises?

(iii) Finances:

– Is the company taking into consideration its own location and the risk of
devaluation of land, because climatic effects could affect its value?

– Is the company taking into account the opportunities and risks of climate
change on investments?

– Is the company taking into account increased depreciation requirements and
asset impairments by climate-related impacts?

(iv) Infrastructure:

– Does an emergency or contingency plan exist for the failure of public and
technical infrastructure at each of the national and international corporate
locations (public transport, traffic, public order and security, water, gas, elec-
tricity, schools, etc.) as well as for the cooperation with local authorities,
stakeholders and aid organizations?

– Is a self-containedpower, fuel (e.g. gas) andwater supply available at national
and international corporate locations?

– Do geographical risk maps for climate change impacts exist for national and
international locations?

– Are in-house IT/telecom infrastructure (networks, data centers, accounts
points) designed to be resistant to climate change impacts?

(v) Production and logistic:

– Have you made sure that primary products, semi-finished goods or inputs
that are essential for the production process or for the provision of services
by the main and spare suppliers, can be supplied in the same quality in order
to avoid failures induced by climate change?

– Do warehouse stocks at the company’s sites exist in sufficient number in
order to overcome supply bottlenecks (e.g. from areas affected by impacts
of climate change) and to keep production running?

– Are buffer times in incoming and outgoing logistics scaled in a way that
effects related to climate change (e.g. transport delays) are factored in?

– Does information exist that will allow an assessment of the degree of climate-
resilience/vulnerability of the most important suppliers?

– Is there a development programme aimed at strengthening the resilience of
the main suppliers?
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(vi) Employees:

– Do you expect that the skill profile of the workforce will change due to
requirements related to climate change?

– Are programs offered for further training or a systematic exchange of knowl-
edge in order to match the required skills profile of employees due to climate
change?

Cooperation with Companies

The appointments with the companies included a pre-evening meeting as well as
the actual work meeting (interviews). A total of 35 interviews were held at eight
different companies. In the second phase of the implementation and testing, two
informal interviews with CEOs were carried out. Aims of the pre-evening meetings
for the participants were to become familiarized with each other, to introduce the
project, to explain the developed approach, aswell as to answer general questions. On
the following day, the interviews took place. The selection of participating decision
makers was the responsibility of the company representative of the 2° Foundation.
Each of them received the “Company Analysis Tool” several weeks beforehand, and
appointed interview partners within the company based on the interview contents.
Generally, the interview partners have been working in the areas of strategy, finances,
procurement, logistics, product development, marketing or human resources.

After the first implementation and field testing of the “Company Analysis Tool”
with three companies, the findings of the first project phase were used to critically
examine and evolve the content. Some questions were reformulated or removed, and
additional questions have also been included.

In the second project phase, the updated “Company Analysis Tool” was again
implemented and tested in practice. Five additional member companies of the 2°
Foundation participated. The involvement of partners in the field intended to give
the project team a more detailed implementation knowledge as well as practical
experience about how different companies deal with decisions on climate change
impacts. At the same time, the participating company representatives were able to
receive more information and persuasive argumentation skills in handling the topic
of climate change adaptation within their companies.

For the completion of the project, a summarizing feedbackmeeting for the partici-
pating companies was organized in order to present the (anonymized) project results.
Additionally, each company received an individual evaluation of the interviews as a
confidential document. This evaluation included (i) company-specific recommenda-
tions, (ii) anonymous references from the interviews, (iii) an anonymous comparison
with other participating companies, (iv) general recommendations for actions, aswell
as (v) the current version of the “Company Analysis Tool”.
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Results

In addition to identifying different service and user requirements for individual com-
panies, such as the analysis of climate change-induced risks for production sites and
supply chains, the project and associated discussions with companies from different
sectors contributed to the generation and solidification of important practical knowl-
edge. Moreover, crucial findings about the existing demand for information about
climate change and adaptation were gained. Thereby the interviews made for exam-
ple clear, that currently companies have a greater need for either past climate data
or data analysis for the next one to maximum five years, as they can be more easily
integrated into decisions and processes compared to long-term climate predictions.
Hence, a lack of relevance was considered due to the fact that longer-term data is
too far beyond companies’ time horizons. This is in line with the current literature
(Soares and Dessai 2016; European Commission 2015).

In general, the results from the interviews showed that companies are already
affected by climate change and will continue to be affected in the future. Regarding
their primary economic activity, one main impact is a change in the quality and
availability of input factors,which also influences their prices. Since some of themain
manufacturing facilities and also distribution infrastructures are located in vulnerable
regions, climate changehas a strong relevance regarding the stability and continuity of
supply chains. Furthermore, companies are influenced by climate change regulations,
as well as expected changes in the demand for products. These overall results from
the interviews are very much in line with the current literature on the influence
of climate change on companies (CDP 2017, 2018; World Economic Forum 2018;
Sakhel 2017; Groth and Brunsmeier 2016; Brunsmeier and Groth 2015a; UN Global
Compact 2015; Arent et al. 2014).

The adaptation to climate change, however, is currently not the most important
topic for the companies, as they assume to be able to react in due time and are able
to change their suppliers, if needed. Although a general interest in climate services
is prevalent, they currently do not see direct physical impacts as an urgent topic, as
these are not perceived as an actual threat. On the other hand, climate change as a
business opportunity is perceived as important.

What also turned out to be very relevant during the interviewswas a differentiation
of the assessments regarding the main organizational areas of companies. Regarding
management and leadership, there is often no clear answer to the question of the extent
to which the issue of climate change is anchored in the executive board, whereby
climate change is currently still mainly perceived as a risk. A few companies already
perceive climate change as a business opportunity, whereby an early consideration
of shifting consumer needs is of great importance. The possibility of looking at
opportunities, however, has often not yet been established.

In the organizational area of production and logistics, companies often pointed
out that they usually have few alternatives, as trucks are the most important means of
transport. For ships, the supply chain can be interrupted,whereby disasters or climatic
conditions are currently not sufficiently studied. In general, there is a great awareness
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that climate change combined with environmental requirements will influence the
way in which companies produce in the future. Regarding the need for climate
information, for example, it would be of interest for companies to know where
suppliers are located and what climatic challenges are relevant for the management
of these locations. Such information or data could then be “played through” with
climate scenarios in order to identify the most important risks. As such, there is a
well-defined need to include background information on climate change. However,
often there is still no clear pathway of how to include climate impacts into decision
making.

In general, the decision makers interviewed see the potential to use climate ser-
vices in the future, even though they have so far hardly dealt with the topic. The most
important step seems to raise awareness of climate-related threats and opportunities,
in order to deal with a significant opportunity to improve their knowledge about how
impacts of climate change—especially physical impacts—directly affect them. The
main purchase driver for climate services is profit maximization, specifically in the
short term. Because companies react on short timescales, decision makers develop
strategic orientations for the next one to three years. In order to generate profits,
short-term (seasonal to decadal) climate information could be helpful to support
companies’ decision making—mainly to proactively develop new strategies to adapt
to climate change, taking into account the above-mentioned influences.

Potential purchase drivers could also include risk assessments for suppliers or
supply chains, governmental regulations, and sales decline or revenue growth. The
buying decision of climate services depends upon a company’s structure and whether
it is easier to sell climate services directly to the management in the company’s
headquarters, or to a company’s branch in another country. In the case that climate
services are applied in the future, companies would most likely buy them externally,
rather than building their respective capacities internally.

Furthermore, necessary research areas for companies were detected. These
included the necessity of scientifically sound and practicable methods for the estima-
tion of the financial impacts of climate change on real estate, investments, properties,
and amortization. For the companies’ participants the individual evaluations and the
derived recommendations for action were considered valuable and relevant in prac-
tice. To this end, it was important that the companies’ individual situations were
considered throughout the duration of the project.

The sensitization to and anchoring of the topic of adaptation to climate change
were perceived as especially useful and innovative. Moreover, participation in the
project was recognized as an important and effective impulse for an intensive internal
reflection on the topic of climate change. Furthermore, the project enabled future
process optimizations as well as improved internal topic-related networking.

Additionally, the project proved to be effective in identifying the adequate depart-
ments and divisions, and in bringing together the relevant stakeholders within the
participating companies. It is important to mention here that the project was pur-
posefully designed in a way that the overarching structures and departments—such
as risk management, environment and climate change mitigation or sustainability—
were not immediately relevant for the selection of the interview partners. The focus
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was instead placed on approaching the companies with the project-relevant func-
tions. This facilitates companies in structuring and processing the topic in the future,
contributing to minimizing inter-divisional strategical and operational gaps.

Recommendations for Action How to Integrate Climate
Change into Business Strategies

Supporting companieswith respect to climate change impacts needs a strong focus on
business opportunities. A proactive analysis with climate change impacts can also
open up possibilities for new business models or products. Still, businesses often
struggle with the development and implementation of climate-proof strategies.

Creating awareness and a problem analysis are important starting points towards
adaptation. Both need to use state-of-the-art climate change information with a focus
on the identification of areas of vulnerability within the value chain. The idea behind
this is to find the trigger for thought-provoking impulses. This could range from
the planning and implementation of redundant system elements up to the relocation
of suppliers and/or industrial facilities away from highly exposed sites. Thereby
the role of climate service providers is to act as a catalyst introducing customized
scientific knowledge to match a company’s internal expertise. Interlinking the two
subsequently enables a company to channel adaptation measures fit for its very own
specific purposes.

Based on the project described above, we developed the following ten recommen-
dations for actions as a sequence of steps for companies to integrate climate change
as changing framework conditions into business strategies:

1. Create awareness for climatemitigation and adaptation onmanagement or board
level.

2. Consider climate change impacts in the company’s strategic planning cycle by
putting the topic on the agenda of a board or management meeting at least once
a year, and implementing it as part of the risk management.

3. Use the management report for the communication with different stakeholders
as well as for company-internal awareness-raising.

4. Develop criteria to strengthen the resilience of the sites together with the
management of the branches.

5. Simulate critical climate events (production disruptions, supply bottlenecks,
etc.), along with corporate communications to show how business would be
affected and to supplement the crisis communication.

6. Carry out an analysis of the climate change risks of the company locations
(climate hot spot maps) in order to be able to develop adaptation measures.

7. Check the contracts of external service providers at the sites regarding
guarantees of force majeure (extreme weather events).
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8. Check the availability of intermediate products, semi-finished and finished
goods, for example for the duration of extremeweather events and the associated
impairments until infrastructures have been restored.

9. Consider the impacts of climate change with your most important suppliers.
Ask them to provide the relevant information also from their most important
suppliers.

10. Use the internal corporate communication to report on implemented measures,
so employees can document successes and effectively communicate knowledge.

Conclusion

For companies, the gradual and long-term nature of climate change often still cre-
ates a conflict, because corporate strategy planning rarely ever exceeds 3–5 years.
Nonetheless, if companies do not start acting now and do not leave the “wait-and-
see” mentality behind, it will continuously become more complex and cost-intensive
to avoid major repercussions in the future.

Overall, the participating company representatives demonstrated a keen interest in
the “Company Analysis Tool” as well as the accompanying implementation and test-
ing. In addition to the thematic sensitization and the company-specific analysis, the
strategically important opportunity of a consolidated reflection about opportunities
and risks of climate change was of particular interest.

The “Company Analysis Tool” thereby served as an innovative approach for a
thematically comparison, learning and improvement of the addressed company divi-
sions. Moreover, often a stimulating and constructive discourse about the impacts of
climate change for the company in question was initiated. The project also demon-
strated that for the development of innovative and scientifically sound climate ser-
vice products, it is crucial to work together with companies from the beginning
onwards and based on individual company-specific situations. Through the involve-
ment of company representatives from different sectors, a consolidated implementa-
tion expertise, as well as experiences about climate change-related decision making
processes within companies, was generated. A challenge recognized throughout the
overall process was the identification of quantifiable benefits of the adaption to cli-
mate change for companies, even if most of the participants recognize the urgent
need to manage current and possible future impacts of climate change. Moreover, an
important communication task for the project team was to guide the thematic focus
of the interviews towards the adaptation to climate change, as the questions posed
were sometimes mistaken with climate change mitigation.
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In summary, the project showed that no “one-size-fits-all-adaptation” to climate
change exists for companies. Even best-practice examples are inmost cases not effec-
tive, as projecting from one company to another might ignore individual features and
structures. However, the “Company Analysis Tool” and the accompanying approach
proved to be a specific and scientifically sound climate service product, that is based
on requirements from the private sector and helpful for companies to raise awareness
and reflect on robust climate strategies.

Based on the project and it’s results additional recommendations for actions have
been developed as a sequence of steps for companies to integrate climate change as
changing framework conditions into future business strategies.

However, based on the project, additional need for research has been derived
regarding the necessary next step of integrating climate information into business
operations. As part of this currently ongoing work, it will—jointly together with
companies—analysed which weather events and climatic changes can directly or
indirectly affect the companies’ workflows and business processes. The identified
impacts will then be prioritized with regard to their relevance for the company. The
aim is to identify those affected areas that have the highest potential to influence
companies. Climate parameters will then be selected for the most important impacts.
For this purpose, available regional climate information for the identified climate
parameters will be visualized and evaluated.
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Chapter 5
Why There Is More to Adaptation Than
Creating a Strategy

Steffen Bender, Jörg Cortekar, Markus Groth and Kevin Sieck

Abstract Decision makers in cities and urban areas are key implementers of policy
steps tomeet the goal of curbing global warming to 1.5 °C compared to pre-industrial
levels. This needs strong political leadership as well as major transitions in how both
mitigation and adaptation are undertaken.However, as simple as adaptation to climate
impacts can sound at the beginning, as difficult it becomeswhenworking on it. Adap-
tation to climate change in urban areas is a complex process with mostly small scope
for action. It requires the synthesis and integration of different approaches, methods,
tools, interests and stakeholder engagement, all inside a rigid administrative and legal
framework. The potential for an effective climate risk management including multi-
ple sector-oriented adaptation actions is increased by combining local environmental
and social information with regional projected climate impacts as well as different
scales of potential risks. To positively influence the quality of life and the resilience
of infrastructure in the future, it is necessary to consider first all possible impacts in
planning and design processes in a strategy. Furthermore, the theoretical and legal
framing needs to be transferred into operational adaptation actions. Thereby, the role
of climate services will be further developed in a field currently still characterised
by specific need for research.

Introduction

Climate change and urbanization are closely interconnected. Currently, more than a
half of the world’s population lives in urban areas with an expected increase of this
share to approximately 60% by 2050 (United Nations 2018). As cities are important
economic hubs, their demand for resources and the account of global CO2 emissions
is high.But, they are not only contributing to climate change, theywill also be affected
by expected climate change impacts such as urban and river floods after heavy rain
events, storm surges or heat stress, which will most likely occur more frequently and
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with increasing intensity in the future (Jacob et al. 2014; Revi et al. 2014; Collins
et al. 2013). From the cities perspective, the top-five physical risks reported to the
CDP are (i) more intense rainfall, (ii) more frequent heatwaves, (iii) more hot days,
(iv) hotter summers, and (v) an increased urban heat island effect (CDP 2014; Groth
et al. 2015). Thereby, the concentration of people, assets, critical infrastructure and
economic activities exacerbates the potential of natural hazards and extreme weather
events. This is why cities are key players with respect to climate change, both in
terms of mitigation and adaptation. Hence, it is necessary to consider them jointly
and equally when searching for solutions.

The important role of mitigation and adaptation efforts is also highlighted in the
Global Risk Report 2018 (World Economic Forum 2018), whereas the risk categories
“extreme weather events”, “natural disasters” and “failure of climate change miti-
gation and adaptation” are among in the “top 5” in terms of likelihood and impact.
Furthermore, it has to be pointed out, that one of the major challenges is dealing
with complex risks in systems characterized by feedback loops and tipping points
that can make interventions problematic (IRGC 2018).

City administration around the world are already well aware of climate change
mitigation and the most important hydro-meteorological hazards relevant for their
city. On the policy level damaging events mostly open a window of opportunity
to improve the prevention against natural hazards, and to adapt actively to future
climate impacts. But, with regard to climate change adaptation, however, there exist
some ambiguities. A recent study for Germany shows, that nearly all cities with
more than 100,000 inhabitants have a climate action plan or a mitigation strategy. In
contrast, adaptation plans or strategies can be found preferably in the bigger cities
with more than 500,000 inhabitants (Thieken et al. 2018).1 Generally speaking,
mitigation options that are quite easier to implement and presented to the public are
preferred.

Even though effective adaptation measures are known—such as the preservation
and expansion of green areas and water elements or the use of climate-sensitive con-
struction materials—identifying, planning, implementing and monitoring respective
measures is challenging and face many administrative barriers. Besides the lack of
financial and human resources (Betsill and Bulkeley 2007), there is another big chal-
lenge: the high complexity of climate change impacts including their interaction with
non-climatic drivers, and the occurrences at the interfaces between different urban
fields of actions and administrative responsibilities. To face these challenges urban
administrations developed many gradiations of adaptation actions (Reckien et al.
2014). However, with respect to adaptation actions there still exists the misbelief
that developing an adaptation strategy or carrying out workshops is sufficient to be
prepared for climate change. In reality, main work starts beyond the strategy develop-
ment, where theory meets practice with the numerous existing barriers, conflicts and
frames. Compared to mitigation, planning and implementation processes for adapta-
tion actions are muchmore complex, because of a broad variety of interacting factors
and drivers to be considered. Overall it is essential to understand the whole system

1State of data collection 05.07.2017.
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with a holistic approach, that combines different methods, information, needs, chal-
lenges and knowledge to create synergies. This can be done with a so-called modular
approach, because it can be tailored to the given framework.

The Specific Adaptation Environment in Urban Areas

The main goal for city administrations with respect to climate change impacts is
the strengthening of resilience to protect inhabitants, assets, and elements of criti-
cal infrastructure. This includes measures to improve the skills of the urban soci-
ety to learn from past events with regard to current and future climate impacts to
define precautions and adaption options. A further challenge for the planning of
successful adaptation actions is the necessity to consider impacts of cross-cutting
climatic drivers—such as increasing temperature, heatwaves, droughts, river and
urban flooding, sea level rise, changing precipitation patterns—and non-climatic
drivers—such as demographic change or economic development—including their
interactions. According to Moser and Ekstrom (2010) adaptation involves changes
in social-ecological systems in response to actual and projected impacts. Hence,
regional climate impacts can be described and linked easily to known adaptation
activities (adaptation in theory, Fig. 5.1).

In practice, one has to face further environmental and legal components that lead
to a more complex process when it comes to climate change adaptation on the local
level. What is needed is a method that allows integration of state-of-the-art scien-
tific knowledge with local information. With regard to the so-called policy regime
(May and Jochim 2013) which defines the maneuvering space for adaptation actions

Fig. 5.1 Impact-tailored adaptation in theory and practice
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there is only little room left for the development, implementation and maintenance
of adaptation measures. The overall legal framework consists of different legisla-
tion levels from European laws to federal regulations characterized by conflicting
interest of administrative units from the EU down to local scales. Each legislation
level contains numerous acts, codes, directives, laws, guidelines and recommenda-
tions for each sector. Inside this complex framework conditions, adaptation action
has to face several conflicts and competing processes that are lowering the imple-
mentation speed. Further important boundary conditions are limited financial and
human resources, cultural habits, operational capabilities, and urban-rural relation-
ship (Bender et al. 2015; Cortekar et al. 2015; Dilling et al. 2015; Terenzi andWester-
lindWigström 2014; Ricardo 2013). The planning and implementation of adaptation
actions in urban areas are embedded in a complex frame influenced by internal and
external drivers (Groth and Nuzum 2016; Umweltbundesamt 2015; Kalafatis et al.
2015; Ricardo 2013). In the last years climate change and its impacts are more and
more included in law and regulation. However, in most cases it is unclear how to
deal with climate change adaptation in practice, mostly due to missing methodology
or experiences. Furthermore, adaptation in general is currently not particularly con-
sidered in administrative processes. Therefore, a modification of existing workflows
and a functional allocation of responsibilities is needed. Both is challenging due to
the cross-sectoral and transdisciplinary dimension of climate change impacts.

What is needed is a method that recognizes legal requirements and can be integrated
in existing work flows.

A common procedure to bring together competing demands is the use of no-regret
or low-regret-options, because they generate benefits even if the expected impacts
of climate change do not occur or with a smaller impact (Bender et al. 2017a).
These options however, are not easy to identify in practice due to conflicting inter-
ests. Another approach is to develop innovative measures that address two or more
goals such as multiple functions of urban green spaces for the reduction of urban
heat, increase of biodiversity, the possible use as retention room for rainwater after
heavy rain events and the function as recreational areas. But besides theoretically
best options, discussions with practitioners show, that addressing a new function in
practise often goes hand in handwith new challenges due to the necessary integration
of new parties and institutions in the adaptation process.

What is needed is amethod that builds on intensive stakeholder integration, co-design
of measures and communication.

With regard to local vulnerabilities or fields of actions each city has its own footprint
depending on the climatic (now and in the future), environmental and socio-economic
frame. This covers aspects such as geographic location, urban climate, relationships
between city and surroundings, population density, projected climate impacts, local
climate vulnerabilities, financial and human resources, and stakeholder interests.
Each aspect has to be addressed specifically. Thereby a precise analysis and descrip-
tion of the different challenges is the basis for the development and implementation of
scientifically sound and appropriate solutions. With regard to good practice in other
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cities, the individuality of each city and climate change related questions makes it
nearly impossible to transfer an adaptation measures or strategy that was specifically
designed for a given framework one-to-one from one to another city.

What is needed is a method that is flexible enough to tailor solutions to the individual
needs and challenges.

In order to identify the specific opportunities and challenges arising from climate
change for the city, it is necessary to understand all direct and indirect risks related to
climate change throughout the entire urban adaptation process. Therefore, all related
activities have to focus on the whole system instead of single elements, in order to
avoid misleading action in sectors that would otherwise be overlooked or not ade-
quately considered. Due to the large number of stakeholders and players, political
and individual interests, single and interacting drivers, policies and regulations as
well as short- and long-term challenges the urban system is complex. Besides, the
associated interacting and competing components, sectors and institutions, the fol-
lowing aspects are necessary to develop sustainable and climate change-suitable city
structure elements: the climate system (regional to local scale), the (urban) water
cycle, the material cycle and numerous of value chains. Due to many non-linear rela-
tionships between different elements and dynamic processes with moving targets,
this is a great challenge and still characterised by the need for both scientifically
sound and user-based climate services.

What is needed is a method that is based on a holistic view.

Hence, the importance of addressing hands-on recommendation that support adap-
tation actions should not be underestimated. Most available tools, recommendations
or developed products do not fit to the level of expertise found in the common local
administrations. To guarantee the success and long-term benefit of a climate service
product it is necessary to establish a transdisciplinary process in order to develop
solutions that are useful for non-scientists and support for example municipal urban
planners or other stakeholders in their daily work. This allows to integrate stakehold-
ers from the very beginning on to ensure that their requirements are identified and
thoroughly addressed from the start of the adaptation action development and on an
equal footing (Steuri et al. 2018).

What is needed is a method that supports transdisciplinary processes.

All these aspects and specific needs have to be considered in climate change adapta-
tion in urban areas. Consequently, an innovative and flexible methodological frame
is needed that allows the integration of these multiple challenges.
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The “GERICS Adaptation Toolkit for Cities”
(“GERICS-Stadtbaukasten”)

Experiences gained from several case studies (Bender et al. 2017a; Weyrich 2016)
and research projects with regard to climate change impacts and associated adapta-
tion measures in cities shows the necessity for a flexible tool that addresses a whole
range of actions (Cortekar et al. 2016) based on a combination of scientific knowl-
edge and local expertise. In fact, solutions have to be harmonised while considering
existing administrative barriers as well as planning processes and structures. A flex-
ible approach is needed, that can be tailored to individual needs within a city. This
includes the applicability in all parts of the city and on all scales, independent of
their specific settings, such as the environmental framework, the existing degree of
information or the most pressing challenges.

With respect to the existing legal framework, administrative structures and pro-
cedures we developed a methodology that can easily be integrated into existing
administrative process chains. This includes the possibility to bridge two or more
workflows and making use of synergies. This function helps to reduce additional
administrative efforts and it increases the acceptance of adaptation action in general.
This is of utmost importance since in many cases adaptation activities compete with
activities in other sectors such as educational and cultural services.

The idea behind the adaptation toolkit for cities (German product name:
“GERICS-Stadtbaukasten”) is the provision of a flexible and transparent product
enabling a holistic view on the urban system, based of state-of-the-art regional cli-
mate information and options for all types of communication including transdis-
ciplinary processes. This is done by the provision of numerous independent but
easy-to-connect and easy-to-use modules within different module groups, which
address different important aspects for cities—e.g. the vulnerability against all types
of floods, the climate proofing of compensation measures (Bender et al. 2017a, b),
or the thermal comfort in the future. The main idea is the support of the development
and implementation of all kinds of adaptation actions. This includes techniques for
a systematic assessment of current and future opportunities and vulnerabilities due
to climate change impacts, based on the best available climate as well as social and
environmental data and information.

The “GERICS-Stadtbaukasten” provides eleven independent but connectable the-
matic module groups—such as “Economics and financing”, “Communication” or
“Critical infrastructure”—including interfaces for example to the “GERICS adap-
tation toolkit for companies”. It covers the most important areas of activities that
are relevant for planning, developing and implementing adaptation actions. Thereby,
eachmodule group consists of one ormoremodules with specific priorities (Fig. 5.2).
The module group “Urban water”, for instance, consist of different modules such as
“Temporary flow paths and retention rooms” or “Awareness rising: floods”.

The modular structure allows flexibility that is needed to ensure applicability in
different cities, independent of their specific settings, and its transferability to other
regions regardless of the available information or the complexity of the system under
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Fig. 5.2 A look inside the module groups “Urban water”, “Urban “Green”, and “Climate adapted
urban development” of the “GERICS-Stadtbaukasten”

consideration.Despite the fact that flexibility is not per se an adequatemethodological
approach to deal with complex systems, it here refers to the possibility for decision-
makers to pick and combine individually those tailored elements of the framework
that fit best to their needs. In case there are no modules available that address the
topics raised, new modules can be developed to meet the demand.

The Working Process

The whole process of applying the “GERICS-Stadtbaukasten” starts with the elab-
oration of the toolkit-frame according to the individual needs of the municipality
and the analysis of all site characteristics. This includes the collection of the current
individual needs and potential conflicts, the determination of available local infor-
mation, the identification of relevant stakeholders and administrative processes, and
the simulation of regional climate information of the past, present and future.

According to the existing and available information the given methodology is
modified with regard to the city characteristic information with respect to the admin-
istrative and legislative framework. This is necessary in order to identify the specific
opportunities and challenges arising from climate change for a city or specific dis-
tricts or sectors, and to be able to understand all potential direct and indirect risks
related to climate change impacts throughout the entire adaptation process.
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Starting Point: Regional and Local Climate Information

Independent of the individual scope and strategic objectives, state-of-the-art regional
to local climate change information is one of the corner stones to estimate possible
climate change impacts and the related hot spots in a region under investigation.
Currently, regional climate models do not reach the resolution to simulate local con-
ditions and urban climate models often lack processes or the possibility to simulate
longer time-scales. At the Climate Service Center Germany (GERICS) two path-
ways are followed to close this gap. On the one hand, climate modelling capacities
are enhanced by implementing idealized urban modules into regional climate mod-
els to better study feedbacks between urban areas and their environment on longer
time-scales. This also helps identifying episodes, for which a more detailed analysis
with urban climate models is required.

Whereas regional climate models are used to create a better understanding of the
climate system, climate information is needed for decision makers to derive proce-
dures and planning processes. The recent applicable information for Europe is pro-
vided by the EURO-CORDEX Initiative with a resolution of 12× 12 km (Jacob et al.
2014),whichhas been recently extendedby theReKlies-De (Regional climate projec-
tions ensemble for Germany—Regionale Klimaprojektionen Ensemble für Deutsch-
land) project (ReKlies-De 2017). Independent of the specific question or the avail-
ability of climate information, the scientific basis for all adaptation actions should
be an ensemble of high-resolution climate simulations of reasonable size to cover
the entire bandwidth of possible future climate conditions (Bender et al. 2018a, b).

In order to be able to answer specific questions related to adaptation action it
is often necessary to deal with the complex interaction between climatic and non-
climatic drivers. This requires the combination of regional or local climate infor-
mation with socio-economic and environmental data including multi-sectoral expert
knowledge at the local scale (Bender et al. 2017b). Because data availability and
data quality differ for each case, sometimes only rough estimates for one or several
components are possible. However, for several aspects this information can be suf-
ficient to initiate further steps—including enhancing monitoring activities, creating
new strategies or starting new scientific research.

By using the “GERICS-Stadtbaukasten”, it is possible to tailor an already tested
methodology to the available information frame. It should be noted that due to this
process, differences in the bandwidth, quality and validity of the results can be
expected.

Communication Is Key

Experience shows that the most important fact for the planning and implementation
of adaptation action is communication. As Brasseur and Gallardo (2016) mention,
using web portals or catalogues of best-practice adaptation solutions—or in other
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word the sole dissemination of information from science to local practitioners (“top-
down”-approach)—is not the best solution to start adaptation processes. Moreover,
activities are needed, that are carried out in close cooperation between stakehold-
ers or representatives of city administrations (mostly with the local environmental
protection authority, environmental authority or the climate city office) and scien-
tists. This process, however, is no fast-track activity, and time is needed to modify
administrative processes and to communicate how to appropriately use the existing
regional climate information including the bandwidth of results.

For this purpose different forms of communication have to be used to (i) ensure
the best possible (pre-)conditions for the application of the toolkit, (ii) to interact
efficiently between the different stakeholders—such as the moderation of processes,
stakeholder consultations, analysis of needs, improvement of system understand-
ing—, (iii) to raise awareness of local weaknesses and hot spots by consultating
local experts, companies and citizens, (iv) to translate scientific results into practica-
ble knowledge, (v) to transfer user requirements into science, and (vi) to stimulate all
kinds of the transdisciplinary dialogues for the combination of local knowledge and
regional climate information. This approach follows on the one hand side the com-
mon administrative communication approach, but on the other side offers sufficient
space for the promotion of third parties from outside the administration.

It is often the case that at the beginning of the process it is highly recommended
to define the most important technical terms, to build a common understanding. This
helps to avoid different understanding of processes and major goals. Furthermore,
it is important to clearly define and distinguish between terms such as adaptation,
exposition, hazards, risk, resilience and vulnerability, as they are strongly related
(Cortekar et al. 2016). With this common understanding it is possible to combine all
the various expertise, which is important to improve the integrative system under-
standing. This not only benefits the success of the project but is also expected to
increase the overall acceptance.

The whole process of the development and implementation of sound solutions is
carried out in close cooperationwith local stakeholders and experts aswell as decision
makers. The co-development- and co-design-processes are key to tailor each action
for specific challenges. Communication is at this point essential to pave the way that
all important local information is added to the set of information climate information
from observations to climate projections and to overcome the gap between adaptation
in theory and in practice. The exchange of knowledge supports (a) the understanding
of existing needs and associated conflicts, (b) the identification of known barriers
regarding the implementation (Weyrich 2016), (c) the analysis of what has been done
so far, (d) the development of consensus about threats and preferences for adaptation
measures between the stakeholders, and (e) the building of trust between all partners.

Typical actions in urban adaptation concepts are mainly focused on the ther-
mal comfort and health, flood related questions and different kinds of preventions
measures (Thieken et al. 2018).
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Example: The Adaptation Challenge Thermal Comfort

With regard to the thermal comfort the interest for administrations are directed
towards thermal stress and bioclimate (Steuri et al. 2018), because the globally
observed growing urban population and demographic change are two major chal-
lenges for cities of the future. Due to improved living conditions and health care,
average life expectancy in developing countries has been rising worldwide for many
decades (United Nations 2017). For example, in Germany the proportion of the
total population over 65 will increase from 27% (2014) to 35% (2030) and 38%
(2060) respectively (Statistisches Bundesamt 2016). As the number of elderly peo-
ple increases, so does the number of people affect by physical heat stress caused by
heat waves.

Growing cities need free space for further building activities, but this space is
increasingly rare. Each new building or structure reduces the available green spaces.
But urban green offers at least many ecosystem services. They are important for the
urban climate, themaintenance of fresh air corridors, biodiversity, recovery, retention
of precipitation, or the reduction of urban heat islands.

Climate-related risks for health and human security are projected to increase
with global warming of 1.5 °C and increase further with 2 °C (IPCC 2018), so that
adaptation actions are needed to optimize the thermal comfort in urban areas under
the conditions of climate change and land-use change. By the middle of the 21st
century, most people living in major cities will have to adjust to an increase in the
annual average temperature and the higher number of summer days, heat days and
tropical nights. However, climate-friendly and climate-adapted urban planning gives
people the opportunity to reduce the negative effects of climate change on the urban
climate and to influence the inner-city microclimate in such a way that overheating
can be reduced. With regard to the increasing heat in cities, three major challenges
can be identified in urban climatology: (1) unfavourable local wind conditions due to
interactions between the building structure, (2) a critical thermal situation caused by
the lack of evaporation possibilities or shading, and (3) a high heat storage capacity
of building and soil surfaces.

To raise the awareness of the complex challenges and the numerous factors—
such as the temporal and spatial distribution of surface and air temperature, the
arrangement of build-up structures, the location of cold-air corridors, air circulation
in the street, characteristics of the paving (color, degree of sealing), existing blue and
green infrastructure—an important step is the visualization of current and future hot
spots in city districts. One helpful tool for this approach are simulations of urban
climate models. They can be used to locate recent and potential future hot-spots and
for demonstrating the effectiveness of single or multiple adaptation measures.

By the application of the “GERICS-Stadtbaukasten” (module group “thermal
comfort and well-being”) regional climate information is used as input for urban cli-
mate models (Bender et al. 2017a). Figure 5.3 shows one example for the simulations
of the changes of the thermal well-being within a district with respect to selected
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Fig. 5.3 ENVI-Met-model area with location of adaptation measures (left) and map with absolute
difference of surface temperature 2021–2050 compared to 1976–2005, at 14:00 h (right)

adaptation measures such as the combined application of trees and blue infrastruc-
ture elements, and new building structures. The results of the simulations show the
high potential of local cooling effects (blue colour scale). The focus here is not on
the exact extent of temperature reduction through individual measures, but rather
on identifying potential challenges and possible solutions, and to raise awareness in
order to pave the way for integrating adaptation into future city planning activities.
The simulation shows the positive effects of shading, water elements, and from a
more open building structure. Whereas existing blocks of houses cannot be changed
easily in the housing stock, it gives an impression which structural elements should
be preferred in new city areas. By using urban climate models, it is also possible,
to show temperature related challenges of today and in the future for all typical ref-
erence districts of a city and transfer the result to other developed and undeveloped
areas of the city with similar structural elements (Germann 2018).

More detailed observations with higher sophisticated urban city models are pos-
sible, too. Curently a new model building-resolving athmospheric model for entire
city regions is under development (Scherer et al. 2019; Steuri et al. 2018), that should
be finally incorporated as a new “GERICS-Stadtbaukasten” module. With regard to
the applicability an important point for the use of such a model are open- or easy-
to-access-information (such as Google Maps, Bing Maps, Open Street Maps, urban
development plans) to build the model. Where no precise information is available,
such as for vegetation, surfaces and floor types, there exist proven standard data,
that can be used. Even though the scientific standard is not on the highest possible
level, the biggest advantages of this approach is the detection of potential hot spots,
the awareness creation which measures at which place might be helpful to reduce
climate change impacts and the visualization which building structures should be
avoided in further urban development.



78 S. Bender et al.

Example: The Adaptation Challenge Urban Flooding

Heavy precipitation and related river and urban floods cause costs in the hundreds
of million Euros every year—such as the heavy rain events in June and July 2017,
that caused total damages of EUR 600 million in the mid-part of Germany (GDV
2017). Because such events have already affected cities and municipalities all over
the world there is a high pressure on local administrations to react. Additionally,
recent studies show that as temperaturewill increase, also the number and intensity of
extreme events—including precipitation amounts and number of heavy rain events—
is expected to rise (IPCC 2018; ReKlies-De 2017).

Climate change is one of the most important drivers that can heavily influence
all components of the water cycle (Bender et al. 2017c). Main impacts will happen
at the extremes—long lasting drought periods and heavy rain events. One of the
most important aspects for cities (and its inhabitants) is the knowledge of the system
weaknesses and its most vulnerable parts, ranging from single critical infrastructure
element up to the whole city districts. Besides own observations and personal con-
cerns, whereas the positive aspects last for few years only, this can be addressed by
creating maps visualizing vulnerable parts or showing the spatial impact on selected
events.

With regards to urban flooding after heavy rain events or as a result of river
floods there exist many hydraulic models for flood simulations (Hunter et al. 2008)
or hydrological GIS-tools such as FloodArea (Disse and Assmann 2003) or the
Geomorphic Flood Area tool (Samela et al 2018). Using these kinds of software
tools selected parts of the city can be swamped virtually with defined amounts of
precipitation or selected amounts of water.

The GERICS-Stadtbaukasten approach combines structured surveys, historical
records of the local fire brigade, observations and other local expert knowledge—
as a base for the validation of model results—with regional climate information
and a GIS-tool simulation. The finally validated model simulations show accu-
mulation areas of the water, potential bottlenecks for the flow, or the effects of
poorly maintained elements with increased floodplain behind the blocked passages
(Fig. 5.4).

The results of such simulations could be:

(1) a starting point for the development of new protection concepts for the local
administration,

(2) a valuable pointer to raise the awareness for a regular control of the drainage
functionality by the cleaning of the culverts and removal of growing plants and
waste in discharge channel,

(3) an important note to visualize the vulnerable parts of the system where
adaptation is needed in a first step,

(4) a base for the information for the public to raise awareness with respect to flood
impacts about the self-responsibility of property owners.
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Fig. 5.4 Simulation of rain accumulation after a heavy rain events (60 mm in 1 h) with the GIS-tool
“WOLK”. Results with blocked drain (left) and operative drain (right)

The Role of Climate Services and Further Needs
for Research

Although impacts of climate change will cause considerable stress to all parts of
the city including the population and local administration, adaptation is still not the
preferred option for action. Limiting factors are restricted human, financial, and infor-
mation resources, the lack of foresight, competing interests or local political priorities
(Weyrich 2016). Whereas there are currently many plans for mitigation action, there
is still a limited awareness with regard to adaptation. Nevertheless, mitigation and
adaptation are closely linked. The comparison of a “business-as-usual”-world with
a “mitigation”-world (ReKliEs-De 2017) or a 1.5 °C-future with 2 °C-future (IPCC
2018) shows, that in a warmer world there is a significant increase of extreme events
with the subsequent increase of climate impacts. To keep investments on a low level
and to leave the business-as-usual-path—it is necessary to reduce CO2-emissions and
keep climate impacts and associated adaptation costs on a lower level—it is manda-
tory to adapt to local and regional projected climate impacts as fast as possible. This
also shows the need to consider mitigation and adaptation jointly and equally when
developing and implementing adaptation action.

Climate service providers can support urban adaptation actions in many ways.
Typical climate service products are education and awareness raising, consulting
services, monitoring, the provision of regional climate information and assistance in
the interpretation of the results. The demands reflect individual, sectoral and regional
specifications, in different temporal and spatial scale.

When dealing with information on regional climate change it becomes clear that
the data basis for the development of adaptation measures is often not yet sufficient.
In particular, there is a lack of comprehensive, reliable, spatially high-resolution
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information on small-scale local structures. Also, a distinction between longer-term
trends (e.g. for forestry) and extreme events (e.g. heavy rainfall, for urban planning)
is needed, whereby on a local scale there is an even greater need for information
on extreme events than on long-term trends. Furthermore, results of existing high-
resolution simulations and knowledge needs to be brought together and made easily
accessible.

Besides these necessary developments in the field of climate services, it must be
clear, that limiting global warming to 1.5 °C will require immediate action within
and across sectors, as well as multilevel governance. Thereby successful city-level
climate action urgently needs to take the next step from bringing strategies—already
in place worldwide—much more into strong and impactful climate action within the
next two decades.

Lessons learnt from the co-development process at the interface of science and
practice showed the importance of communication as an important element during
the whole process (Steuri et al. 2018). It ensures that local experience, findings,
andknowledge aswell as state-of-the art scientific knowledge, is integrated to develop
together sound solutions. One main goal of this approach is the development of new
applications that are easy-to-understand and address actual local needs. With regard
to the fuzziness of stakeholder needs that might change during the adaptation process
it is necessary to work with highly flexible approaches to enable fine adjustment.
Furthermore, there is a growing need to evaluate the output and outcome of research
and knowledge transfer activities in the field of climate services and to carry out a
formative evaluation during the research process itself, based on existing guidelines
andmethodologies from the area of socio-ecological research (Bergmann et al. 2005;
Schuck-Zöller et al. 2017). Additional need for research can be separated into the
field of information on regional climate change as well as regarding the cooperation
between research and practice.

Conclusion

Due to the interactions of many sectors as well as non-climatic and climatic drivers
bordered by environmental, social, administrative and legal boundary conditions
climate service products should be highly flexible in order to guarantee an optimal
fitting to the respective problem.Furthermore, this characteristic allows the transfer—
with minor or major modifications—to other sites, cities or regions, an important
factor for successful knowledge transfer.

The development of adaptation actions in daily operations is often a complex and
time consuming task. From all the necessary steps—which end at the implementation
and maintenance phase—the development of a strategy is the easiest step, because
the barriers at this stage are quite small, and it is a fast track action. This might be the
reason why city administrations often stops after finishing an adaptation strategy.

For successful adaptation actions several points have to be fulfilled:
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– The development must be carried out individual and site-specific based on detailed
local information.

– It is necessary to understand the complex nature of interacting climatic and non-
climatic drivers and their impacts on other fields of action.

– Taking into account close cooperation between research and practice there is
a need for an easier communication that present different approaches and their
consequences in a comprehensible, fast and clear way.

– Results, data and information must (be able to) be integrated into existing admin-
istrative processes, which applies not only to models, but also, for example, to
planning tools and requirements.

Factors that can help to prevent the slowdown of the process are (1) the clarifi-
cation of the responsibilities and the managerial authority, (2) the use of synergies
between different administrative process chains, (3) the combination of efforts from
different fields of action with respect to their impacts on the whole system, and
(4) the integration of information on climate change, mitigation and adaptation into
standards and regulations
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Chapter 6
COREDAR: A Coastal Climate Service
Framework on Sea-Level Rise Risk
Communication for Adaptation Policy
Planning

A. Saleem Khan, Robert S. Chen and Alex de Sherbinin

Abstract Accelerated sea-level rise (SLR) is a major long-term outcome of climate
change leading to increased inundation of low-lying areas and put global cities and
coastal communities at greater risk. Building capacities at the community level to
address the challenges of SLR is an important first step towards adaptation policy
planning and decision-making. Building capacity through risk communication is a
bottleneck challenge to translate complex climate science into policy and actions.
To meet these challenges, this paper has put forth the research question as what
information do the coastal stakeholders need and how does it need to be commu-
nicated in the context of SLR and to build capacities that favor for effective SLR
policy planning and decision-making at the local level. As a result, we have evolved
COREDAR (COmmunicating Risk of sea-level rise and Engaging stakeholDers in
framing community-based Adaptation strategies), a climate service capacity build-
ing framework that provides an important exploratory study, examining the SLR risk
communications and community-based adaptation, extending and clarifying certain
findings within the current SLR literature. The framework highlight the need to
consider the relevance of addressing SLR risk communication in a systemic and
holistic approach that integrates science, society, and policy in SLR research, whilst
at the same time pointing to some interesting directions for engaging local com-
munities in the decision-making process for framing adaptation strategies that are
community-centric. Importantly, this framework emphasizes the significance of cli-
mate communication strategies and use of climate information in policy planning
and decision-making as one of the potential climate services for SLR risk research.

Introduction

Climate change induced sea level rise (SLR) and associated phenomena such as raised
storm surge and coastal flooding from inland extreme rainfall (henceforth referred
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to as SLR) are among the greatest challenges that humanity will face in the 21st
century. Low-lying coastal plain regions are more vulnerable to the impact of SLR
(Khan 2013). Particularly, global cities that are located on or near the coasts are often
situated in low-lying areas and these locations put cities at greater risk from current
and projected climate hazards like SLR (Rosenzweig and Solecki 2001;De Sherbinin
et al. 2007; Moser and Snover 2012). According to United Nations, coastal flooding
affects 10 million people each year, a number expected to increase exponentially
due to climate change (UNDP 2007). IPCC (2013a) states that about 65% of the
world’s cities with populations of over 5 million are located in the LECZ (Low
Elevation Coastal Zone). The SLR is not uniform across regions; some communities
in places such as subsiding deltas are highly vulnerable (IPCC 2007a). In particular
for developing countries, urban poor communities will bear the brunt of its effects
since they live in informal settlements that are more exposed to hazards like SLR.

Therefore, building capacity for resilience and adapting to climate change threats
like SLR are increasingly high priorities for urban coastal cities. There has been
much focus on the potential of cities to contribute to mitigation, yet there is growing
recognition of the need for urban adaptation (Romero-Lankao and Dodman 2011;
Khan 2017). Cities can take a number of steps to help build the adaptive capacity
of the most vulnerable (World Bank 2011, 2017). A city can do the following (i)
communicating risk and raise awareness about the specific climate change impacts
like SLR on the most vulnerable; (ii) informing residents about technical adaptation
plans, policies, and actions that the city proposes to undertake to meet these threats
and ensure their well-being; (iii) inviting the involvement of citizens in the decision-
making process by soliciting their ideas and inputs (or) include vulnerable groups
in the adaptation planning and policy-making process; (iv) suggesting how actions
taken by individuals and groups can contribute toward the city’s resilience; and (v)
incorporate CBA into city plans (World Bank 2011).

Thus, the focus on adaptation is welcome, but many of the adaptation efforts have
adopted a top-down approach with little attention being paid to communities’ expe-
riences related to the SLR and other efforts to cope with their changing environment
(Reid et al. 2009). Importantly, most CBA has been undertaken in rural communities,
and to be effective in cities will have to accept a broader andmore complex definition
of “community” that is not solely based on geographical location, and will have to
engage in the more complex political economies characteristic of urban areas (Dod-
man andMitlin 2011; Archera et al. 2014). There are calls for increased participation
at the community scale (Polack 2008). This is particularly true for thoseworkingwith
urban poor communities since they largely shape the fabric of many urban spaces in
cities in developing countries, and are often highly vulnerable to the effects of climate
change, particularly because of their greater exposure to hazards and lower levels of
adaptive capacity (Dodman and Satterthwaite 2008; Carmin et al. 2011). At the same
time, these groups are given few opportunities to participate and influence policies.
Community-Based Adaptation (CBA) experiences emphasize that it is important to
understand a community’s unique perception of their adaptive capacities in order to
identify useful solutions and that scientific and technical information on anticipated
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coastal climate impacts needs to be translated into a suitable language and format
that allows people to be able to participate in adaptation planning (IPCC 2013a; Khan
2017).

However, themajor challenge for climate scientists is explaining to non-specialists
about the risks and uncertainties surrounding potential changes over the coming
years, decades and centuries. There are many guidelines for climate communica-
tion, there is little empirical evidence of their efficacy, whether for dispassionately
explaining the science or for persuading people to act in more sustainable ways (Pid-
geon and Fischhoff 2011). Importantly, climate communication faces new challenges
as assessments of climate-related changes confront uncertainty more explicitly and
adopt risk-based approaches to evaluating the impacts (Pidgeon and Fischhoff 2011).
Whereas, research in social and decision science has identified several key lessons
that are especially relevant to communicating climate science. First, identify climate
risks and convey the message to targeted people; second, understand climate risks
andmake people understand the extent of risks, which can be voluntary, controllable,
uncertain, irreversible or catastrophic (Slovic 2000); third, equip people with skills to
cope with the anticipated risk; and fourth, find suitable solutions to face or overcome
the risk (Khan et al. 2012).

Given its critical importance, public understanding of climate science deserves
the strongest possible communication science to convey the practical implications
of large, complex, uncertain physical, biological and social processes (Pidgeon and
Fischhoff 2011; Khan 2017). On the other hand, adaptation practitioners in both
developed (Gardner et al. 2010; Tribbia and Moser 2008) and developing nations
(Bryan et al. 2009; Deressa et al. 2009) continue to identify a deficit of information
as a significant adaptation constraint. This includes questioning assumptions regard-
ing the need for more accurate/precise information about future climates (Preston
et al. 2013), as well as the utility of vulnerability assessment methods and metrics
for informing adaptation decision-making (Barnett et al. 2008; Preston et al. 2011).
These critics suggest the ongoing expansion of adaptation science is occurring in
the absence of a robust understanding of how science can or should contribute to
successful adaptation (Preston et al. 2013). Importantly, the rationale behind this
book chapter is based on Article 6 and Article 11 (capacity building for climate
action on Paris Agreement) of the United Nations Framework Convention on Cli-
mate Change (UNFCCC 2011) that emphasizes the importance of climate change
communication and engaging stakeholders in the issue. It highlights the responsi-
bility of participating countries to develop and implement educational and public
awareness programmes on climate change and its effects to ensure public access
to information and to promote public participation in addressing the issue (Khan
et al. 2012). Thus, there is an urgent need for meaningful information and effec-
tive public processes at the local level to build awareness, capacity, and agency on
climate change, and support planning and decision-making (Sheppard et al. 2011).
In this context, the aim of this article is to evolve a capacity building framework
that responds to the call of the United Nations. The objective of this framework is
to make a platform to educate, inform and involve all stakeholders who have stake
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on SLR such as from the scientific community, academia, NGO, local communities,
policy-planners, decision makers and the public.

Need for a Coastal Climate Service Framework on Sea-Level
Rise Risk Communication for Adaptation Policy Planning
and Decision-Making

Climate services are an influential mechanism to build capacity by communicat-
ing the climate risks to different stakeholders in general and local communities in
particular by creating awareness about the changing climate and enhance their capac-
ity to respond to the challenges. Climate services may be defined as scientifically
based information and products that enhance users’ knowledge and understanding
about the impacts of climate on their decisions and actions (AMS 2012). In other
words, it is a decision aide derived from climate information that assists individuals
and organizations in society to make improved ex-ante decision-making. It requires
appropriate and iterative engagement to produce a timely advisory that end-users
can comprehend and which can aid their decision-making and enable early action
and preparedness (WMO 2013). SLR communication shares challenges with cli-
mate change communication, including the scope of the problem; the complexity of
the science; and developing policy-driven solutions (Covi and Kain 2015). Messages
about SLR risksmay fail to adequately inform audiences or persuade them to respond
to consequences (Harvatt et al. 2011) because of SLR informationmay be too general
for people to relate to; scientific and technical information is too specialized; and
messages are not sufficiently tested with representative audiences to gauge potential
reactions (Covi and Kain 2015). Given its critical importance, public understanding
of climate science (SLR) deserve the strongest possible communication science to
convey the practical implications of large, complex, uncertain physical, biological
and social processes (Pidgeon and Fischhoff, 2011). Risk communicators work to
bridge the gaps between the scientific and public understanding of risk and provide
a process to address the concerns of both (Covi 2014). Hence, there is a pressing
need for developing a framework that addresses and integrates SLR risk communica-
tion and urban CBA. However, “framework” is defined as “a set of ideas that provide
support” or “skeletal structure designed to support”, in this case for SLR risk commu-
nication and urban CBA. Framing theory and research seek to understand the ways in
which related sets of ideas of SLR and CBA in the public sphere are organized, pre-
sented and debated, and is increasingly being used to understand a range of problems
and issues (Miller 2010; Spence and Pidgeon 2010). A frame allows complex issues
to be pared down and for some aspects of that issue to be given greater emphasis
than others in order that particular audiences can rapidly identify why an issue may
be relevant to them (Nisbet and Mooney 2007; Spence and Pidgeon 2010). Frames
can also serve ideological and governance purposes, and as a consequence different
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social actors within the climate change policy domain (as within other fields) con-
stantly compete in order to present and legitimize their own interpretations of the
salient issues (Carvalho and Burgess 2005; Spence and Pidgeon 2010). Thus, there
is a need to evolve a conceptual framework to meet these requirements by generating
alternative, coherent, holistic climate change scenarios and visualizations at the local
scale, in collaboration with local stakeholders and scientists (Sheppard et al. 2011).
In this context, this article has put forth three research questions to evolve a frame-
work from the lens of SLR and urban CBA, (1) What information do stakeholders
and local communities need and how does it need to be communicated, in order to be
better prepared and have a greater sense of agency? and (2) What, if any, community
engagement in addressing SLR is occurring in urban areas?, How can government
agencies from city to federal levels facilitate community engagement and action in
adaptation decision-making? (Khan 2017).

Methodological Approach

Conceptual analysis has been adopted with a multidisciplinary perspective that
together synthesizes and assembles the theoretical framework to address the chal-
lenges SLR risk communication and CBA in the coastal urban areas. An extensive
literature on the multidimensional perspective of SLR risk has been reviewed. How-
ever, in this paper, we take the position and procedures of the IPCC as an intermediary
between science and policy as a given and do not discuss alternative ways of commu-
nicating scientific climate change research and associated uncertainties, ways that
may or may not be more effective (Swart et al. 2009). The document analysis method
was adopted to review the documents. Document analysis is a form of qualitative
research in which documents are interpreted by the researcher to give voice and
meaning around an assessment topic (Bowen 2009). In other words, documents as
a data source in qualitative research and document analysis involve obtaining data
and information from the existing documents, without having to question people
through interview, questionnaires or observe their behaviors (Glen 2009). In this
review, document analysis method was done to review the various documents and
recommendations of IPCC by following IPCCAssessment Report 5,Working Group
I Report on Climate Change 2013: The Physical Science Basis; Working Group II
Report on Climate Change 2014: Impacts, Adaptation and Vulnerability; Climate
Change 2014: Synthesis Report with an emphasize on SLR and CBA. In addition,
“Guidance Note for Lead Authors of the IPCC Fifth Assessment Report on Con-
sistent Treatment of Uncertainties” has been followed and present an approach for
the treatment of uncertainty and the communication of key findings of the AR5 and
together provide a more integrated framework for evaluating and communicating the
degree of certainty in the findings of the assessment process (Mastrandrea et al. 2010).
Based on the investigation of above-mentioned literatures, this study has underlined
6 questions (what, why, where, when, whom and how to communicate) as a guiding
principle to evolve a framework that addresses SLR risk communication and urban
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Fig. 6.1 Schematic representation of the guiding principle of COREDAR framework

CBA. A schematic representation of the rationale and the guiding principle of the
framework is outlined in Fig. 6.1.

COREDAR: A Coastal Climate Service Framework
on Sea-Level Rise Risk Communication for Adaptation
Policy Planning and Decision-Making

COREDAR is the framework for sea-level rise risk communication and urban
community-based adaptation for coastal cities. COREDAR is an acronym of the
framework and it stands for communicating the risk of sea-level rise and engaging
stakeholders in farming community-based adaptation strategies (Khan et al. 2015;
UNAI 2016). The aim of this framework is to build capacity to meet the challenges of
communicating complex SLR science in a simplistic way to diverse stakeholders and
to make a platform to build capacity for stakeholders to engage them in urban CBA
policy planning and decision-making process. It provides a template for a process to
integrate the different dimensions of SLR risk in systematic and stepwise approach
to evolve suitable urban CBA strategies. The framework presented here provides the
much-needed conceptual clarity and facilitates bridging the various approaches to
researching (Fussel and Klein 2006) SLR risk communication and urban CBA.

Architecture of the Framework

The framework provides a platform to integrate both top-down and bottom-up
approaches on SLR decision-making for framing effective CBA strategies by inte-
grating SLR “science, society and policy” paradigm that constructs the three com-
ponents of the architecture. This has been achieved by improved conceptualization
and integration of the multidisciplinary perspective of SLR in a systematic approach.
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First, it articulates the science behind SLR which includes geography and climate
of the coastal cities and SLR, documenting the past SLR trend, projecting future
SLR, predicting SLR impact and assessing vulnerabilities to SLR. Second, it iden-
tifies the communities that involve in SLR both as an exposure to SLR risk and
also influence in the decision-making process and it includes identifying vulnerable
communities to SLR, communicating SLR risk and involves them in the decision-
making process. Third, it caters policy dimension of SLR that includes identifying
and prioritizing urban CBA strategies to SLR and mainstreaming urban CBA strate-
gies with existing developmental strategies. The outline of the architecture of the
COREDAR framework is given in Fig. 6.2. The framework is intended to serve as a
“capacity building tool” to different stakeholders in the risk of SLR such as scientific
communities, researchers, academia, local communities, NGOs, the general pub-
lic, policy-planners, decision-makers and others who are interested to have insights
on communicating risk of SLR and to develop a robust picture of the CBA that is
grounded in pressing community priorities.

Fig. 6.2 The architecture of the COREDAR framework
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Fig. 6.3 An outline of the step-wise approach of the COREDAR framework

Stepwise Approach of the Framework

This framework is neither a technical document, nor a description of a singlemethod-
ology. Instead, it provides high-level insights on how to develop a robust picture of
systematic step-wise approach to addressing SLR communication and urban CBA,
by consultingwith both technical advisors and community stakeholders (World Bank
2011). This framework involves step by step approach (Fig. 6.3) and an outline of
each step approach is described below:

Step 1 Understanding the climate of the urban coastal city
Step 2 Documenting past observed sea-level trend
Step 3 Projecting future SLR
Step 4 Predicting SLR impact
Step 5 Identifying vulnerable communities and stakeholders
Step 6 Communicating SLR risk
Step 7 Framing urban CBA strategies to SLR
Step 8 Mainstreaming urban CBA strategies.

Step 1 Understanding the climate of the urban coastal city

The lack of comprehensive information on the climate of the coastal region results in
an insufficient understanding of the impact of changing climate on the coastal ecosys-
tems and also impedes the framing of suitable climate-based adaptation strategies
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and policies at the regional and local level (Khan et al. 2014). However, knowledge
on coastal vulnerability enables scientists and policymakers to anticipate impacts
that could emerge as a result of SLR and other effects of climate change. It can thus
help to prioritize management efforts that need to be undertaken to minimize risks
or to mitigate the possible consequences (Hinkel and Klein 2009). Thus, in order to
build the capacity of urban coastal cities to address SLR, it is essential to understand
the (a) nature of the urban coastal city (geographical location, total area, and total
population, etc.); (b) the administrative structure of the urban coastal city (governing
body of the city such as a municipality, corporation and other relevant department
that involves in city governance); and importantly (c) general climate pattern of
the coastal city (temperature, precipitation, wind speed, humidity, elevation from
mean-sea level, information on coastal disasters etc.).

Step 2 Documenting past observed sea-level trend

There are multiple processes that contribute to SLR, including changes in ocean
mass distribution and density; changes in the mass of glaciers, ice caps, and ice
sheets; water storage on land; vertical land movements; and gravitational, elastic,
and rotational effects resulting from ice mass loss. Historically, the majority of the
observed rise in global mean sea level has been attributed to thermal expansion.More
recently, the contribution of land-based ice loss to globalmean SLRhas begun to rival
that of thermal expansion (Church et al. 2011; Hortan et al. 2015). It is, therefore,
important to understand the magnitude of the past sea level change in the target
city, since local SLR is contingent on a number of factors. Past SLR is measured by
local tide gauges situated along continental coastlines and islands and by satellite
altimetry (Cazenave and Llovel 2010; Breaker and Ruzamaikin 2011). According to
the IPCC (2007b), the observation of twentieth-century sea level trend (for e.g. in
statistics, trend analysis often refers to techniques for extracting an underlying pattern
of behavior in a time series) is based on high-quality tide gauge records from stable
land regions. Tidal datum is used as a reference to measure local sea levels near the
tide gauge atwhich themeasurementswere collected. Tidal datum is based on average
stages of the tide, such as mean high water and mean low water (NOAA 2010a). A
global network of long-term tide gauges provides an instrumental record of sea level
over approximately the past 100 years (Donoghue 2011). Estimates of twentieth-
century SLR are primarily based on the historical tide gauge data maintained by the
Permanent Service forMean Sea Level (PSMSL) (Woodworth and Player 2003). The
PSMSL data are the source of all major work on long-term analysis and projection of
global sea level upon which the IPCC reports are based (Nandy and Banyopadhyay
2011).

Step 3 Projecting future SLR

Planning for adaptation strategies by coastalmanagers, policy-planners and decision-
makers requires a pragmatic approach. Thus, the first step for planning adaptation
policies is to project local level SLR using different scenarios because decision-
makers and technical personnel need to estimate SLR to evaluate their decisions in
light of alternative profiles (Hoffman 1983). For time scales relevant to anthropogenic



94 A. Saleem Khan et al.

warming, the rate of SLR is roughly proportional to the magnitude of the warming
and this relationship results in an increase in rise of projected SLR (Rahmstorf 2007).
Although in the short-term, projections of SLR can be made without using climate
models, for longer term projections climate models may be important. For long-
term projections, these climate models are needed to determine likely changes on
which to base adaptation planning. In order to make informed adaptive decisions, the
uncertainties associated with their output must be recognized and taken into account
(Foley 2010). To address the uncertainty associated with climate system dynamics
and greenhouse gas (GHG) emission, the IPCC has developed a range of alternative
futures (scenarios). For the Fifth Assessment Report of IPCC, the scientific commu-
nity has defined a set of four new scenarios, denoted as Representative Concentration
Pathways (RCPs). They are identified by their approximate total radiative forcing in
the year 2100. It includes four RCPs (RCP 2.6; RCP 4.5; RCP 6.0; RCP 8.5) and
represents a range of 21st century climate policies (IPCC 2013b). In spite of the
uncertainties, climate models play a major role in projecting SLR under different
scenarios and at different time slices (Foley 2010) and provide valuable information
for the robust decision-making in adaptation policy-planning.

Step 4 Predicting SLR impact

The specific impacts of SLR on each city will depend on place-based factors (World
Bank 2011), and will include, among other, increased flooding, inundation of low-
lying areas, shoreline retreat, salt-water intrusion, loss of land, livelihood, and wet-
lands. Coastal impact models can help determine the vulnerability of areas and pop-
ulations to changes in sea level. Model outputs may be used to guide decisions about
the location and design of future protected areas and development, and to prioritize
adaptation of existing protected area investments (Mc Leod et al. 2010). A number of
impact models are available to study the impact of SLR at the city level. For example,
SLR inundation models can be used to predict the area of inundation from rising sea
level. Inundationmodels incorporate various sea-level rise scenarios (Titus and Rich-
man 2001; Rowley et al. 2007) providing an approximation of coastal vulnerability
to SLR. Potentially inundated areas can be calculated (e.g., in a GIS) based on both
elevation and proximity to the shoreline. They can rely on digital elevation models
or topographic maps to identify potential impact zones, where these are identified as
those areas that lie below a given elevation contour (Titus and Richman 2001; Poulter
and Halpin 2008). Importantly, mapping on impact and vulnerability (SLR impact
maps or inundation maps) will provide valuable input to climate change adaptation
planning and implementation (NOAA 2010b). Thesemodels may be applied at local,
regional, or global scales and can address a range of objectives, including predicting
SLR impacts and raising awareness of these impacts (Mc Leod et al. 2010).

Step 5 Identifying vulnerable communities and stakeholders

The SLR will have significant impacts on coastal megacities, because of the concen-
tration of the populations in hazardous areas (Nicholls 2004; IPCC 2007b; Adelekan
2009). The urban poor face a worsening situation as the effects of climate change,
including floods arising from the increasing frequency of storm surges, and heavy
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rainfall of long duration or high intensity become more severe. Although the risks
faced by urban populations to climate change impacts, especially in developing soci-
eties have been acknowledged in various regional assessments, their vulnerability
cannot be reliably estimated without detailed knowledge of local contexts since vul-
nerabilities are so specific to each location and societal context (Adelekan 2009).
Identifying vulnerable communities in relation to coastal flood risk are one of the
most important prerequisites to plan for city adaptation strategies to rising sea-level.
Identifying stakeholders such as representatives of local communities, city govern-
ments, NGOs, the general public and others is an important first step. Stakeholder
analysis is one such technique frequently used to identify and investigate any group
or individuals who are or who will be affected by a change to better understand
whether they are equipped to deal with it. It is a process of systematically gathering
and analyzing qualitative information to determine interests that should be taken into
account when developing and implementing a policy or programme. Thus, identify-
ing communities that are more vulnerable to SLR and prioritizing stakeholders can
inform adaptation response planning for SLR and help to develop communication
strategies to engage community members in the climate adaptation planning process
(Grifman et al. 2013). However, in conjunction with the assessment approaches out-
lined cities may find it beneficial to pursue a participatory process of prioritization
that integrates both top-down and bottom-up, community-based perspectives (World
Bank 2011).

Step 6 Communicating SLR risk

Effective risk communication requires more than conveying accurate information
(Fischhoff 1995) it should raise awareness, increase understanding, and move audi-
ences to action. It involves understanding the perceptions, issues, and attitudes of
at-risk populations so that personal or community decisions can be made based
on the best available information about risks (Leiss 1996; Covi and Kain 2015).
Importantly, communicating environmental risks—especially the unfamiliar, non-
voluntary, scientifically complex, and politically controversial—may be one of the
most difficult tasks scientists, city planners, managers, and policy-makers face in
dealing with adaptation to climate change and SLR. However, many scientists rec-
ognize the importance of communicating scientific findings to citizens to help them
become aware of the urgent need to act and to enable them to carry out anticipatory
actions. Nevertheless, this is one of the most difficult and sensitive objectives of SLR
communication and education (Khan 2013). To be effective in presenting information
and moving audiences to action, communication about SLR risk must use appropri-
ate framing, compelling visuals, and accessible language, preferably tailored to the
audience for the information (Covi and Kain 2015). Two step-wise interventions
could be made to communicate SLR risk to concerned stakeholder through a partic-
ipatory approach: (1) Convey information: one-way transmission of information to
provide basic understanding of SLR science and its impacts on the study area to the
concerned stakeholders, providing data on the local SLR (impact and vulnerability
assessment and build awareness of their present and future state of exposure). (2)
Build understanding: a two-way transmission of information that aims to facilitate
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opportunities for stakeholders to develop their own methods to understand the con-
cept of SLR. It includes citizen science program, cooperative learning workshops,
etc. (Khan et al. 2012). As a result, improving public awareness and developing
overall communication strategies to make climate change science accessible to the
average citizen in away that could induce action that would reduce their vulnerability
(UNFCCC 2007). Thus, these interventions will enhance the capacities of various
stakeholders in the community and improve sustainability at the local level.

Step 7 Framing urban CBA to SLR

CBA explicitly addresses, the needs of marginalized groups that are the most vulner-
able to the types of climatic and socioeconomic changes likely under perturbed cli-
mates (Baas andRamasamy 2008) like SLR. CBAdraws on participatory approaches
and innovative participatory methods to help communities analyze the causes and
effects of climate change, to integrate scientific and community knowledge of climate
change, and to plan adaptationmeasures (Reid et al. 2009). Building on existing com-
munity capacity, knowledge and practices used to cope with climate hazards (Huq
2008), appropriate adaptation options can be identified. Through an understanding
of how people might cope and adapt to predicted climate-change effects, meaningful
measures can be taken to reduce their vulnerability. Importantly, localized patterns
of the vulnerability of communities and demographic groups highlight the need to
channel adaptation responses through the spatial planning system. It is also vital that
communities are made aware of these issues and engaged at the point of developing
community-based bottom-up adaptation responses (Adger et al. 2009; Carter et al.
2015). Thus, communicating and engaging stakeholders at the different levels plays
a vital role in planning and designing appropriate adaptation strategies to SLR at the
local level of the given coastal region such as urban coastal cities.

Step 8 Mainstreaming urban CBA strategies

To reduce vulnerability and to enhance resilience to projected scenarios of SLR
it is important to mainstream adaptation through a coastal management and urban
planning. Mainstreaming means integrating climate concerns (SLR) and adapta-
tion responses into relevant policies, plans, programs and projects at the national,
sub-national and local scales. It is to advocate strongly for climate change (SLR)
adaptation and for bundles of adaptation measures to address priority issues within
the scope of development goals (USAID 2009). However, Integrated Coastal Zone
Management (ICZM) has been identified and highlighted by the IPCC and also by
the UNFCCC as the most important vehicle for adapting to climate change while at
the same time improving the present situation in the coastal areas (Bijlsma 1997).
SLR and climate change will not occur in a vacuum, and these responses need to
be placed within an ICZM framework (Bijlsma et al. 1995) and also understand-
ing climate change (SLR) in the coastal zone is a fundamental component to ICZM
particularly through the lens of urban coastal cities. Thus, in terms of responding to
climate change (SLR), ICZM can be seen as an essential institutional mechanism that
can deal with all competing pressures on the coast, including short, medium and long-
term issues (Kavikumar 2005). It is essential to note that SLR adaptation presents a
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fundamental challenge tomanaging coastal resources and communities, and it should
be mainstreamed into coastal management and development of coastal cities at all
levels. Hence, city governments should, therefore, do more to prepare for ongoing
and future climate changes focusing on actions that are no regrets, multi-sectoral and
multi-level, and that improve the management of risks to SLR.

Limitations and Scope

This paper has outlined only the rationale, guiding principle and the architecture of
the COREDAR framework. Though, the framework address urban, coastal commu-
nities and urban CBA, nevertheless the framework is also applicable to rural coastal
communities and rural CBA as long as it is a low-lying coastal region that is vul-
nerable to changing climate and rising sea levels. The major applications of this
framework is (1) to build capacity of local communities and various stakeholders to
understand and address sea-level rise; (2) tomake a suitable decision at the local level
by the policy planners and decision-makers to rising sea-levels. However, the frame-
work has laid the foundation to develop COREDAR tool. It is a SLR science-policy
communication tool that gathers holistic information on SLR risk communication
and urban CBA in a systematic step-wise approach. It has been designed in the form
“checklist” (a comprehensive list of important or relevant information and steps to
be taken in a specific order) in a “check sheet” (a simple data recording sheet, custom
designed to enable a user to readily interpret the results of an activity or process)
(Khan 2017). Furthermore, this tool has been tested with New York City as a case
study; however, the description of the case study does not fit into the scope of this
paper. Importantly, the framework also opened promising opportunities to develop it
as a web-based tool and a mobile application. It is important to provide an avenue to
engage citizen participation and citizen action within social networks to understand,
learn from and develop local adaptation strategies (Lenhart 2009). In this context, the
innovative scope of this framework through the lens of climate services is to develop
a “Mobile App” which is primarily a “Climate Service App” (viz., COREDARApp)
for communicating the risk of climate change and sea-level rise risk for vulnerable
coastal communities and to build capacity at the local level. The app will provide
a customized template to record local level sea-level observation and planning. In
addition, the app will provide additional local climate information and case studies.

Conclusion

SLR represents one of the primary shifts in urban climate change risks, given the
increasing concentration of urban populations in coastal locations and within low-
elevation zones (McGranahan et al. 2007). Large coastal cities are particularly at
risk from rising sea levels, storms and storm surges and other aspects of climate
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change. Indeed, the region’s densely populated deltas and other low-lying coastal
urban areas are identified in the IPCC as “key societal hotspots of coastal vulner-
ability” with many millions of people potentially affected (START 2009). Thus,
climate change, particularly, with its consequent SLR, will have substantial impacts
on the vulnerability of coastal communities to flooding (YeWu et al. 2002). However,
cities are often the first responders to climate impacts. Because cities are dynamic
systems that face unique climate impacts, their adaptation must be location specific
and tailored to local circumstances. The starting point in managing risks and building
long-term resilience is for a city to understand its exposure and sensitivity to a given
set of impacts, and develop responsive policies and investments that address these
vulnerabilities (World Bank 2011).

Capacity building is a key issue for climate adaptation measures in urban areas
(Hartmann and Spit 2014). It is one of the most urgent requirements for address-
ing climate risk, particularly at the local level (IFRC 2009). Therefore, either to
enhance the strengths or to develop skills and infrastructure, cities can build their
capacity to adapt effectively through both formal planning and informal preparation
to existing and future climate impacts while also experimenting and innovating in
policy-making and planning (World Bank 2011). Thus, there is a strong need to equip
the planning mechanisms in urban areas to withstand, adapt, and become resilient
to climate change impacts (APN 2014). However, one fundamental condition for
adaptation planning in urban contexts appears to be the availability of a good plan-
ning capacity, including the knowledge and participation base needed for informing
decision making for the urban future (Johnson and Breil 2012). Thus, the ability to
act collectively to develop and implement adaptation responses based on a sound
knowledge of climate science, an intervention of policies and the role of societies
are prime factors in building adaptive capacity. Partnerships of local authorities and
other stakeholders have also been identified as important drivers for adaptive actions
in cities around the world (Wilson 2006; Bulkeley et al. 2011). Importantly, the prac-
titioners and various stakeholders in the urban space not only need an understanding
of climate science but also the linkages to climate impacts to city systems, such
that this information could be logically applied to decision-making processes and
could be inbuilt into the development paradigm (APN 2014). Communicating risk of
SLR and engaging stakeholders in framing CBA is one such an attempt of capacity
building. However, risk communication is now amajor bottleneck preventing science
from playing an appropriate role in climate policy (Sterman 2011).

To meet these requirements and challenges this chapter (1) Developed a frame-
work: The study has developed a conceptual framework COREDAR for SLR risk
based on the past SLR trend, future SLR projection, predicted impacts, identify-
ing vulnerable communities, farming CBA strategies and mainstreaming adapta-
tion strategies from the context of urban coastal cities that synthesizes a variety
of approaches; (2) Framework for SLR risk communication: This framework pro-
vides an important first exploratory study examining the SLR risk communications
and urban CBA, extending and clarifying certain findings within the current SLR
literature. We highlight the need to consider the relevance of addressing SLR risk
communication in a systemic and holistic approach that integrates “science-society
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and policy” in SLR research; (3) Framework for SLR adaptation policy planning
and decision making: The framework is also pointing out some interesting directions
for engaging local communities in the decision-making process for framing urban
CBA strategies. Importantly, it emphasizes that adaptation in urban areas depends
on the competence and capacity of local governments and a locally rooted iterative
process of learning about changing risks and opportunities, identifying and evaluat-
ing options, making decisions, and revising strategies in collaboration with a range
of actors (Revi and Satterthwaite 2014). This conceptual framework, with different
key elements and general components of each, provides a way to think differently
about the urban CBA in cities to SLR. By assembling and describing these concep-
tual features of urban CBA in cities to SLR, we provide a framework that can guide
all stakeholders from policy-planners, decision-makers, scientists, researchers, local
communities and the general public. However, the future prospects of this frame-
work opens window of promising opportunities to evolve as a tool and also develop
the tool in a user friendly web and mobile application. The framework also requires
testing and refinement (Moser and Ekstrom 2010) with case studies before it aid
for decision-making and scaling up. Nevertheless, the framework could be used as
a foundation to systematically gather information on different perspectives of SLR
and holistically synergies for effective decision-making such as framing urban CBA
to SLR.
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Chapter 7
What Do Users Expect from Climate
Adaptation Services? Developing
an Information Platform Based on User
Surveys

Esther Hoffmann, Johannes Rupp and Kirsten Sander

Abstract Wepresent the preparatory research for theGermanClimate Preparedness
Portal (KLiVO—www.klivoportal.de)—a meta-portal of climate adaptation and cli-
mate information services initiated by theGermanGovernment. Ourwork focuses on
user needs and expectations and we followed the four-step user integration process
suggested by Swart et al. (2017), but added a fifth step, which involves continuing the
exchange with users after implementation of the KLiVO Portal through developing a
user-provider network. To analyze user needs we conducted two online surveys with
a total of 972 participants and 55 qualitative interviews. The overarching research
questions for our analysis were: What kind of adaptation services do users need?
What are current deficits in addressing user needs? How can authoritative climate
adaptation services be selected and presented on the KLiVO Portal? Even though
82% of the respondents deal with climate adaptation in their work, only a third were
aware of the adaptation services presented and only one in ten had actually used
them. Respondents reported that the services are difficult to find, not sufficiently
specific, and of indeterminate quality. Demand, however, is high: half of the respon-
dents reported a need for such adaptation services for assessing risks and for planning,
assessing, and implementing adaptationmeasures.Weused the results of our research
to develop the KLiVO Portal and draw conclusions for climate adaptation services
andmeta-platforms in general: The landscape of climate adaptation services needs to
be restructured; quality assurance would ensure reliability; communication between
users and providers must be improved and must continue when services are on the
market.We suggest further research on continuous user integration and an evaluation
of climate adaptation services regarding their effectiveness.
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Introduction

Preparing for and adapting to the unavoidable impacts of climate change, including
the avoidance or minimization of loss and damages and consideration of potential
opportunities arising from a changing climate requires knowledge, experience, and
action at all levels of government and society and in all sectors and geographical
regions. In order to steer the national policy process on climate adaptation, the Ger-
man government adopted, in 2008, the German Strategy for Adaptation to Climate
Change (see The Federal Government 2008; Stecker et al. 2012; Vetter et al. 2017).
Even though its focus is on strategies at the national level, it is intended to enable
other responsible regional and local authorities as well as non-governmental actors
(NGOs) to likewise engage in adaptation activities (The Federal Government 2008).

During the last years, national and regional authorities have been engaged in plan-
ning and implementing adaptation strategies andmeasures. Thereby, they have devel-
oped and improved methods and generated results. Scientists, administrative author-
ities, and other organizations have then used this experience to develop knowledge-
and experience-based products, tools and services, such as guidelines, checklists,
web tools, best-practices databases, handbooks, maps, trainings, consultancies, and
networks. We refer to all of these collectively as climate adaptation services—the
products and services that support the various institutional actors and stakeholders
in their decision-making, planning, and acting with respect to the impacts of climate
change. The users of these services may be administrative individuals or organiza-
tions at the national, regional or local level, or from the private sector, NGOs, and
even private citizens.

In recent years, many adaptation services have been developed, both in Germany
and in other countries. However, there is a mismatch between users’ needs and
provided services (e.g. Capela Lourenço et al. 2016). Integrating users in the devel-
opment of adaptation services is considered as a fruitful approach to increase the
usability of services and to improve the consistency with user needs (e.g. Palutikof
et al. 2019b). Moreover, little is known about services’ effectiveness and benefits
(Vaughan and Dessai 2014), and knowledge on usage and uptake is limited. In addi-
tion, the landscape of services is fragmented (e.g. BBSR 2016) and quality assurance
is needed to help users to find authoritative climate adaptation services (e.g. Webb
et al. 2019).

The German Federal Government hence decided to support research on user
needs for adaptation services and to implement an ongoing, quality-assured ser-
vice platform for climate information services and climate adaptation services (Bun-
desregierung 2015).1 At the behest of the Federal Government, the German Federal
Environment Agency, together with a scientific project team, conducted background

1The interministerial working group Adaptation Strategy is the steering committee; implementation
is being led by the German Federal Environment Agency (Umweltbundesamt, UBA), which is in
charge of coordinating the presentation of climate adaptation services, and the German National
Meteorological Service (Deutscher Wetterdienst, DWD), which is responsible for the presentation
of climate information services.
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research and conceptualized this general service. The concept later on evolved into
the German Climate Preparedness Portal (Klimavorsorgeportal or KLiVO, www.
klivoportal.de) that was brought online in September 2018. KLiVO covers a broad
range of services and connects data-driven climate science with context-dependent
tools for adaptation action.

In the following, we will present the analyses on user needs for climate adaptation
services and present how insights from these analyses were considered during the
preparation of theKLiVOPortal. The overarching research questions for our analysis
were: What kind of adaptation services do users need? What are current deficits in
addressing user needs? How can authoritative climate adaptation services be selected
and presented on the KLiVO Portal?

In order to bring these services into usage and effectively support adaptation, the
platform implied a broader approach to the interplay between supply and demand
going beyond a solely online-based approach. Thus, in our research,we also looked at
how to intensify and promote the greater exchange of information between users and
providers of climate adaptation services, and analyzed which kinds of tasks would
be dedicated to such a user-provider interface, later referred to as the KlimAdapt
user-provider network.

Climate Adaptation Services

Adaptation to climate change is not a singular activity, but rather a continuous pro-
cess—anongoing policy cycle—of understanding and describing the changes that are
occurring; analyzing and assessing their impacts and risks; developing, comparing
and selecting adaptation options; planning and implementing adaptation measures;
and monitoring and evaluating the effectiveness of such measures and strategies (see
Fig. 7.1 and BBSR 2016; Kind et al. 2015; Vetter et al. 2017).

Within the adaptation process, climate adaptation services help to identify and
assess climate impacts; to select, plan and implement adaptation measures; and to
assess their effectiveness. Adaptation services are complemented by climate infor-
mation services, which comprise meteorological and climatological data as well as
climate projections. Regarding the adaptation policy cycle (see Fig. 7.1), climate
adaptation services support Phases 1–4 and climate information services support
Phase 0.

Our understanding of climate adaptation services is derived from the term cli-
mate services, the use of which, however, varies in its interpretation and framing
as well as in its extent and depth (Capela Lourenço et al. 2016; EEA 2015). For
example, the World Meteorological Organization’s Global Framework for Climate
Services states that climate services consist in “providing climate information in a
way that assists decision making” (WMO 2014, p. 2). The European Commission’s
Research and Innovation Roadmap for Climate Services includes under the term
“customized products such as projections, forecasts, information, trends, economic

http://www.klivoportal.de
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Phase 0: Climate change
Understand and describe 

climate change

Phase 1: Vulnerability
Analyze and assess climate 

impacts and risks

Phase 2: Development
Develop and compare 
adapta on measures

Phase 3: 
Implementa on
Plan and implement 
adapta on measures

Phase 4: Monitoring & 
evalua on

Evaluate and assess 
implemented measures

Fig. 7.1 Policy cycle for climate adaptation (adopted and translated from BBSR 2016: p. 23; Kind
et al. 2015: pp. 26f.)

analysis, assessments (including technology assessment), counselling on best prac-
tices or development and evaluation of solutions” transformed from climate-related
data and other relevant information (European Commission 2015, p. 10).

The term climate adaptation services was introduced by Goosen et al. (2014) as
“an information service supporting the assessment of vulnerability in a wider per-
spective and includes the design and appraisal of adaptation strategies” (Goosen et al.
2014, p. 1036). The European Environment Agency (EEA) differentiates between
climate services and climate adaptation services, noting that the latter “provide a
broader set of services to support adaptation, including vulnerability and risk assess-
ments of regions and sectors, adaptation strategies, adaptation options, case stud-
ies’ planning tools, policy frameworks and processes” (EEA 2015, p. 14). Based on
these definitions, we define climate adaptation services as products and services that
support the various institutional actors and stakeholders in their decision-making,
planning, and acting with respect to the impacts of climate change.

Literature Review: Awareness and Use of Climate Services

Several studies have analyzed the awareness, use, usefulness, and uptake of climate
services in general, including the factors hampering their broader application, and/or
offered recommendations on how to improve these services. Most of the studies
regarding the use of climate services do not distinguish between climate information
services and climate adaptation services; for exceptions see Goosen et al. (2014) or
Webb et al. (2019), who focus on climate adaptation services.



7 What Do Users Expect from Climate Adaptation Services? … 109

Studies on awareness, use, and usefulness of climate services mostly focus on
single or a few selected climate services (e.g. Clar and Steurer 2018; Mees et al.
2018). In a study among Dutch municipalities, Mees et al. (2018) found that only
half of the municipalities were aware of the communicative tool under study—the
online platform Spatial Adaptation Knowledge Portal—and only a quarter had used
it. Porter et al. (2015) on the contrary, found that most British local authorities are
familiar with official scientific sources of climate information—the study’s focus,
however, is not on climate services but on climate information. Other authors also
stated that the use of climate services is not widespread (e.g. Terrado et al. 2018)
or that the potential market is untapped (Street 2016). According to Vaughan and
Dessai (2014), little is known about the effectiveness of climate services, as there
has been little evaluation of their performance.

Several studies identify a mismatch between users’ needs and provided services
(e.g.Clar andSteurer 2018;CapelaLourenço et al. 2016;Hammill et al. 2013).Capela
Lourenço et al. (2016) were critical that many climate services have been developed
with too little attention to users and their specific terminology, needs, and conditions:
“climate services need to move from science-driven and user-informed to demand-
driven and science-informed practices” (Capela Lourenço et al. 2016, p. 14). An
understanding of the users of these services varies among studies; Swart et al. (2017),
for example, looked at climate scientists, impact researchers and boundary workers,
whereas Houtkamp et al. (2016) characterize users as those actually using such tools
or adaptation services and looking for support in their activities—a definition more
closely in line with our own understanding of users.

The literature describes further weaknesses of climate services. Goosen et al.
(2014), for instance, found that most climate services only address the first phase
of the adaptation policy cycle (vulnerability). Webb et al. (2019) noted critically
that adaptation services often support only one phase of the adaptation policy cycle
without positioning it in the broader process. Brasseur and Gallardo (2016) explain
the limited use of climate services through users’ insufficient awareness of their
vulnerability, a lack of relevant services, an unsuitable format of the information, and
an inappropriate business model for climate services. Questions of trust in science
or in the developers of these tools can also be a barrier to applying climate services
(e.g. Golding et al. 2017).

Going further, the landscape of climate services is described as fragmented—
users have difficulty finding their way through the multitude of available climate
services and identifying appropriate and reliable services suitable to their situation
(BBSR 2016; Cortekar et al. 2014; Hammill et al. 2013; Hauge et al. 2017; Webb
et al. 2019). Several authors stress that quality assurance is important to increase
transparency and to help users find authoritative climate services (e.g. Máñez et al.
2014; Webb et al. 2019).

Quality and selection criteria for a platform presenting climate services would
help to identify and maintain relevant content and ensure reliability to the user (EEA
2015). General criteria important for the knowledge transfer between science and
practice and the uptake and usage of knowledge are salience (the relevance of knowl-
edge for an actors’ decision-making), credibility (perception whether information
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meets scientific standards) and legitimacy (perception of fair and unbiased knowl-
edge production) (Cash et al. 2003). For climate adaptation services and platforms
different authors have developed specific quality criteria. Cortekar et al. (2014) dif-
ferentiate between first-level quality criteria, which characterize the service itself
and second-level criteria, which assess the provision of the service. The European
Adaptation PlatformClimate-ADAPT has implemented a quality-control process for
all presented content. The quality criteria allow for an assessment of whether and
where content can be included. Webb and Beh (2013) have assessed 300 adaptation
tools regarding their functional coverage features, user-oriented features, and good
adaptation principles. For each of these features there is a set of criteria for clas-
sifying the tools. Such criteria help to structure, assess, and compare services in a
transparent way. When defining quality criteria for climate adaptation services and
overarching portals it is, however, important to identify users’ own quality criteria
in order to make information more salient and legitimate.

Notwithstanding the various studies that have been conducted, knowledge on the
actual use of climate services is still limited. Moreover, insights into the varied needs
of the differing user groups (with respect to their particular institutional roles, areas
of action, and experience) are scarce, and to make matters worse, several studies on
user needs involve representatives of users, knowledge brokers, or researchers rather
than actual users.We aim at closing these gaps by conducting a broad user survey and
completing interviews with a variety of end users—looking into their specific needs
and expectations towards climate adaptation services and the quality of services.

Literature Review: Involving Users in the Development
of Climate Services

Literature on climate services stresses the importance of involving users in the devel-
opment process in order to increase the usability of climate services (Brasseur and
Gallardo 2016; Cortekar et al. 2016; Clar and Steurer 2018; Goosen et al. 2014; Haße
and Kind 2019; Hewitt et al. 2017; Monfray and Bley 2016; Palutikof et al. 2019b;
Street 2016; Swart et al. 2017). User involvement can also help to increase the accep-
tance and legitimacy of climate services (Cortekar et al. 2016; Vaughan and Dessai
2014). However, when analyzing products and tools on adaptation for urban and
regional development in Germany, the Federal Institute on Building, Urban Affairs
and Spatial Development (BBSR 2016) found that in most cases tools are driven and
developed solely by scientific institutes with little involvement of prospective users.

Swart et al. (2017) suggest that the user-engagement process consists of the
following steps:

– Mapping experiences from other projects
– Identifying and prioritizing user categories
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– Surveying user requirements
– Engaging user panels in testing subsequent portal versions

These are important tasks for user engagement and we will follow this approach
in the development of the KLiVO Portal.

Examples of user integration in the development of climate services usually com-
bine interviews or surveys with workshops or usability tests (e.g. Swart et al. 2017;
Webb et al. 2019), or test cases after introducing a service (Palutikof et al. 2019a).
Different authors suggest setting up communities of practice or knowledge brokering
(Mees et al. 2018; Webb et al. 2019). In communities of practice, practitioners and
tool developers should exchange ideas and discuss steps forward (Mees et al. 2018);
such exchanges help to build trust in the community and demonstrate the credibility
and quality of services (Street 2016).

Representative and systematic evaluations of climate services in use are rare and
mostly limited to web statistics (Palutikof et al. 2019b; Swart et al. 2017). Since
user needs and the landscape of climate services are changing, climate services,
however, need to be evaluated and updated in regular intervals (Haße and Kind
2019).Moreover, user interaction often stopswith completion of development, rather
than being carried forward in a continuous co-creative process that also includes
ongoing use and further development of the services. This is partly explained by the
fragmented development of climate services and a lack of continuous support that
hampers learning and improvement processes (Webb et al. 2019).

The literature shows that interaction with users often stops with the publication of
available climate services. Our approach is oriented on the four-step user engagement
process suggested by Swart et al. (2017), but we add a fifth step: we recognize the
ongoing need for users to be involved in developing, implementing, evaluating, and
further-developing climate services and a comprehensive platform.

Methodologic Approach for Identifying User Needs
for Climate Adaptation Services

In accordance with the user-engagement process proposed by Swart et al. (2017), we
began with a broad literature review and an analysis of existing portals and networks.
We then mapped the user landscape, identified potential user groups for the KLiVO
Portal, and set priority target groups. We emphasized addressing all of the action
fields included in the German Adaptation Strategy as well as a broad range of actors,
from government administrators at various levels as well as NGOs and business
representatives.

Based on this user mapping, we conducted two online surveys and 55 interviews
with potential users (in 2016 and 2018). The aim was to discern both user needs and
current user behavior regarding existing climate adaptation services. Both surveys
and interviewswere anonymous. The online surveys each took roughly 15min for the
participant to complete and were online for one month. The interviews took around
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45–90 min and were conducted by telephone. We chose this combined approach due
to different strengths of the two formats.While the online surveys allowed us to reach
a large group of respondents the interviews offered the possibility to discuss complex
issues and to have a dialogue on the development of climate adaptation services and
the KLiVO Portal between the interviewer and the interviewee.

Based on the results of the first survey we started to develop the concept for the
KLiVO Portal and finalized it based on the results of the second survey. In the second
survey, we roughly used the same questionnaire but sharpened a few questions to get
further details on user needs. The survey and interview partners in 2016 addressed
climate adaptation services and users from those action fields in theGermanAdaption
Strategy that facemajor challenges fromclimate impacts—as identified inGermany’s
Vulnerability Study (Adelphi et al. 2015) and the progress report of the Federal Gov-
ernment (Bundesregierung 2015). These comprise the following sectors or so-called
action fields:Water regime and water management, Energy industry and Transport,
transport infrastructure (these twowere combined in the survey), andHuman health,
as well as the cross-sectional topic Spatial, regional and physical development plan-
ning and civil protection. In the second survey and interviews in 2018, we covered
further action fields from the German Adaptation Strategy, namely: Agriculture, Bio-
logical diversity, Forestry and forest management, Soil, Financial services industry,
Trade and industry, and Tourism industry. Both surveys hence addressed different
respondents. We will present the combined results for both surveys because we were
interested in the overall results and the results per action field. We used the overall
results to plan the KLiVO Portal and we will use the action field-specific results
for developing ideas on how to improve existing field-specific climate adaptation
services.

The Federal Environment Agency disseminated information about how to partic-
ipate in the two surveys via two mailings based on a total of almost 7,000 (mainly
personal) address listings. In addition, the Federal Environment Agency sent an invi-
tation to more than 800 so-called multipliers, including 63 newsletters and web por-
tals. The 2016 survey reached 495 participants and the 2018 survey 477 participants,
resulting in 972 completed questionnaires.

In selecting interview partners, we looked for individuals from all action fields
and categories of institutional actors having a good base of knowledge and extensive
experience with climate adaptation and who were involved in making decisions
regarding planning and implementing climate adaptation measures on the regional
and local level.

The questionnaires in the two surveys and the interview guidelines had approx-
imately the same structure. The online surveys comprised mainly closed questions,
with single or multiple-answer options, and in part options for additional contribu-
tions. In contrast, we kept the interview questions open-ended in order to get more
substantial feedback.

In all cases, in order to have a better understanding of the users, their needs and
the effectiveness of climate adaption services (cp. i.a. Capela Lourenço et al. 2016;
Vaughan and Dessai 2014), the following aspects were queried:
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– Background of the participant or interview partner
– Current and future adaptation activities, according to the phases of the adaptation
policy cycle

– Awareness and use of cross-sectoral and sector-specific climate adaptation ser-
vices (see Table 7.1 for an overview of analyzed cross-sectoral climate adaptation
services)

– Preferred types of climate adaptation services
– Need for information and data on action field-specific topics that climate adaption
services should address in the future

We specifically emphasized the question of which additional climate adaptation
services users were in need of. We asked about which tasks users needed support
with, addressing the various phases of the adaptation policy cycle (see Fig. 7.1). We
subdivided the second phase into two sub-phases, because we assumed that different
kinds of support are needed. Thus, we asked about additional support with respect
to the tasks listed in Fig. 7.2 and provided examples of such information in brackets.

In the interviews, we additionally asked about the participants’ own standards
for quality when searching for climate adaptation services, and their expectations
with regards to a web portal. We also asked about major barriers to planning and
implementing adaptation measures and the kind support needed to overcome these.
This information will help us to improve future services. Finally, the interviews
gathered feedback and ideas on the user-provider interface.

In parallel to the online surveys and interviews with users, we conducted a review
to take stock of current climate adaptation services in Germany. Our focus was on
services provided by federal and state authorities and these were addressedwith three
surveys in 2016 and 2018. The Federal Environment Agency sent out the surveys
and we received reports on a total of 93 services from 11 federal authorities and
13 state authorities. The authorities were asked to characterize the services they
offered, specifically their objectives and focus with regard to action fields, phases
of the adaptation policy cycle, climate impacts, actor categories, and service types.
Furthermore, we askedwhether the services are regularly updated, whether theywere
based on scientific research, whether their users were involved in their development,
and whether they provided best-practice examples. With this information, we hoped
to get a better picture of the degree of match or mismatch between user needs and
the services provided.

Based on the identified user needs (see next section), we developed a concept for
the KLiVO Portal. Potential users discussed the concept in a user-provider workshop
and their feedback was carefully considered when revising the concept. During the
implementation phase, usability tests were conducted and the resulting feedback
from about 20 users was used to improve and fine-tune the portal. Figure 7.3 gives
an overview of our approach.
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Phase 1: Analyzing and 
assessing climate impacts 

and risks (e.g. improved data, 
maps, model chains)

Phase 2a: Iden fying and 
developing adapta on 

measures (e.g. informa on 
on best prac ce examples)

Phase 2b: Comparing and 
priori zing adapta on 

measures (e.g. informa on 
on cost-benefit analyses, 
iden fica on of no-regret 

and win-win measures, 
synergies and conflicts with 
mi ga on of climate change 
or adapta on in other ac on 

fields)

Phase 3: Planning and 
implemen ng adapta on 

measures (e.g. informa on 
on communica on to 

improve the acceptance of 
adapta on measures, legal 

framework, funding 
programs)

Phase 4: Evalua ng and 
assessing implemented 

adapta on measures and 
processes (e.g. monitoring of 

environmental changes)

Fig. 7.2 Overview of adaptation tasks (and corresponding information)

Fig. 7.3 Overview of approach to assess user needs and review of adaptation services

Results: Identified User Needs for Climate Adaptation
Services

In the following subsections, we will present the results of our online surveys and
interviews, regarding users’ backgrounds, their current awareness and use of climate
adaptation services, their needs for additional services, requirements for adaptation
services and a web-portal, perceived barriers and their expectations regarding the
exchange between users and providers.
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Background of Potential Users

A total of 972 individuals participated in the two online surveys. Figure 7.4 shows
that the participants came from various action fields. Most were from the action
fieldsWater regime and water management, Spatial, regional and physical develop-
ment planning and civil protection, andHuman health. The fields Financial services
industry, Tourism industry, and Soil are significantly less represented in the surveys.
About half of the participants work administratively at various levels (especially in
municipalities and at the state level), somewhat less than a quarter are in the private
sector, and 16% were in research, consultancy, and education (see Fig. 7.5). About
one tenth work in NGOs, are private persons or work in other organizations. The
participant structure closely reflects the target group structure of the KLiVO Portal,
which is mainly intended for individuals in the areas of government administration
and business.

Eighty-two percent of the participants had already dealt with adaptation issues
in their work. Looking at the adaptation policy cycle (see Fig. 7.1), the majority of
these experienced respondents have analyzed and assessed climate impacts and risks
(Phase 1; see Fig. 7.6). About one third have also developed and compared adaptation
measures (Phase 2) and planned and implemented adaptation measures (Phase 3). In
contrast, only 13% have evaluated and assessed implemented adaptation measures
and processes. Most of the respondents have thus already accomplished working
tasks for which climate adaptation services might be supportive and qualify as at
least potential users.

Fig. 7.4 Distribution of participants by action field
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Fig. 7.5 Distribution of participants by institutional actor category. Business comprises compa-
nies, economic associations and trade groups; Research comprises actors from academia, research,
consultancy, and education; Other consists in part of actors from non-governmental organizations
(NGOs)

Fig. 7.6 Participants’ experience with adaptation

Awareness and Usage of Climate Adaptation Services

Albeit respondents have been engaged with climate adaptation, only a small number
were aware of cross-sectoral (German-language) climate adaptation services (see
Fig. 7.7); on average, less than one third were aware of these services. The most
well-known service was theMonitoring Report to the German Adaptation Strategy,
of which half of the respondents were aware. Looking at the different action fields,



7 What Do Users Expect from Climate Adaptation Services? … 119

Fig. 7.7 Participants’ awareness of cross-sector adaptation services in Germany. Awareness is a
combination of the answers “I have already used this service and it was helpful”, “I have already
used this service and it was not helpful”, “I know this service and have already looked at it,” and “I
have heard of this service”

actors in the area of Spatial, regional and physical development planning and civil
protection were the most aware of various services, followed by those involved in
the fields of Soil, Water regime and water management, and Biological diversity.
Compared to respondents in fields of administration and research, respondents in
the private sector were less aware of available climate adaptation services, an excep-
tion being Klimacheck, a tool specifically tailored to companies. The share of those
respondents who have already used climate adaptation services is even lower, on
average, one tenth. The most used services are–again–theMonitoring Report (17%)
and the Vulnerability Study (16%).

The surveys also queried respondents about climate adaptation services specific
to their fields. In most cases, the respondents were more familiar with the services
specific to their area of expertise, with the exception of Trade and industry, Water
regime andwatermanagement, and Spatial, regional and physical development plan-
ningand civil protection. The greatest awareness anduse rates regardingfield-specific
services were found in the areas Soil, Financial services industry, andHuman health.

Asked about reasons for the limited use of climate adaptation services, 54%
responded that the services were difficult to find, 27% perceived them as not suf-
ficiently specific to their field, and 14% said they were unsure about the quality of
the services being offered (see Fig. 7.8).2 In the action fields of Soil and Forestry
and forest management, the percentage was even higher (20%). The interviewees

2This question was only included in the 2018 online survey.
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Fig. 7.8 Participants’ reasons for not using climate adaptation services

especially discussed aspects of quality and trust as barriers to using climate adap-
tation services. They stressed that it is important who develops and offers services
and asked for a quality control for services. This shows a clear need for improved
visibility, accessibility, and quality assurance for climate adaptation services.

The interviewees were a bit more familiar with the available sectoral and cross-
sectoral climate adaptation services. They described the overall offering of climate
adaptation services as extensive and diversified, but found the range unfocused, con-
fusing, and to some extent redundant. Particularlywith regard to the services provided
by federal and state governments, they identified a need for better coordination. The
services should not compete but rather complement each other.

Further Needs for Climate Adaptation Services

We found that respondents need additional support for all phases of the policy cycle
(see Fig. 7.9). While the need in phases 1 and 2a is slightly higher, respondents
described a lower need for services in Phase 4. The need for services in Phase 3 is
especially high in the action field Agriculture (55% of the respondents in this field).
The answers they provided also gave hints as to the kind of information users are
looking for: examples of best practices, maps, cost benefit analysis, and the legal
framework.

Asked about the different types of adaptation services, respondents express the
greatest need for manuals, including guidelines or checklists, and for knowledge
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Fig. 7.9 Need for further climate adaptation services for different adaptation phases

portals, e.g. databases (see Fig. 7.10).3 More than a third also expressed a need for
maps and for research studies or reports. Interactive web tools were important to a
bit more than a quarter of respondents. The need for consultancy, networking, or
training services was less pronounced; however, in the interviews, a stronger need

Fig. 7.10 Further need for different types of climate adaptation services

3This question was only included in the 2018 online survey. In the 2016 survey, we distinguished
the need for different tools according to the individual phases of the adaptation policy cycle.
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Fig. 7.11 Further need for different types of climate adaptation services in different phases of the
adaptation policy cycle

for these kinds of services was expressed. Looking at the individual action fields,
consultancy is especially relevant for Agriculture, and training in the action fields
Human health and Trade and industry.

In the 2016 online survey, we distinguished the need by phases of the adaptation
policy cycle and found that in all phases, manuals are most important and knowledge
portals are the second most important—expect for phase 4. We moreover identified
that maps are particularly important in Phase 1, knowledge portals in Phase 2 (2a
and 2b), practical support tools in Phase 3, and research studies and reports in Phase
4 (see Fig. 7.11). We also asked for the relevance of consultancy, networking and
training in the different phases. There are, however, only little differences among
the phases. Consultancy is the most important service in all phases. Networking
becomes slightly more important in the later phases, while phases 1 and 2a reach
slightly higher shares for training, and phases 1, 2a and 2b slightly higher shares for
consultancy.

Topics for which additional climate adaptation services are needed show a great
variety across the various action fields (see Table 7.2). They range from choosing
tree species to address changing site conditions inForestry and forest management to
climate change and animal-borne diseases in the area of Human health, and impacts
on underwriting risks and insurance coverages in the Financial services industry
sector.
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Table 7.2 Need for further climate adaptation services for different topics (by action field; the
table includes the three most often chosen topics from the online surveys; if more than three topics
are listed, the topics reached the same rank)

Action field/sector Need for climate adaptation services on the
following topics

Agriculture – Climate change impacts on vegetation and
management periods

– Climate change impacts on pests
– Regional climate impacts

Biological diversity – Shift, degradation and loss of habitats
caused by climate change

– Climate impacts on vegetation periods
– Managing biodiversity hotspots and climate
change

– Climate impacts on species behavior

Energy industry and transport, transport
infrastructure

– Integrating climate adaptation in
infrastructure planning

– Identifying particularly vulnerable
infrastructure

– Climate impact assessment/climate
proofing of critical infrastructure

Financial services industry – Impacts on underwriting risks and
insurance coverages

– Political requirements for the insurance
sector

– Climate change impacts on economic or
industry sectors

– Integrating climate information in risk
models and risk assessment tools

– Regional climate impacts

Forestry and forest management – Selecting tree species under changing site
conditions

– Forest conversion and stock treatment
– Regional climate impacts

Human health – Climate change and animal-borne diseases
– Climate change and communicable diseases
– Climate change and heat impacts

Soil – Climate change impacts on soil water
budget

– Climate change impacts on erosion
– Climate change impacts on soil organic
matter and soil organisms

Spatial, regional and physical development
planning and civil protection

– Integrating climate adaptation in regional
and urban development planning
instruments

– Determining particular vulnerable sites
– Climate-adapted settlement development

(continued)
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Table 7.2 (continued)

Action field/sector Need for climate adaptation services on the
following topics

Trade and industry – Damages to industrial infrastructure caused
by extreme weather events

– Adverse effects on employees’ health
– Adverse effects on production processes
through heat or extreme weather events

Tourism industry – Climate change impacts on tourism
– Alternative touristic offerings
– Changes in peak tourist seasons and
regional demand

– Regional climate impacts

Water regime, water management – Preparing for heavy rainfall/flash flood
management

– Flood management
– Surface water management
– Groundwater management
– Rainwater management

Requirements for Climate Adaptation Services

With regard to the credibility of climate adaptation services, the interviewees and,
in part, the responses to the open-ended questions in the online surveys stressed the
quality criteria summarized in Box 1.

Box 1: Users’ quality criteria

Topicality: Climate adaptation services should be a source of current, accurate
information and updated on a regular basis,
Relevance: Services should focus on the needs of users who are looking for
solid advice on climate change and adaptation,
Scientific basis: Climate adaptation services should be based on sound
scientific research and evidence,
Accessibility: The information and data provided should be easily accessible
and the use of climate adaptation services should fit within a reasonable cost
framework,
User-friendliness: Presentations should be compact, i.e. short and concise;
information, data, and tools provided should be simple and self-explanatory;
and services of high practical relevance. Climate adaptation services should be
compatible with the tools and data that users already use.
Reputation: Some interviewees believe that the reputation of the service
provider is important for establishing trust, credibility, and reliability.
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Users expressed a need for easy-to-use tools for getting started with climate adap-
tation as well as for data they can analyze themselves and compare to own data. For
this, the respondents expressed in part a need for (geo-) web services or exchange
formats such asWeb Feature Service,WebMapping Service,Web Coverage Service,
or Web Processing Service.

Presentation on a Web Portal

If climate services are presented on a web portal, the majority of respondents
expect the presentation to include photos, figures, and maps (78%), scientific back-
ground information (67%), and short printable information (55%) (see Fig. 7.12).
An overview of possible applications (47%) and the sharing of user experiences or
exchanges with other users (36%) were also important for many respondents. About
one quarter are interested in links to comparable services, frequently asked questions,
contact persons, and films or videos. Only 18% are interested in a comparison of dif-
ferent services. Actors from the action field Trade and industry show a comparably
broad interest in access to contact persons (48%) and in films or videos (45%). Short
printable information is especially needed in the fields Forestry and forest manage-
ment (67%), Human health (66%) and Tourism industry (65%). The interviewees
shared this feedback and stressed the relevance of visualization (photographs, maps)

Fig. 7.12 Expectations as to how climate adaptation services should be presented on a web portal.
*User experience or exchangewas divided into two options in the survey conducted in 2016; **Links
to comparable services was only included in the 2018 survey and chosen by 29% of participants
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and contact persons and suggested direct links to the services aswell as recommenda-
tions for related services and background information. The interviewees additionally
stressed that the portal as ameta platform should provide an easy entry. They asked for
well-structured, clear and understandable information. Moreover, they pronounced
that the benefits of using the portal should become clear directly when entering the
portal.

Barriers to Climate Adaptation

The answers of the interviewees and open comments of the online surveys show
that the respondents struggle with a range of barriers when it comes to planning and
implementing climate adaption measures. The interviewees described that their fel-
lows, superiors or partners did not perceive climate adaptation as relevant and urgent
need. In many cases, colleagues and superiors do not yet sense the consequences of
climate change, and are hence not motivated to act. The interviewees also described
that they had difficulties in reaching citizens. Moreover, the respondents mentioned
restricted financial and personnel resources. Planning adaptation measures addition-
ally is hampered by short planning horizons and a lack of knowledge on costs and
benefits. They,moreover, described that they had difficulties in finding good practices
or examples that they may use as reference and orientation.

Regarding the potential of the KLiVO Portal to help overcoming these barriers
the interviewees suggested that the portal should show the consequences of inaction,
demonstrate vulnerabilities, and present information on cost and benefits of adapta-
tion measures. Respondents recommended that the portal should present adaptation
as a continuous process that needs constant action. Moreover, they proposed that the
portal should provide good practice examples and contact persons, and that it should
support networking among users.

Networking and Continued Exchange Among Users
and Providers

In the interviews, respondents shared their expectations for a user-provider net-
work. Most would like to have regular meetings where the various stakeholders
can exchange views, bring in their own questions and problems, and discuss needs
for further development regarding climate adaptation services and the KLiVO Portal.
Some interviewees emphasized that participants should be able to actively engage
in the meetings and to learn from each other. Many considered one meeting per year
to be sufficient, while others suggested up to four meetings per year. While some
interviewees emphasized that themeetings should be cross-sectoral (addressingmul-
tiple action fields) and include a broad variety of users, others suggested additional
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sector- or topic-specific meetings. In addition, many respondents suggested online
networking as a supplement to meetings.

Developing the Climate Preparedness Portal Based
on Identified User Needs

In the following sub-sections, we will present how we used the insights from the
online surveys and interviews to develop the KLiVO Portal and the accompanying
KlimAdapt user-provider network.

Structure, Quality and Synthesized Content of the KLiVO
Portal

In order to increase knowledge about the different services and provide guidance and
credibility, the KLiVO Portal aims at presenting quality-assured climate adaptation
services and climate information services in a structured, conciseway. This is realized
through a service catalogue structure, similar to a database.Bymeans of variousfilters
and a search function, users are able to browse the service catalogue by different
categories (see Box 2).

Box 2: Filter categories on the KLiVO Portal

Phase in the adaptation policy cycle
Action field
Climate impact
Topographical region (e.g. urban regions, mountain regions, river catchments)
Target group (e.g. state or municipal administration, business)
Federal state
Service type (e.g. map, manual, publication)
Climate variable (e.g. precipitation, air temperature, soil moisture content)
Keyword

Our results show that some users have doubts about the quality and reliability
of climate services and hence refuse to use them. Based on a literature review as
well as on the results of the interviews, we developed a three-tier set of 20 criteria
to be applied to all services represented in the KLiVO portal (see Table 7.3). The
set comprises mandatory criteria—such as topicality, scientific background—facul-
tative criteria (e.g. user-friendliness, feedback), and classification criteria that help
to structure the service with respect to the above mentioned filter categories. Only



128 E. Hoffmann et al.

Table 7.3 Overview of quality criteria for selecting climate services for the KLiVO Portal

Mandatory criteria Facultative criteria Classification criteria

– Clear reference to climate
change

– Applicable to Germany or
German regions

– Up-to-date and regularly
updated

– Scientific basis
– Free-of-charge/open access

– Tailored to user needs
– User-friendly
– User involvement in the
development of the service

– Clarity
– Feedback
– Practical experience with
the service

– Best-practice examples
included

– Phase within adaptation
policy cycle

– Field of action
– Climate impact
– Region
– Target group
– Type of climate service
– Federal level or federal
state level

– Climate variable

those services that pass this internal quality assurance check are accepted for inclu-
sion in the portal. On the basis of the quality assurance results, the interministerial
working group onAdaptation Strategy determines the final approval for the proposed
services.

Based on the user needs for the presentation of services on a web portal, we
developed a template for the profile that presents each service. It provides for a brief
description of the service and provider, the scientific background, links to relevant
climate variables, further documents and other thematically related services as well
as a direct link to the service itself.

KLiVO also provides background information on the portal itself and the support-
ing networks, information on the German Adaptation Strategy and corresponding
documents, news about the portal, and answers to frequently asked questions. By
means of an online form, visitors can also suggest additional services to be included
in the KLiVO Portal. So far, 21 additional services have been submitted.

Gap Analysis on Provided Services

Comparing the user needs identified with the climate adaptation services currently
offered by public authorities in Germany, we can identify some information gaps
and areas for improvement. There are, for example, hardly any specific offers for
the action fields Energy industry, Financial services industry, Trade and industry,
or Coastal and marine protection. In the Financial services industry field, insurance
companies have developed climate adaptation services that are being widely used,
but in the area of banking, for example, almost no services are being offered. There
is also a need for more general services, such as recommendations on how to deal
with the legal framework associated with climate adaptation, cost-benefit-analyses,
interaction between action fields, synergies and conflicts with other policy fields,
financial support, and civil society engagement.

Regarding adaptation policy cycle phases, currently only a few services address
Phase 4 (evaluation and monitoring). Even though the demand for services that
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support the evaluation of measures is not yet as high as for other phases, it will prob-
ably increase as stakeholders move forward in the adaptation process and increas-
ingly implement adaptation measures; further services for evaluating and assessing
adaptation measures should be action-field specific.

With regard to the target groups, it can be stated that most of the services address
administrative bodies, in particular local municipalities. There are much fewer offer-
ings directed to business, NGOs, or private citizens. As more and more societal and
institutional groups learn about or become aware of their vulnerability to climate
change, it is important to address these groups and topics with targeted services.

With regard to the types of services being offered, the need for products such as
manuals and knowledge portals is currently well covered. On the other hand, there
is a lack of consultancy, training, and networking services. In the online survey the
need for these types of services was less broadly indicated than for other types;
however, in the interviews a need for them was clearly expressed. Looking at the
current offerings, we find only three services offering training and only one offer-
ing networking. It is worth investigating whether such services are in development
or whether existing services can be enhanced through the addition of training and
consultancy features. The identified barriers to climate adaptation indicate further
gaps in adaptation services. Some barriers can be overcome with the KLiVO Portal,
for example a lack of knowledge on good practice examples and contact persons
and limited possibilities to exchange with others. The other identified suggestions
on how to overcome barriers—for instance presenting consequences of inaction and
vulnerabilities—rather deal with the content of individual services and are beyond
the scope of the KLiVO Portal as a meta-portal.

Continuous Exchange Between Users and Providers

The results of the literature review, the online surveys, and interviews were valuable
for designing the KLiVO Portal in the first place and also for deriving recommen-
dations regarding the future development of climate adaptation services. However,
enhancing local and sectoral capacities and enabling adaptation requires more than a
solely web-based platform, which is why the German Federal Environment Agency
initiated the KlimAdapt user-provider network on climate adaptation services in
2018. The network accompanies the KLiVO Portal and thus will further strengthen
user integration following implementation of the portal.

The objective of the user-provider network is to increase the usage of services
and further develop adaptation services based on user needs and with regard to their
applicability within a specific action field or working environment. Gaps between
provided and needed climate adaptation services should also be identified and formu-
lated. In order to achieve a public outreach, the network members should advocate
for an increased usage of climate adaptation services within and beyond their orga-
nization. These objectives, as well as direct feedback from the network members,
should further improve both the KLiVO Portal and the climate adaptation services.
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Presently, the network consists of around 50members from national, regional, and
local authorities, business associations, NGOs, and companies, representing diverse
fields. The network members meet about three times per year. Following an interac-
tive approach of dialogue, presentations, and working groups, the network bridges
the gap between the various actors and stakeholders involved in climate adaptation.
With this in mind, closed network meetings, exclusively for network members, alter-
nate with thematic meetings, which are open to others dealing with the addressed
topics. Each meeting is evaluated with regard to the satisfaction of the members
with the constellation of participants, possibilities for interaction, ambience, results,
content, co-determination, knowledge transfer, facilitation methods, documentation,
and flow of information. So far, the evaluation results show a high satisfaction with
the network and give hints for some improvements. Network participants wish for
even more possibilities to exchange with each other and for more knowledge input.

One issue the network has discussed, so far, is the relevance of the quality assur-
ance process. Also, it has been proposed that existing services should be improved
or merged with other services instead of developing new ones. Such input will be
used to improve the KLiVO Portal. Furthermore, the KLIVO Portal will further be
developed by means of a web analytic software that analyzes user behavior and
by means of a user survey. Moreover, real-use cases on climate adaptation services
and increased feedback possibilities for users and providers are further steps for the
KLiVO Portal to bridge the gap between providers and users.

Conclusions: How to Develop User-Friendly Climate
Services

The focus of our efforts and analysiswas onGermany.Many of the findings, however,
are transferable to other countries. As other researchers have previously noted, we
find that awareness and use of climate services is limited; many users do not know
about or do not find these services. For such problems, a national web-based meta-
portal providing a structured search mechanism can help. Such a meta-information
portal, as well as the climate services themselves, should be trustworthy and based
on scientific research and methods. To assure this, a quality assurance process for
choosing the content of any such portal is necessary. This can be based on the quality
criteria already discussed here.

However, a standardized approach for identifying and assessing services is limited
to some extent. One reason is that the understanding of climate adaptation services
varies broadly due to the different contexts in which the services are developed and
used.We found this in the literature as well as in our own research results and in expe-
rience with practitioners within the KlimAdapt network. Users often do not think
in categories of climate adaptation services but are rather interested in thematically
helpful methods or measures. Thus, users and climate scientists perceptions on con-
tent, methodological approach and design of a climate adaptation service might be
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different. Consequently, selecting a service and assuring its quality based on deter-
mined criteria is still a case-by-case decision, guided by a quality assessment process.
We addressed this limitation of a standardized approach by a clear argumentation
and transparent documentation of the assessment process.

For successful development of user-friendly climate services, early and ongoing
interaction with potential users is recommended. User integration cannot be limited
to a single step, but rather needs to be considered as a continuous process. A variety
of methods can support this process. In the beginning it is important to map potential
users, breaking them down, for example, according to actor category, action field
(sector), and extent of experience with adaptation. Surveys and interviews help to
identify diverse user needs and to understand the barriers users are struggling with.
A broad overview on user needs helps to identify gaps in the current landscape of
climate services and offers hints as to where additional services or improved services
are needed. When preparing new services or updating existing services, users should
moreover take part in usability tests, testing phases, and/or workshops.

As an enhancement to the four-step user engagement process suggested by Swart
et al. (2017),we recommend afifth step,which involves continuing the exchangewith
users after implementation of climate services. The user-provider network presented
here is a potential approach to ensure this kind of continuous exchange. Since user
needs are changing, it is important to regularly monitor and evaluate climate services
by integrating users or user feedback into this process. This applies also for climate
adaptation platforms in general. For the latter, surveys on user needs should be
conducted on a regular basis to identify needs, gaps, and potentials for improving
these platforms.

As the available time and commitment of relevant actors for such processes is
limited, the individual and collective benefits and goals have to be clearly defined.
Close links to a political process such as the German Adaptation Strategy can yield
more effective and compatible results and make a constant engagement more attrac-
tive. At the same time, ongoing support and feedback to and from a scientific team
ensures that the methods and content being applied remain viable and consistent with
ongoing research.

There are some limitations of the present study and this paper: The assessment of
the provided climate adaptation services focusses on the characteristics, user involve-
ment and applicability of each service. A comprehensive assessment of the content
and methods of each service would have been beyond the scope and capacity of the
work. Moreover, even though the research covered the usage of and satisfaction with
climate adaptation services, the authors cannot assess whether the applied services
increased the effectiveness of climate adaptation measures on the ground. Thus, the
impact evaluation of services as well as of the KLiVO Portal should be a subject for
further research.

Further research is also needed on approaches that support continuous user inte-
gration and the integration of users in evaluating climate adaptation services. In order
to do so, more information on the real use of climate adaptation services is needed.
Transdisciplinary methods, in which scientists and practitioners jointly work on a
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common problem and reintegrate the knowledge gained into their science and prac-
tice community, can be a suitable methodological approach to improve the use and
further development of climate adaptation services.

Even though climate adaptation services are applied regionally and locally, trans-
regional and international exchange on the development and application of such
services can help to abstract from the singular point of view towards transferable
solutions. Adaptation platforms are a common ground to strengthen this exchange
and to draw further lessons on the user-provider interface.A transnational comparison
and evaluation of such platforms and accompanying user-provider interaction can
thus be helpful to identify barriers constraining their use, strategies to overcome these
barriers, and good practices, and to spark mutual learning.
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Chapter 8
Physical Climate Risks and the Financial
Sector—Synthesis of Investors’ Climate
Information Needs

Karianne de Bruin, Romain Hubert, Julie Evain, Christa Clapp,
Miriam Stackpole Dahl, Jaclyn Bolt and Jana Sillmann

Abstract While investors are paying more attention to climate change, there is a
lack of granular data designed to support financial decisions. Climate services can
provide improved indicators and metrics to help investors better manage physical
climate risks. This chapter presents the results of the ERA4CS-JPI Climate project
ClimINVEST aimed to co-design tailored information on climate change. It pro-
vides an overview of investors’ needs and information gaps on the physical impact
of climate change. It identifies what information sources financial actors rely on
and what challenges they face in decision-making incorporating available climate
change information while taking into account diverse investor mandates and risk
management approaches. Three unique geographical cases are presented, both on
commonalities and differences, namely France, the Netherlands and Norway. In
France, the 2015 Energy Transition for Green Growth Act (Article 173-VI) requires
institutional investors to report on their integration of climate-related risks in their
investment policies. In the Netherlands, the Dutch Central Bank and financial institu-
tions are challenged to dealwith potential flood risks frommore frequent precipitation
and sea level rise. In Norway, actors such as Finance Norway and the Norwegian
government are assessing the risks from physical impacts of climate change on the
Norwegian economy.

Introduction

Climate-related risks for investors entail two main facets: (1) transition risk, or
changes in climate policy and regulations, which can result in an explicit or implied
price on carbon, potentially ‘stranding’ assets supporting fossil fuel infrastructure,
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and (2) physical climate change, e.g. changes in temperature, precipitation patterns,
and extreme events. The impacts of physical climate change can place a severe strain
on company facilities, employees and the communities on which companies depend.
Ultimately, these can affect equity, debt, and real estate assets in investors’ portfolios.

Under the current climate, approximately 1 °C above pre-industrial temperatures,
we already experience the impacts of physical climate change. This includes extreme
weather, floods, drought, heat stress, and sea level rise (IPCC 2014). There are risks
and associated costs of direct physical impacts of weather-related events (Morel et al.
2015). Sustained high temperatures have resulted in decreased worker productivity
(Kjellstrom et al. 2018), and changing rainfall patterns have affected agriculturalmar-
kets (Sullivan 2014). Financial regulators are raising concerns about investors’ expo-
sure to physical risks (BoE 2018; DNB 2017). Analyses show increasing losses—
both insured or not—in assets due to natural catastrophes and extremeweather events
of dozens of billions USD a year (EC 2013; Swiss Re 2018).

Publicly available climate services for the financial sector are currently very lim-
ited (Hamaker-Taylor et al. 2018), thus investors draw climate information tailored
to their needs mostly from consulting companies with very little transparency in
their methods. While a strand of research has focused on stranded assets that could
come about via changes in climate policy (transition risks), there is a lack of concen-
trated study on financial impacts of climate change via production and supply chain
disruptions, physical damage and changes in resource pricing and demand.

Further, there is a plethora of climate scenarios and modelling at global and
regional levels, but it is difficult for investors to translate the results to actual risks
on their assets in specific sectors or locations, and the appropriate times’ scales,
i.e. 1–5 years versus 20+ years. Focused research on the sources of physical climate
impacts exists; however, emission pathways are provided without a clear reference to
underlying policies and drivers. It is therefore difficult for investors to understand how
investments in companies contribute, or are at risk, in these different scenarios (Van
Vuuren et al. 2011). Similarly, climate projections come without information about
financial implications of climate change or supply chain risks, while most studies of
responses of the environment to climate change in nature and their socio-economic
consequences have vague references to climate projections. A review of corporate
disclosures of physical climate change risks and adaptation strategies concludes that
many companies either did not report the costs of physical climate change impacts
or underestimate them (Goldstein et al. 2019).

Specific assessment and guidance interpreting physical climate risk linkages to
financial implications are emerging. In June 2017, the Financial Stability Board’s
Task Force on Climate-Related Financial Disclosures (TCFD) published recommen-
dations on improving the reporting standards for climate-related risks and opportuni-
ties (TCFD 2017). This was followed by initiatives to advance the TCFD recommen-
dations (EBRD and GCECA 2018), such as banks piloting an assessment method-
ology that addresses physical risk to estimate the impact of climate change on their
agriculture and energy sector portfolios, and real estate portfolios (UNEPFI 2018).
Moreover, the High-Level Expert Group on Sustainable Finance recommended that



8 Physical Climate Risks and the Financial Sector … 137

the European Commission endorses and implements the TCFD disclosure recom-
mendations at the EU level (HLEG 2018), and in 2018 the central banks and super-
visors came together to establish the Network for Greening the Financial System
(NGFS 2018).

Improved indicators of non-financial information on climate-related risk, partic-
ularly for physical impacts, are needed for better investment decisions in a changing
climate. How can investors better secure the value of their portfolios against physical
impacts of climate change? Which climate-related risks require immediate attention
from investors, and what scientific information is available? Climate services can
provide improved indicators and metrics to help investors better manage these risks.
This chapter provides a synthesis on understanding investors’ needs and information
gaps regarding the physical impacts of climate change and provides a foundation for
collaboration on developing climate services between research and finance.

The chapter identifies what information sources financial actors rely on and what
challenges they face in their decision-making based on available climate change
information. Existing service providers’ approaches to physical risk analysis are
reviewed, which have been built and made available on the market as of early 2018.
User needs are categorised as risk awareness (developing and improving understand-
ing of physical impacts of climate change), risk analysis (qualitative and/or quantita-
tive estimation of these risks) and riskmanagement (on identifying and implementing
plans, actions or strategies to reduce the implications of these risks). The work has
been performed under theClimINVESTproject, which brings scientists and investors
together in a series of science-practice labs to co-design tailored information on cli-
mate change to support financial decision making in the face of physical climate
risks and opportunities.

Three unique geographical cases are presented, with both commonalities and
differences: France, the Netherlands and Norway. These countries have all been
at the forefront of understanding physical climate-related risk in their respective
financial and regulatory environments. In France, the 2015 Energy Transition for
Green Growth Act (Article 173-VI andV) requires institutional investors to report on
their integration of climate-related risks in their investment policies, and it triggered a
dialogue between banks, insurers andfinancial regulators on how to integrate climate-
related risks in risk management tools. In the Netherlands, the changing climate is
challenging the Dutch Central Bank and financial institutions to deal with potential
flood risks frommore frequent and heavier precipitation and sea level rise. InNorway,
actors such as FinanceNorway and theNorwegian government are assessing the risks
from physical impacts of climate change on the Norwegian economy.

Overview of Investor Approaches

The focus in this study is particularly on the physical impacts of climate change
that can affect the financial sector and refers to these as physical climate risk in
the following. The pool of available approaches to physical climate risk analysis
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tailored for financial institutions is limited in number. Specialized service providers
have developed most of the approaches. Table 8.1 provides an overview of these
service providers and their detailed approaches. These include Acclimatise (Asian
Development Bank 2016), Moody’s (2016), WRI (Gassert et al. 2014; Luck et al.
2015), Four Twenty Seven (Four Twenty Seven and Deutsche Asset Management
2017), Carbone 4 (Carbone 4 2017), Carbon Delta (Carbon Delta 2019), Mercer
(Mercer 2015; Mercer and CALStrs 2016), and Trucost (Ecolab 2017). The review
was done via data collection, building on online information to identify streams of
literature, relevant reports and available approaches and interviews conducted with
the different service providers. See I4CE (2018) for more details.

Six of these approaches are available as paid services, while WRI’s Water Risk
Atlas and Trucost’s Water Risk Monetizer are available for free. Note that the
providers of free information focus exclusively on water scarcity and do not cover
flooding/sea level rise, or anything else on the overabundance of water. The tar-
get users for the different approaches are mainly investors, except for Acclimatise,
Moody’s andWRI. Acclimatise focuses on pre-screening before financing for project
officers and risk managers (more suitable for development banks). Moody’s provides
an exploratory approach that does not constitute a new product to investors and is
based on illustrative data for risk managers of all financial institutions.WRI provides
an analysis of portfolio exposure to climate hazards for all financial institutions.

Service providers target different end-uses and end-users relevant for financial
institutions. Nevertheless, they all try to answer the same type of question: how cli-
mate change can potentially affect counterparties1 such as projects, companies or
governments. To investigate potential impacts, the approaches combine information
on four broad categories: climate hazards; the counterparty’s exposure to these haz-
ards; the sensitivity of the counterparty to this exposure; and its capacity to address
these potential impacts. Not all of the selected approaches cover every type of coun-
terparty and every aspect of possible effects. In terms of analysis of the potential
implications, WRI and Trucost focus exclusively on a sub-category of climate haz-
ards related to water scarcity, while the other approaches seek to incorporate different
aspects of risk (i.e. information not only on hazards but also on counterparties).

The approaches reviewed build on public data sources for climate hazards which
are further processed by service providers internally. The list of climate databases
used are easily accessible to service providers. These include climate scenarios and
projections [e.g. Representative Concentration Pathways (RCPs) (Van Vuuren et al.
2014)] and various databases with different coverages (e.g. EM-DAT on historical
catastrophic events; UNEP-GRID regional databases). The situation differs regard-
ing the information on counterparties, related to exposure, sensitivity, and adaptive
capacity data. The exposure can be provided by the end-user of the approach (in the
case of Acclimatise, Trucost andMercer), or by a combination of counterparty’s pub-
licly reported information and commercial and proprietary databases (in the case of

1The counterparty is the entity that receives funding from the financial institution. The selected ser-
vice providers’ approaches aim to provide financial institutions with some information on physical
climate risks for one or several types of counterparties: projects, companies or governments.
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Table 8.1 Details of available approaches on physical climate risk analysis

aNote that Carbone 4 is a research project partner in the ClimINVEST project
b“Ecolab, Trucost and Microsoft” are mentioned shortly as “Trucost”
Source I4CE (2018)
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the other selected approaches). Sensitivity data can also be provided by the end user
(in the case of Acclimatise and Trucost’s approaches) or arise from combinations of
public and commercial databases, public or proprietary cost functions, and expert
judgment (in the case of the other selected approaches). And the adaptive capacity is
addressed for sovereigns with publicly available databases, while it is less covered
by corporate counterparties.

Existing approaches provide scores or quantitative estimateswith different details.
Five service providers choose to give ratings on the level of physical climate risk
of the counterparty (in the case of Acclimatise, Carbone 4, Four Twenty Seven,
Moody’s Investors Service and WRI). Three other approaches produce quantitative
information, such as estimates of potential costs or asset value impact resulting from
climate-related risks to a single counterparty (in the case of Carbon Delta, Mercer
and Trucost). The information provided to end users also differs through the type of
detail (e.g. per type of hazard, climate scenario, time horizon, category of impact,
counterparty) and the level of detail (e.g. counterparty or sectorial level analysis)
they provide.

The scope of hazards covered by each approach varies. Most of the current
approaches address acute2 climate-related phenomena (e.g. hurricanes, heat waves,
drought and floods) while coverage of chronic3 phenomena is emerging (for example
some approaches focus specifically on water availability) (TCFD 2017). Climate-
related phenomena can be combined with each other. For instance, gradual sea level
rise (a chronic phenomenon) exacerbates the magnitude of coastal flooding (an acute
phenomenon). Some methodologies show differences in the indicators that describe
a given hazard (for example water stress can be studied through the mean yearly
water supply or intra-year variability of water supply), but several approaches offer
limited transparency about the chosen indicators.

In addition, the existing methodologies covered by this analysis address different
climate-related impacts on corporate counterparties. They focus on different scopes
of the counterparty’s exposure; for instance, somemethodologies cover the upstream
and downstream value chain and the logistics whereas others cover operations only.
In the same vein, only a few cover capital, labor, natural resources and the macro
context.

Forward-looking analyses are starting to be integrated into physical climate risk
analyses. Service providers often include forward-looking scenario-based analyses
for climate hazards with variable time horizons (from 15-years up to 2100) and
typically use a single scenario, which is not sufficient to reflect the range of potential
long-term risks. These scenarios are either ‘trend scenarios’ in the sense that they
extrapolate trends from the past, or ‘exploratory scenarios’ in the sense that they
extrapolate the future with various possibilities in mind.

2Acute climate-related phenomena are disruptive and event-driven. They refer to phenomena that
are typically perceived as a shock to the system.More specifically, they include changes in frequency
or magnitude of extreme events such as cyclones, heatwaves, storms, etc.
3Chronic climate-related phenomena refer to long-term persisting changes in mean and variability
of all types of climate patterns. They include for example: sea level rise; change inmean temperature
patterns and chronic heatwaves at the end of the spectrum of temperatures evolution.
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Case Studies

The case studies selected in this chapter provide insights into physical climate risk
and investor needs in France, the Netherlands and Norway. The cases offer unique
perspectives on the context of country-specific initiatives around physical climate risk
and specific user needs, their uniqueness and high-level commonalities. Why these
case studies? France, the Netherlands and Norway are three countries at the forefront
of creating awareness and acting on the risks and opportunities associated with phys-
ical impacts of climate change in the financial sector. They thereby complement the
activities of the Financial Stability Board’s Task Force on Climate-Related Finan-
cial Disclosures (TCFD), which developed recommendations at a broad level for
company disclosure of climate-related risks. The content is based on a survey, inter-
views, literature review and preliminary conversations held during the first phase of
the ClimINVEST project. These needs and the co-design of corresponding climate
services will be further elaborated in the next phase of the ClimINVEST project,
highlighting different hazards and sectors in different science practice labs. User
needs per case study are categorised along risk awareness (developing and improving
understanding of physical climate risks), risk analysis (qualitative and/or quantitative
estimation of these risks) and risk management (on identifying and implementing
plans, actions or strategies to reduce the implications of these risks).

Identified common needs across the case studies include the need for: i. in-house
capacity building and training on physical climate risk awareness; ii. assessment
of impacts of climate change on sector specific portfolios; iii. consistent, granular
data on climate-related risks; iv. forward-looking scenario-based analysis and v.
understanding of extreme events.

In France, the 2015 Energy Transition for Green Growth Act requires institutional
investors to report on their integration of climate-related risks in their investment
policy (Article 173-VI) and plans the implementation of periodic stress-tests on
bank portfolios with scenarios that are representative of climate risks (Article 173V).
These provisions have urged financial actors and regulators (the Banque de France
(theFrench central bank) and theFrenchPrudential SupervisoryAuthority) to address
the climate-related risks. In the Netherlands, the changing climate is challenging
De Nederlandsche Bank (the Dutch central bank) and financial institutions to deal
with potential flood risks from more frequent and heavier precipitation and rising
sea level. Other climate hazards are currently not broadly discussed, as these are
not yet considered to affect the country’s financial system. Although the drought
of spring and summer 2018 may trigger awareness and analysis of financial risks
and opportunities associated with extreme events (Actiam 2018). In Norway, actors
such as Finance Norway and the Norwegian government are assessing the risks
from physical impacts of climate change on the Norwegian economy. The sovereign
wealth fund manager [Norges Bank Investment Management (NBIM)] is a leader
in working on climate-related risks. The following sub-sections provide the context
and identified user needs per case.
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France

Country-Specific Context: France

In 2015, France became the first country to impose legal requirements for climate
reporting on institutional investors and asset managers, and to create a broader early
momentum on disclosing on climate-related risks among financial institutions. The
purpose of Article 173 (V and VI) of the Energy Transition for Green Growth Act
has been to encourage financial institutions’ in-depth reflection on climate-related
issues and their implications for their activities, and to take action to address them.

Climate-related risks for institutional investors, asset managers and banks are
explicitly targeted inArticle 173-V andVI of the EnergyTransition forGreenGrowth
Act promulgated on August 17 2015.

Article 173-VI of the Act targets institutional investors and asset managers. It
requires them to report on their integration of Environmental, Social and Gover-
nance (ESG) issues in their investment policies. Institutions that have a consoli-
dated balance sheet of more than EUR 500 billion worth are required to report more
specifically on the integration of climate-related risks (physical or transition risks)
and their contribution to the green economy.4 In mid-2017, institutional investors
and asset managers released their first yearly reports in accordance with Article
173 requirements on the 2016 financial exercise. The final recommendations of the
TCFD were released only in June 2017. This specific context raised early awareness
on climate-related issues among investors. This momentum has continued while the
government and the financial regulators are taking stock of the first two reporting
exercises conducted in the context of Article 173-V.

This law has also impacted banks. Article 173-V mentions that the French gov-
ernment shall report on the implementation of periodic stress-tests on bank portfolios
with scenarios that are representative of climate-related risks. The FrenchMinistry of
Finance, the Banque de France and the Supervisory Prudential Authority published
a report on assessing climate-related risks for banks at the end of 2016.5 The process
triggered a dialogue on supervision between the French banks and insurance com-
panies, and their regulators on climate-related risks (through bilateral meetings and
regular surveys). The regulators are now enquiring not only about the future integra-
tion of climate-related risks in periodic stress-testing exercise, but also about their
integration in day-to-day risk analyses performed at banks and their level of climate-
related risks exposure. In parallel, the Banque de France has taken various initiatives
on green finance and acts as the secretariat for the Central Banks and Supervisors
Network for Greening the Financial System (NGFS), which was launched at the One
Planet Summit in Paris in December 2017.

4For more information on the disclosure requirements under Article 173-VI, see the implementing
decree n°2015-1850 of 29 December 2015 of article L.533-22-1 of the Financial and Monetary
Code. https://www.legifrance.gouv.fr/eli/decret/2015/12/29/2015-1850/jo/texte.
5Direction Générale du Trésor, Banque de France, ACPR, 2016. L’évaluation des risques liés au
changement climatique dans le secteur bancaire.

https://www.legifrance.gouv.fr/eli/decret/2015/12/29/2015-1850/jo/texte
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Financial institutions have started working on several aspects of climate-related
risks because of Article 173. It began creating awareness about climate issues within
financial institutions, but there is still room for improved understanding. For the pur-
pose of reporting, institutional investors and asset managers have increased internal
discussions across divisions on this topic. In some instances, it encouraged collabo-
ration with external service providers in order to get started on climate risk analysis.
These financial institutions are now experiencing the need and difficulty in find-
ing information that fits their existing decision-making frameworks. The Banque de
France and Prudential Supervisory Authority have been putting pressure on finan-
cial actors since 2015 to assess and address climate-related risks (Villeroy de Galhau
2018).

User Needs

ESGand risk divisions collaborate on the topic of physical climate risks in all sampled
institutions. However, only a few institutions in the sample are taking their first steps
to address these risks in their decision-making processes, with significant differences
across institutions.

ESG divisions are starting to communicate and raise awareness on these topics at
a high level within their institution. One large commercial banking group explicitly
mentioned organizing an in-house training session on this topic with scientists and
the top management (including risk divisions).

In terms of risk analysis, most of the sampled financial institutions have carried
out a partial and experimental analyses of physical climate risks in portfolios in col-
laboration with external service providers. Three institutions of the French sample
have been developing analyses at sectorial level with partial coverage in terms of sec-
tor and/or geography and/or type of physical climate risk. These early developments
currently serve as risk pre-screening tools.

In the same vein, one large commercial banking group has begun integrating these
risks in its sectorial policies, currently based on the same type of information used
for pre-screening tools. Another large banking group is beginning to integrate these
risks at the asset level for due diligence or into the ensuing monitoring process. The
analysis ismostmature for physical asset portfolios (e.g. real estate or infrastructure).
Finally, three institutions in our sample have also started bottom-up exercises, where
credit officers ask their counterparties about how they integrate physical climate risks
in their process. This is organized as a first step towards understanding the type of
information that counterparties could provide to help analyze these risks.
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Financial institutions have expressed their views on some key dimensions tomake
physical climate risk information usable, specifically:

• Information should be transparent6 and detailed in order to be able to discuss
internally or with their counterparties’ exposure and sensitivity to hazards.

• Data should ideally be granular enough to provide information that reflects the
situation of their specific counterparties.

• In order to integrate decision-making, financial institutions need the information to
be reliable. Some of them suggest scientific advice on the relevant climate datasets
to be used, but also external validation of a counterparty’s information.

• Information that demonstrates materiality of this risk in their own horizon of
analysis (mostly decadal, but also in the longer-term for strategic purposes) and
that clarifies the range of uncertainties needed.

• Comparable information is important; the information can be better used in finan-
cial risk decision-making if it allows comparison between different counterparties
in different sectors and geographies, and also if it compares exposure to physical
climate risks with exposure to other types of risks.7

Table 8.2 summarizes the most frequent types of needs that financial institu-
tions mentioned during interviews carried out in France. The interviewees generally
expressed the need for granular and asset- or counterparty-specific analysis.

The Netherlands

Country-Specific Context: The Netherlands

The unique position of theNetherlands as a low-lying deltamakes the country vulner-
able to the physical impacts of climate change, such as sea level rise, increasing fre-
quency and intensity of precipitation, and drought events. The largest climate-related
risk in the Netherlands is flooding from, for example, sea level rise, river discharge,
and/or heavy rainfall. These risks change over time, leading to costs in preventing
and dealing with the impacts of floods. Although the probability of extreme flood
events is low, potential damages is substantial. Under different dike breach scenarios,
damages are estimated at between EUR 20 and 60 billion (DNB 2017, p. 24).

Thefinancial implications of floods are endured by governments and those directly
affected, who are often not, or only partly, compensated by the government. Actors

6Transparency of information typically refers to clarity of the sources, of the methodology to carry
out the analysis.
7Some financial institutions also express preferences for some specific information formats. Some
financial institutions are willing to be provided with some intermediary indicators in order to be
able to combine them by themselves and produce tailored information. One expressed example of
this need is to obtain sensitivity factors that are counterparty- and hazard-specific, that the financial
institution will combine with its own selection of climate hazards scenarios.
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Table 8.2 Investor approaches and information gaps—France

The aspect of risk
decision-making

Specific user need Way forward

Risk awareness In-house understanding of
physical climate risk: Building
awareness among internal
stakeholders about physical
climate risks and their
materiality to financial
decisions

• Training session or other
training media

• Targets: top management,
front office staff directly
managing portfolio of
counterparties

Risk analysis Framing risk assessment: need
consensual guidance about
what should be included in the
risk analysis and what type of
indicator would be relevant

• Framework or general
guidelines on physical
climate risk analysis

• Key indicators to look at in
different contexts

Risk pre-screening: identify
material risks in a
‘pre-screening’ of risks. The
perimeter (e.g. aspect of risk,
type of hazard and portfolio)
and granularity (e.g. regional
and sectorial or local and
specific) of the pre-screening
is to be refined

• Mapping of risks in portfolios
and other alert tool

Finding climate data for risk
assessment: need to have
access to and knowledge of the
relevant climate hazard
datasets, so that financial
institutions can carry out the
analysis themselves or discuss
third-party analyses

• Climate datasets or guidelines
on relevant climate datasets

Finding counterparty-specific
data for risk assessment: as
mentioned above on climate
data, the same type of issues
apply to counterparty-specific
data

• Exposure datasets along
counterparty’s value chain

• Check-list on relevant
information to obtain from
counterparties

Quantified and granular
financial impacts: need to
progress towards quantified
indicators on financial impacts
from physical climate risks, at
counterparty-specific level

• Methodology for
quantification of financial
impacts from physical climate
risk at counterparty-specific
level

• Transparent information on
financial impacts to the
counterparty

Risk management Engagement with
stakeholders: manage physical
climate risk through
engagement with
counterparties

• Check-list on relevant
information to discuss risk
exposure per type of
asset/counterparty and hazard

Source Interviews conducted by I4CE in the context of ClimINVEST
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in the financial sector holding assets in affected areas or areas with increased flood
risk may be directly affected as well. Indirectly, they may be hit when credit and
investment portfolios are depreciated due to secondary effects. According to De
Nederlandsche Bank (hereafter: DNB), future risk assessments should include both
future climate change as well as government interventions that deal with flood risk.
They are also advised to look for particular vulnerabilities in their portfolio.Currently,
DNB does not foresee urgent financial destabilizing effects from the different flood
scenarios (DNB 2017).

The Dutch financial sector, including its supervisory authority (DNB), is active in
different fora and networks to promote understanding of physical climate risk, and to
discuss ways of dealing with it to reduce the financial consequences. Generally, the
Dutch financial sector prefers an emphasis on possible solutions and opportunities,
rather than on risks, creating a more positive perspective for dealing with climate
change.

DNB is active in raising awareness and exploring the climate-related risks for
the Dutch financial sector. In 2017, it released the report ‘Waterproof?—An explo-
ration of climate-related risks for the Dutch financial sector’ (DNB 2017). The report
presents the implications of the physical consequences of climate change on Dutch
insurers, investors and lenders. Insurers expect an increase in claims related to cli-
mate (change) as frequency of extreme weather events such as hail and rainfall is
expected to increase and, consequently, lead to higher premiums. Insurance compa-
nies in the Netherlands are well aware of weather extremes but are less informed
about long-term climate trends. They trust models provided by external parties who
may not cover climate change trends for the Netherlands, even though they could
prove critical for a thorough risk assessment.

DNB brings together different financial actors in working groups on sustainable
finance. One working group (DNB 2018) specifically focuses on climate-related
risks, reflecting on integrating TCFD-style information into risk/return decision-
making. The DNB Sustainable Finance Platform’s Working Group on Climate Risk
brought together different Dutch asset managers, banks and financial services com-
panies. DNB is currently investigating ways to embed climate-related risks in its
supervisory assessment framework. This is a challenging task, as not all risks are
yet quantifiable and most risks have yet to crystallize (Elderson 2018). In addition,
DNB is developing both physical and transition-related stress tests which can help
assess long-term risks faced by financial institutions. These include a stress test on
weather-related risks for Dutch general insurers, and development of a stress test on
transition risks, exploring four future scenarios of policy and technology (Sleijpen
2018).

User Needs

Table 8.3 summarizes the user needs and way forward identified in the Netherlands.
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Table 8.3 Investor approaches and information gaps—The Netherlands

The aspect of risk
decision-making

Specific user need Way forward

Risk awareness within
financial institutions

Improved understanding of
physical climate risk and
extreme events

• Create an understanding of
how climate change and
extreme weather events will
result in risks and
opportunities for the built
environment

• Create awareness on the
materialization of relevant
long-term risks and how
these need to be mitigated
in the short-term

Improved availability of
knowledge about physical
climate risk

• Develop an overview of
what is available, and
specify what is relevant for
loans and investments made
by the banks in real estate
or other sectors, and how to
incorporate this into their
investment strategy

Develop in-house
understanding of physical
climate risk

• Anchoring of
climate-related risk and
opportunity competency at
board level

Standardization of
information

• Work towards market
standardization of relevant
scenarios and data sources

Risk analysis Assessment of whether and
how financial institutions
incorporate climate-related
risks in their decision-making
process

• Develop a more
forward-looking approach
to incorporate climate risks

Assessment of ways in which
climate-related stress tests
help in assessing the
long-term risks that financial
institutions face

• Improve forward-looking
risk management tools,
such as scenario analysis
and stress testing

Common taxonomy and
economy-wide disclosure to
consider climate-related risks
on a company level basis

• Create a common
taxonomy and disclosure
standard leading to
climate-related risk
obtaining its fair market
price, and thereby also spur
cost-effective adaptation
measures

(continued)
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Table 8.3 (continued)

The aspect of risk
decision-making

Specific user need Way forward

Information on physical
impacts

• Develop a comparison tool
between companies

• Create open source access
• For specific financial
products, spatial levels and
prioritization of risk
management; for example
for mortgage assessment,
understanding what is
important to focus on in
relation to physical climate
risk

• Integration of data on and
analysis of climate-related
risks into existing financial
decision-making processes

• More research on ways
climate change affects
assumptions used in asset
and liability management

Scenario analyses; for
example risk/opportunity
analysis with scenarios for
the next 10–20 years

• Detail the extent of future
climate change, how will
physical risks arising from
climate-related damages
change, especially at the
company level?

Decision-useful metrics • Call to service providers to
provide investors and
lenders with
decision-useful metrics on
physical risks (including
post-2050 risks)

• Call to service providers to
provide broader and more
granular quantification of
metrics

Risk management Creating awareness of the
difference between passive
and active management of
investors

• Sophistication of
engagement tool

• Engagement with
companies on the
sector—or individual level,
with passive or active
investment strategies; for
example a climate risk
analysis needs to also be
workable for a passive
investment strategy

Source Based on a literature review and conversations held by WENR and CAS in the context of
ClimINVEST
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They reflect a range of different investor types (pension funds, asset managers, banks
and central bank) and mandates for dealing with physical climate risk.

Norway

Country-Specific Context: Norway

Physical climate risk is now clearly on the agenda of the Norwegian financial sector
(Norwegian Ministry of Finance 2018). Institutions are building capacity through
sustainability teams and Environmental, Social and Governance (ESG) integration
processes. Flooding and heavy precipitation are of immediate concern to investors
in Norway and other Nordic countries, as highlighted in CICERO’s report on flood
risk for investors (CICERO 2018a, b).

The Norwegian government has been active in raising awareness of climate
change, including physical climate risk. InOctober 2017, theNorwegian government
appointed an expert commission «Klimarisikoutvalget» to look at climate-related
risks, and their potential impacts for the Norwegian economy, which includes physi-
cal climate risk. The report was publishedmid-December 2018 (NorwegianMinistry
of Finance 2018), and highlights the need for further analysis on physical climate risk
within Norway, but also of physical impacts outside the country that can impact Nor-
way’s economy, for example via trade patterns and resource pricing. The Ministry
of Finance reports annually to Norges Bank, Norway’s central bank, on the financial
stability and financial market in Norway. These reports include climate-related risk,
in broad terms, and linkage to the TCFD recommendations and reporting.

By virtue of its ownership role, the Norwegian government sets expectations
regarding climate-related risk. The government owns the sovereign wealth fund,
managed by Norges Bank Investment Management (NBIM), and owns shares of the
Norwegian bank DNB. The government expects the companies in which it owns
shares to: (i) have a sound understanding of the risk posed to their activities by
climate change and climate policy measures; (ii) be at the forefront in climate and
environmental performance in their sector including initiatives to reduce greenhouse
gas emissions; and (iii) be well-informed of the benefits to be reaped from early
adaptation to a warmer climate (NBIM 2018).

A roadmap for green competitiveness outlines pathways forward on climate
change in the financial sector, published by the financial industry organization
Finance Norway (Finance Norway 2018). The roadmap states that climate change
has significant economic, physical and regulatory implications for the Norwegian
business sector. It provides seven recommendations regarding climate-related risk,
among them: aligning climate reporting with the recommendations of the TCFD,
increasing climate competence and capacity in the financial sector; and including
climate-related risk in the supervisory authority’s mandate.
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Norwegian banks indicate that prioritization of risks and opportunities is influ-
enced by feedback from stakeholders, strategic platforms, global development trends,
support to global initiatives, and international standards and requirements imposed by
the authorities. These are incorporated into GRI frameworks and materiality analy-
ses. Climate change is an important risk and opportunity driver in long-term strategic
thinking, including for group and industry sector business strategies. The Norwegian
government has documented expectations on climate change for theNorwegianfinan-
cial institutions in thewhite paperMeld.St.27 (2013–14) “Diverse and value-creating
ownership” (Norwegian Ministry of Trade, Industry and Fisheries 2013).

User Needs

The results presented in Table 8.4 reflect a range of different investor types (pension
funds, asset managers, and banks) and mandates on dealing with physical climate
risks. The most common information gap cited was a lack of consistent company-
level data on climate-related risks such as scenario and planning information and
links between climate risks and company financials. For physical impacts specifi-
cally, information gapswere noted on company-level water-related risks and granular
information on water stress areas.

Investors and climate researchers gathered together at theNyÅlesund Symposium
2018 held in Svalbard in the Arctic to collaborate on navigating climate-related risk.
The discussions focused on extreme events, climate scenarios, and green bonds.
Climate researchers highlighted that more extreme events as experienced can be
expected, for instance, in the summer of 2018with intense hurricanes, heat waves and
resulting forest fires. Changes in jet stream patterns could further complicate extreme
events. Discussions revealed the need for rethinking the best indicators to assess the
potential impacts of extremeevents onfinancial systems. Further, climatemodelsmay
underestimate the changing patterns of extreme events. There are observations and
model projections for physical climate impacts that could be better communicated
by researchers, with greater transparency on uncertainty (Ny Ålesund Symposium
Summary 2018).

Key Climate Information Needs of Investors

This section provides a synthesis of financial sector needs regarding physical climate
risk categorized as risk awareness, risk analysis and risk management. More specif-
ically, it focuses on the investors information needs for developing and improving
understanding of physical impacts of climate change, for qualitative and/or quantita-
tive estimation of physical climate risk and for identifying and implementing plans,
actions or strategies to reduce the implications of these risks. It reflects on the needs
from a range of different investor types (pension funds, asset managers, insurance,
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Table 8.4 Investor approaches and information gaps—Norway

The aspect of risk
decision-making

Specific user need (based
on survey results from
CICERO Climate Finance
Advisory Board +
Wallenberg project)a

Way forward

Risk awareness Information on
sustainability

• Clarify interpretation and scope
• Clarify relations to ESG, SRI
information

• Analyze limitations and trade-offs
across SDGs

Improved understanding of
climate-related risks

• Build company capacity in terms of
personnel, structure, and processes

• Offer climate risk courses and
training material

Standardization of
information

• Collaborate across climate
information providers to provide
publicly available comparison tools

More comprehensive and
detailed climate change
information, with
information on which
sources are credible

• Further research and analysis
• Communication of credible
information sources

Risk analysis Information on physical
impacts such as assessment
of impact of climate change
on real estate portfolios

• Further research and analysis to
develop more detailed data, with
less uncertainty, including
asset-level data such as company
level water-related risks

• Research on insurance coverage of
climate risk

• Third-party assessments on
physical impacts of assets

Scenario analyses, e.g.
risk/opportunity analysis
with scenarios for next
10–15 years

• Improve transparency, especially
regarding assumptions and
guidance on which scenarios to use

• Communicate information in terms
of a 10–15 year time horizon

• Improve capacity to use scenario
information, with detail on
scenario sector/company/country
impacts

Climate change indicators • Collaborative development of
relevant indicators, including for
extreme events associated with
climate change

• Improve disclosure on indicators
by companies

(continued)
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Table 8.4 (continued)

The aspect of risk
decision-making

Specific user need (based
on survey results from
CICERO Climate Finance
Advisory Board +
Wallenberg project)a

Way forward

Standards • Research and collaboration to
establish standards for
climate-related risk information
and stress-testing

Risk management Avoid high-risk
investments and reduce
high-risk activities

• Assess physical climate risk of
different activities

Collect information on
most promising
technologies on improving
resilience and climate
robustness

• Research to support preparedness
for future climate change by
building resilience to reduce risk

• Focus on resilience as a business
opportunity

Reduce risk through
distributing activity over
different locations and
sectors/technologies

• Provide information on
sectors/companies/regions and
relative exposure to climate risk

Assess robustness and
preparedness of a company

• Develop screening tools to assess a
company’s:
– Capacity to evolve
– Flexibility
– Business model viability
– Long-term perspectives

• Support disclosure of these aspects
in company reporting

aSee the list of Advisory Board members here: http://www.cicero.uio.no/en/cicero-climate-finance/
advisory-board—note that the table excludes input from the non-Nordic members of the Advisory
Board
bNorwegian institutions, plus including one Swedish financial institution
Source CICERO (2017) Shades of Climate Risk report [based onCICERO survey conducted among
the financial stakeholders on the Advisory Board of CICERO Climate Finance.]

and banks) across France, the Netherlands and Norway. Note that this synthesis is
based on inputs gained in the first stage of the ClimINVEST project and does not
provide a complete picture of all user needs amongst all different investor types.

http://www.cicero.uio.no/en/cicero-climate-finance/advisory-board
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Risk Awareness

• Introduction to physical climate risk, i.e. need for basic information that can
be shared and tailored for in-house use within financial institutions, for both
sustainability and risk managers.

• To know what information is available in the public sphere, what is reliable and
how to use it.

• Need for clearer communication on the value creation of climate change
opportunities in reducing risk.

Risk Analysis

• Data on various climate scenarios and how these will impact sectors, companies,
countries and equity markets.

• Information which demonstrates materiality of physical climate risk, identifying
cross-sectoral indicators and geographical approaches.

• Assessment of insurance gaps, i.e. information on physical climate risk that are
not covered by insurance.

• Information on how climate change, and extreme events will result in risks and
opportunities for the built environment, which may affect the bank-mortgage
lenders as well as other sectors.

• Need for a more short-term focus of the impacts of climate change (i.e. next 10–
20 years) relevant for companies and banks. This is also relevant for risk analysis
within 10 years and for strategical analysis beyond 15 years.

• Need for guidance from researchers on which physical impacts and indicators
could be important with relevant spatial detail, with a specific focus on extreme
events and water-related risks.

• Need for mapping of physical climate risks to an asset level.

Risk Management

• Need for guidance on engagement, for example a checklist on physical climate
risk to engage with companies.

• Need for clear information from researchers on uncertainty related to the
probability of physical impacts of climate change.
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Conclusion and Way Forward

This chapter has highlighted how the financial sector deals with physical climate
risks and the specific climate information needs of investors. These needs relate to:
(i) a need for in-house capacity building and training within financial institutions on
physical climate impacts to increase risk awareness; (ii) a need for better tools and
metrics to assess how climate changes, including increases in flooding and extreme
weather events, and associated physical impacts that affect assets in specific sectors,
markets and locations; and (iii) a need for guidance and information to better engage
with companies on climate-related risk.

To develop tailored climate services, it is essential to convene climate change
researchers and financial decision-makers to facilitate investor’s decision-making on
climate-proof investments and build public understanding of climate-related risks.
The user needs identified in this synthesis underscore the importance of collaborative
efforts between research and finance on improving climate-related risk information.
Specific ways that the ClimINVEST project will support these needs include: (i)
building capacity on climate-related risk through tailored courses and training mate-
rials; (ii) co-designing information on relevant indicators for climate change and
associated physical climate impacts in the next 10–15 years, and iii. developing
guidance on how to engage with companies.

The ClimINVEST project team collaborates with financial institutions in France,
the Netherlands and Norway in a series of science practice labs to co-design trans-
parent and publicly available information and methodologies based on open-access
data. Based on this synthesis, the first round of ClimINVEST science practice labs
focuses on: (i) bank lending to SMEs in France; (ii) the built environment in the
Netherlands; and (iii) extreme events/flooding in Norway.
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Chapter 9
Public-Private Cooperation for Climate
Adaptation—Providing Insurance Loss
Data to the Municipalities

Åshild Lappegard Hauge, Cecilie Flyen, Christoffer Venås, Anne Kokkonen
and Carlo Aall

Abstract This chapter discusses experiences from public-private cooperation for
climate services providing insurance loss data (fromweather related damage) on asset
level for Norwegian municipalities.‘Insurance loss data’ display insurance adjust-
ments on address level after nature hazards. The chapter compiles results from three
successive studies performed in the period from 2013 to 2018. The studies examined
the utility value of insurance loss data for 10 municipalities and investigated the
attitudes in the 8 largest Norwegian insurance companies for sharing such data. The
findings demonstrate that insurance loss data on asset level can improve municipal
understanding of both current and future climate risks, and thus improve the effect
and quality of measures to prevent and adapt to such risks. However, with respect to
data quality, precise time and place for damage occurrence is essential. With respect
to data availability, it is essential that the insurance companies are willing to share
loss data with municipalities working with mitigation of risks. Commercial sensi-
tivity is important for the companies, and therefore only restricted entities should be
allowed access to the data. The insurance companies also stressed their responsibility
for protection of privacy for their customers. Finding solutions to the data access and
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privacy is up to national authorities. As a direct follow-up of the findings and the
recommendations from the studies, The Norwegian Directorate for Civil Protection
and Finance Norway are cooperating in developing a climate service called ‘knowl-
edge bank’ for compiling and providing access to data on natural hazard events. The
knowledge bank is relating to both current and future climate, strengthening munic-
ipalities in their work on risk prevention, and climate change adaptation. Loss data
from insurance companies are one type of data they are including.

Introduction

Responding to Climate Change

Climate scenarios for Norway, as for many of the other Nordic countries, warn
of more frequent and intense precipitation. Climate change may lead to increased
risk of weather-related natural hazards, such as landslides, floods and stormwater
events (Hanssen-Bauer et al. 2015). Natural hazards are most commonly linked to
extreme weather events, but risks of natural hazards can also be influenced by ‘non-
extreme’weather (Aall et al. 2015). Statistics fromFinanceNorway show that nature-
and stormwater damages in Norway have doubled since 2008.1 Climate forecasting
indicates that the risk of damages as well as damage costs will increase further (IPCC
2018), unless private aswell as publicmeasures are implemented. The costs of natural
hazards in the built environment are expected to increase due to urbanization and
densification.

As opposed to developing countries, adaptation to climate change in developed
countries has often been anticipated as largely unproblematic (Eriksen et al. 2009).
Research does however show that developed countries also have vulnerabilities to
climate change, due to both exposure and lack of adaptive capacity (O’Brien et al.
2006; Eriksen et al. 2009). Many developed countries may not be well prepared
for changing climatic conditions including more extreme events caused by global
warming (O’Brien et al. 2006; IPCC 2018).

O’Brien and Sygna (2013) have introduced a framework for climate transforma-
tion that recognizes three different spheres of barriers and drivers for change; (1)
the practical (technical and behavioural responses), (2) political (systems and struc-
tures), and (3) personal (beliefs, values, worldviews, and paradigms). The spheres are
embedded within one another, and transformations in any of the spheres may facil-
itate changes on other spheres. The framework illustrates the importance of more
than technical solutions for climate adaptation to happen. The research presented in
this chapter is looking especially at the political sphere, with a focus on the meaning
of insurance and insurance loss data for climate adaptation.

1https://www.finansnorge.no/en/statistics/non-life-insurance/. Read on January 17th 2019.
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Local governments are asserted as essential in lowering the societal vulnerability
to climate change, yet many local authorities may lack institutional capacity or have
difficulties gaining coordination among departments (Flyen et al. 2017; IPCC 2018).
Institutional resources, for instance within municipal planning and engineering, are
critical to the capacity to adjust to local climate challenges (Tompkins and Adger
2005; Næss et al. 2005). Lisø and Kvande (2007) emphasize the need for adap-
tive adjustments to climate change related issues in municipal planning, supervision
and development of policy instruments. However, as local knowledge on climate
challenges and climate change is often informal and undocumented (Eriksen et al.
2009), it will be important to develop more thorough and accessible documentation
for municipalities. Further, inadequate municipal development of statutory risk and
vulnerability analyses is an obstacle to create a society well prepared for worsening
climate conditions (Flyen et al. 2014;Almås 2013;Aall et al. 2011).Næss et al. (2011)
have noted the importance of more comprehensive collaboration between research,
private industry and public sector at all levels. Even if there is considerable (infor-
mal) local knowledgepresentwithin local authorities’ administrations,municipalities
require assistance and climate services to achieve the level of knowledge necessary
to prepare suitable climate adaptive measures and policy instruments. Especially the
small municipalities lack the resources to gain knowledge on adaptation and need
services from outside (Flyen et al. 2017).

Insurance Loss Data as Part of Climate Services
for the Municipalities

“Climate services” denotes services helping stakeholders in decision making pro-
cesses related to climate adaptation. This covers most forms of knowledge distri-
bution and information about climate change (tools, data, documents, maps, web-
pages, social networks etc.), targeting decision-makers at all levels (Vaughan and
Dessai 2014). Thus, climate services are aiming at obtaining well-informed strat-
egy development and decision-making aiming at reducing the exposure of society
to climate-related natural hazards, in addition to increasing the capacity to deal with
natural hazard events. Unfortunately, public stakeholders often evaluate vulnerabil-
ity by using fragmented and incomplete data sources (Labonnote et al. 2019). An
important type of data not yet fully utilized is insurance loss data (claims data).
‘Loss’ is defined here as follows in a glossary of insurance terms developed by the
US National Association of Insurance Commissioners:2 ‘Physical damage to prop-
erty or bodily injury, including loss of use or loss of income’ after nature events
such as floods or landslides. These losses to individuals are registered and calculated
by their insurance companies. In other words, loss data is damage information on
address level, gathered by the insurance companies concerning their customers.

2https://www.naic.org/consumer_glossary.htm#L. Read on January 4th 2019.

https://www.naic.org/consumer_glossary.htm#L
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InNorway, almost 100%of private properties are covered by insurance against loss
or damage (nonlife insurance), and 80% of the building stock is in private ownership.
Thus, Norway has one of the most comprehensive insurance arrangements in Europe
regarding compensation for damage to buildings caused by natural hazards (Opach
and Rød 2018). The Natural Perils Insurance Act (JBD 2018) §1, state that “things in
Norway insured against fire damages are also automatically insured against natural
hazards”. A part of the insurance premium is automatically transferred to TheNatural
Perils Pool. Thus,most privately ownedbuildings are covered against natural hazards.
All insurance companies that sell fire insurance in Norway subscribe to the Natural
Perils Pool arrangement. It is natural to assume that this diminishes or eliminates the
competition between them. Rød (2013) maintains that due to this, restrictions on the
availability of insurance-compensation data are less important.

Norway would benefit greatly of providing loss data as a climate services for
the municipalities. The wide insurance coverage makes Norway a suitable case for
studying how to use loss data to improve climate change prevention measures.

Compilation of Three Studies on Insurance Loss Data

The realization of the meaning of insurance loss data for the municipalities and
governmental organizations to deal with impacts of climate change, has resulted in
three research studies involving the finance industry organization Finance Norway.
The organization represents 240 financial companies with 50,000 employees, and it
advocates the views of the industry towards public authorities and various groups in
the Norwegian society.3

This book chapter is a compilation of the results from three successive studies
conducted between 2013 and 2018, examining the utility value of attaining access
to insurance loss data for the case of 10 municipalities. In two of the studies, chosen
Norwegian municipalities were provided with insurance loss data (climate-related
damage) on asset level, to improve the quality of their work on mitigating economic
loss from natural hazard events. The last study investigated attitudes towards sharing
such data among the management of the 8 largest Norwegian insurance companies.
Until now, there has been limited financial support and fragmented research on insur-
ance and loss data for climate adaptation in Norway. However, the research centre
Klima 20504 gave an opportunity to see the fragmented research in connection, and
to write about the total results of this public-private cooperation.

3https://www.finansnorge.no/en/about-finance-norway2/. Read on January 16, 2019.
4www.klima2050.no.

https://www.finansnorge.no/en/about-finance-norway2/
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Aims and Limitations

Based on the three studies on insurance loss data as a climate service, the paramount
research questions were:

1. What is the utility value of attaining access to insurance loss data for Norwegian
municipalities?

2. What are the attitudes among managers/directors in Norwegian insurance
companies to sharing loss data with municipalities?

The studies focused on loss data from private insurance companies. Insurance
loss data is case specific information on building damage caused by natural hazards
and impacts of climate/climate change. The studies did not go into depth concerning
insurance of municipal facilities or public properties.

Due to the qualitative nature of the study, the research has constraints related
to the number of participating municipalities, however, the study represents both
small and large municipalities. International comparison would be important for
developing knowledge on the topic. There has not been time and budget for this type
of extension in the projects, but these are important issues for further research.

Empirical Background and Existing Research5

Insurance in Norway

The Norwegian Natural Perils Pool is aiming at compensating damage caused by
natural perils and to contribute to protective measures against such perils by the
Act on Natural Hazards. The Pool administers a twofold compensation scheme for
damages caused by defined natural perils on objects.6 Which of the schemes to
apply for compensating damage depends on whether the object is insurable (i.e.
is suitable for fire insurance) or not. All buildings and movable property insured
against fire damage are automatically insured against damage by natural perils if
the damage in question is not covered by other insurance (e.g. motor insurance and
other forms of comprehensive insurance schemes). This follows from the Act on
Natural Perils Insurance (JBD 2018). All insurance companies insuring the above-
mentioned objects in Norway are participants in the Norwegian Natural Perils Pool.
The Pool’s scheme ensures compensation for damage incurred by natural perils.
The Natural Perils Insurance Act does not include motor vehicles, boats, ships,
roads, railways, etc.: compensation in such cases depends on the individual annual
insurance coverage specified for these items. Claims for damage to objects unsuitable

5Parts of this literature review has been presented in Hauge et al. (2018a, b).
6https://www.naturskade.no/en/naturskader-og-erstatning/compensation-schemes/. Read on Jan-
uary 4th 2019.

https://www.naturskade.no/en/naturskader-og-erstatning/compensation-schemes/
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for fire insurance may be compensated by the Norwegian National Fund for Natural
Damage Assistance, which can provide compensation for damages to objects that
cannot normally be insured against damage by natural perils by means of ordinary
insurance schemes. The decisive point is whether the object could have been insured,
not whether it actually was insured. Many municipalities are self-insurers, as is the
Norwegian State, and are not covered by theNatural Perils Pool. Somemunicipalities
have however chosen to ensure parts or all of the building stock through insurance
companies to avoid losses due to natural hazards.

The Norwegian Natural Perils Pool has administered this arrangement, and thus
also collected loss data, since 1980. Damages to private property due to pluvial
flooding are also included in the property insurance. Pluvial flooding, however, is
not considered a cause of natural hazards, and is therefore not part of the definition of
natural perils under this arrangement. Statistics collected by Finance Norway from
their insurance members demonstrate that costs of pluvial flooding are about 3.5
times as much as the costs due to riverine flooding.7 These losses are also covered
by property insurance but have been the source of increasing concerns for future
climate scenarios, involving more frequent heavy precipitation.

The last decade, more frequent events with heavy precipitation have been lead-
ing to an increase in damages and insurance claims. In addition, water and sewage
infrastructures worn over time, add to the severity, extent, and impact of the damages.
Repetitive damage in the same location, and questions of apportionment of liability,
has led to frustration among local policyholders. Focus and arguments around cause
and liability, as well as several Norwegian Supreme Court decisions have escalated
tensions between urban municipalities (in particular) and property insurance compa-
nies as the cost of pluvial flooding continues to rise. In Norway, in the last ten years,
insurance companies have paid annual compensation of around NOK 2 billion for
damages to insured buildings caused by urban and river flooding. This represents a
114% increase from 2008 to 2017.8 Prevention measures are urgent.

Insurance Loss Data in European Climate Policies

Use of loss data for better decision-making in climate change adaptation and disaster
risk reduction is central to fulfilling the obligations of the Paris Agreement9 and
the Sendai Framework for Disaster Risk Reduction.10 To support these agreements
from the United Nations (UN), the Organisation for Economic Co-operation and
Development (OECD)11 has pointed out the need for private–public co-operation, and

7https://www.finansnorge.no/en/statistics/non-life-insurance/. Read on January 17th 2019.
8https://www.finansnorge.no/en/statistics/non-life-insurance/. Read on January 4th, 2019.
9https://unfccc.int/sites/default/files/english_paris_agreement.pdf. Read on January 4th, 2019.
10https://www.unisdr.org/files/43291_sendaiframeworkfordrren.pdf. Read on January 4th, 2019.
11http://www.oecd.org/daf/fin/insurance/OECD-Recommendation-Disaster-Risk-Financing-
Strategies.pdf. Read on January 4th, 2019.

https://www.finansnorge.no/en/statistics/non-life-insurance/
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promotes the development of technologies and expertise in monitoring and assessing
disaster risks by government. The OECD emphasizes the importance of including
the private sector and non-governmental organizations, the scientific and academic
communities, and taking advantage of private-sector capability and expertise in the
development of risk assessment and exposure models.

A Science and Policy-report was issued by the European Commission Joint
ResearchCentre on the current recording of loss data in theEUmember states, aiming
at providing evidence-based scientific support to the European policy-making pro-
cess on disaster risk reduction. The authors state that the capacity of developing and
developed societies to carry such losses is limited (de Groeve et al. 2014). Further,
there is little awareness that estimates of future losses are hampered by low-quality in
historical loss data. One solution stated by de Groeve et al. (2014), is to measure and
describe losses better. Their recommendations also include: sharing experiences from
operational data collection (local-level assessment and recording, aggregation pro-
cess, uncertainty measures); exploring various tools and recently developed methods
(e.g. economic loss accounting methods, sampling, remote sensing); and, comparing
and harmonizing different structures of loss databases and their indicators. DeGroeve
et al. (2014) emphasise the need for further exploiting the potential of insurance as
an incentive for risk reduction.

InMarch 2018 the EuropeanCommission published itsAction Plan on “Financing
Sustainable Growth”,12 following the recommendations of the final report by the
High-Level Expert Group on Sustainable Finance,13 Task Force on Climate-related
Financial Disclosures (TCFD). The expert group recognizes that the financial system
has a key role in addressing the challenges of climate change and address the need
of for a comprehensive shift that foster transparency and long-termism. The shift
should be aiming at reorienting private capital flows towards sustainable investments,
including resilient critical infrastructure, andmanagingfinancial risks stemming from
climate change. The insurance sector can play an important role as an absorber of
risk and provider of risk expertise. The TCFD-report (p. 40) states that the financial
sector should:

• develop broadly accepted methodologies, datasets, and tools for scenario-based
evaluation of physical risk by organizations, and;

• make datasets and tools publicly available and provide commonly available
platforms for scenario analysis.

12https://ec.europa.eu/info/publications/180131-sustainable-finance-report_en. Read on January
4th, 2019.
13Recommendations of the Task Force on Climate-related Financial Disclosures: https://www.
fsb-tcfd.org/wp-content/uploads/2017/06/FINAL-TCFD-Report-062817.pdf. Read on January 4th,
2019.
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Existing Research and Experience on Public Access to Private
Insurance Loss Data

Regarding the use of loss data for climate change adaption, frameworks for cooper-
ation between private insurance companies and municipal or governmental organi-
zations still need further research (Zhou et al. 2013). Both parties have a potential
advantage of collaboration, according to deMoel et al. (2009), and points out Austria
as an example. In Austria, there is some collaboration between the central govern-
ment and the insurance companies regarding flood maps for awareness raising and
determining insurance premiums. There has also been some examples of collabora-
tion in France and theUK. In France, researchers inMissionRisquesNaturels (MRN)
are also working on the use of insurance data for damage prevention.14 In some of
the cantons in Switzerland, where there is a public monopoly insurer for damages
caused by natural hazards, this monopoly insurer often have rights to participate in
disaster protection and land usage planning (Schwarze et al. 2011). After the heavy
cloudburst in Denmark in 2016, all Danish municipalities were given the possibility
to get free access to the Danish insurers’ cloudburst data for their ownmunicipality.15

The motivation for offering the data was to give the municipalities a better decision
basis in the required work on climate adaption plans for the municipalities.

For Norway, most of the research on loss data has been conducted to show that this
data might be valuable for municipalities in climate change adaption, like the devel-
opment of geo-visualization tools from the national natural hazard damage data.
In the national “NASK register”,16 the compensations from Norwegian insurance
companies for losses caused by extreme events as storms, floods landslides, storm
surges, volcanic eruptions, and earthquakes, are registered. This data has been used
in the development of ViewExposed,17 a decision-support tool for local planners
(Opach and Rød 2018), and of ClimRes,18 a dashboard visualisation tool aiming at a
user-friendly presentation of the damage data. For ViewExposed, the historical dam-
age data was used for valuation of the integrated vulnerability index model that was
also developed in the project. This vulnerability assessment enabled a ranking of the
vulnerability of all Norwegian municipalities. The integrated assessment included
exposure assessment of three natural weather-related hazards, and it was found that
the exposure indices for landslide and storm correlated well. The flood exposure
indices did not correlate well. The ClimRes had a more bottom-up approach, using
only the historical damage data from the NASK register, in addition to water intru-
sion damage data due to pluvial flooding, that is available in the VASK register.19

The previous experience (from ViewExposed) was that using exposure indices and

14http://www.mrn.asso.fr/publications/les-rapports-detudes/page/2/. Read on January 7th, 2019.
15https://www.forsikringogpension.dk/media/2370/skybrudsskadedata-2016.pdf. Read on January
7th, 2019.
16https://nask.finansnorge.no/hendelser.aspx. Read on May 6th, 2019.
17http://folk.ntnu.no/opach/tools/viewexposed/. Read January 16th 2019.
18http://folk.ntnu.no/opach/tools/climres/. Read on May 6th, 2019.
19https://vask.finansnorge.no/. Read on May 6th, 2019.

http://www.mrn.asso.fr/publications/les-rapports-detudes/page/2/
https://www.forsikringogpension.dk/media/2370/skybrudsskadedata-2016.pdf
https://nask.finansnorge.no/hendelser.aspx
http://folk.ntnu.no/opach/tools/viewexposed/
http://folk.ntnu.no/opach/tools/climres/
https://vask.finansnorge.no/
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assessing the municipals vulnerability led to discussions about the applied methods
rather than prevention measures. By only using the historical damage data as “objec-
tive facts”, the aim was that a user-friendly spatial and temporal visualization would
facilitate discussions in the municipalities about their preparation and adaptation for
climate change-related events.

Torgersen (2017) also analyzed loss data in a case of a Norwegian municipality.
He used data from the national “VASK register”, where the insurance companies
have registered water-related claims since 2008. Torgersen examined the correla-
tion between the registered claims in the municipality and the precipitation data
by using Principal Component Analysis. He also used Partial Least Square Anal-
ysis to investigate characteristics of the surroundings of houses on the exposure to
urban floods. Torgersen (2017) studies show how greater data availability and coop-
eration among insurance companies, municipalities, and researchers can give new
insights and improve traditional solutions. Thus, access to a higher-quality damage-
data together with more research might spur knowledge-based implementation of
flexible and sustainable measures to reduce the risks of urban flooding.

The valuable insights that can be obtained from analyzing insurance data, for
explaining the variables of surface flooding events, is also investigated in the inter-
national systematic review article from Gradeci et al. (2019). The literature review
shows that there has been published research literature on insurance data and anal-
yses of flooding since 2000, and that the number of articles drastically increased
from 2010. Even though there have been several research articles published since
2016 on the development of models from insurance loss data, these only include
models for a few countries: Canada, Denmark, France, Germany, Netherlands, Nor-
way, Portugal, Spain, Sweden, Switzerland, UK, and USA. These papers show that
using innovative methods and developing models on loss data can be profitable for
the municipalities in the planning of climate risk reduction. However, they do not
consider in-depth the abilities of themunicipalities to apply newmethods andmodels
in practice, investigate the cooperation needed between the private companies and
the public organisations or look at the challenges regarding public sharing of the loss
data. Bernet et al. (2017) points out that because of confidentiality, insurance loss
data are difficult to collect from insurance companies. The data itself is often also
spatially and temporally aggregated and lack precise data for the specific damage
incidents. Insufficient loss data will make it difficult to model surface-water flooding
events (Spekkers et al. 2013; Bernet et al. 2017; Torgersen 2017). Thus, there is a
large research gap on public-private cooperation arrangements of access to insurance
loss data.

Insurance Loss Data as a Climate Service

Climate service is the process of transforming existing knowledge and informa-
tion into tailored products, services or tools to support decision makers in climate
adaptation (Vaughan and Dessai 2014; WMO 2011; Hauge et al. 2017). Vaughan
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and Dessai (2014) highlights three aspects of this process: the generation, provi-
sion and contextualization of the information. In the current studies, the provision
and contextualisation of loss data from insurance companies to the municipalities is
investigated.

In much of the climate service literature, the insurance industry has been seen
mostly as a potential climate service user, and not as a climate service provider (WMO
2011; Hattermann et al. 2018; Soares et al. 2018; NRC 2009). WMO (2011, p. 60)
underlines the need of socio-economic information on the national and community
level, in addition to climate information from climate research, for developing and
implementing efficient climate services. This information is crucial for assessing
vulnerabilities and risks in the communities. The insurance industry is pointed out
byWMO (2011) as a main potential contributor from the private sector for providing
important economic information. According to Street et al. (2018), there is a critical
lack of available data related to damage and losses caused by extremeweather. Filling
this gap is important to get effective climate services that can support disaster risk
reduction.

Locally based instruments and tools for the municipal planning is crucial for
climate adaptation (Flyen et al. 2017). Decision support products, services or tools
should be tailored to the user needs for specific situations (Meadow et al. 2016;Miles
et al. 2006; Street et al. 2015; Schwab and Storch 2018). In addition to user needs, the
decision support tools should link information producers and users, and build connec-
tions across disciplines and organizations (NRC 2009). Vaughan and Dessai (2014)
argue for co-production of climate services with all stakeholders involved. User eval-
uation is important to improve climate services. Internalisation of knowledge will
enhance the contextualization of climate services (Hauge et al. 2017; Meadow et al.
2016), Hauge et al. (2018a, b) promotes learning in groups and networks as a way
of improving climate services in the municipalities.

Environmental Psychology Contributes to Explain Efforts
Towards Climate Change Adaptation and Mitigation

In the search for relevant research, little has been found on changes in attitudes on
sharing of insurance loss data or co-operation arrangements/ frameworks for sharing
of loss data.At this, research on changes in attitudes towards climate and environment
in general is described here.

Within environmental psychology, social psychology theories are often used
to explain challenges encountered by individuals and groups in terms of human
behaviour, perceptions, and motivations in the face of climate change (Clayton et al.
2016;Goldstein et al. 2008).Anenvironmental psychologyperspectivemay therefore
contribute in explaining changes in attitudes and efforts towards climate adaptation
and mitigation. Stoknes (2015) recommends a focus on social strategies for commu-
nication in climate-related contexts, which harnesses the power of social networks
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and norms. People look to others to find out how they should behave. Social norms
represent the summed knowledge (imagined or real) of what others would say or
do in your situation. Even if many people state that the actions of their peers have
little effect on their own habits concerning the environment, research indicates the
opposite (Stoknes 2015; Sussman and Gifford 2013). Within a network, or between
networks, people compete to perform better than their peers. People are not only try-
ing to imitate or achieve the same as their peers, but also to outdo them (Griskevicius
et al. 2010). These same status- and competition-related mechanisms may also be of
importance in sector groups, where members may attempt to impress one another.
People try to avoid social exclusion and social sanctions and need to be seen and
praised for the good they do. Praise from other members in their group strengthens
their attitudes and values (Cialdini and Goldstein 2004). Membership in a group
of climate change adaptation experts strengthens individual members’ identities as
persons who care about climate change adaptation. Our attitudes are profoundly
influenced by the groups that people want to belong to—the groups we recognize
as high-status groups (Klöckner 2015; Tajfel 2010). Social networks appear to be
central to ensuring that climate services are being used and developed (Hauge et al.
2017).

Methods Applied in the Three Referred Studies

Study 1—Pilot Project About Testing of Loss Data
from the Insurance Industry for an Evaluation of Climate
Change Vulnerability and Prevention of Climate Related
Natural Hazards in Selected Municipalities

The first research study is the initial pilot testing of insurance loss data in municipal-
ities from 2014, published academically in a Norwegian publication (Brevik et al.
2014) in addition to one international conference paper (Ebeltoft and Aall 2016). The
research project was initiated by Finance Norway in 2013 and was carried out by the
research partners Western Norway Research Institute and the Geographical Insti-
tute at NTNU (Norwegian University of Science and Technology). The project’s
overall goal was to assess whether having access to natural hazard insurance loss
data could strengthen municipalities’ capacity to prevent and reduce climate-related
losses. Specific goals were to: (1) Identify possible advantages of having access to
natural hazard loss insurance data; (2) outline the structure of a future system to
use natural hazard loss insurance data; and (3) contribute to strengthening the trust
between municipalities, state agencies and the private insurance industry on matters
concerning the prevention and reduction of climate-related natural hazard losses.

Insurance loss data for the municipalities was provided by 8 insurance companies
to 10 pilot municipalities. The focus of the project was on the damages related to
sewer backup and surface water runoff.
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The testing in the municipalities was documented in three manners: By a survey,
from notes reported from the municipalities, and by interviews at the end of the
project. The survey was distributed early in the testing period, to draw the munici-
palities’ attention to the main research questions of the project. Another aim was to
document the early phase challenges of importing and testing of the data (geocoding).

The notes came from 4 partners representing 5 municipalities. In the notes, the
municipalities document the tests and analyses they had performed, with empha-
sis on their experiences with geocoding of data, evaluation of the data value, and
recommendations formaking the datamore useful for themunicipalities in the future.

The interviews took place at the end of the project period and involved the project
manager in each of the 10 municipalities.

Study 2—Status and Possibilities in the Use of Loss Data
in the Work with Climate Change Adaptation

The Norwegian Environment Agency ordered a report from Western Norway
Research Institute as a sort of follow-up of the above-mentioned project. The
report was published in Norwegian in 2017 (Aall et al. 2017). The first part of
the project consisted of a systemization of available statistics about natural damage
data on roads, railway, buildings, water and sanitary infrastructure, electrical grid,
telecommunication infrastructure, maritime infrastructure, and agricultural property.

The second part of the study consisted of results from three qualitative inter-
views of citymunicipality employees. Themunicipalitieswere chosen from a climate
change adaption network run by the Environment Agency. Through the participation
in the network (after the initiative from the pilot that started in 2013) these munic-
ipalities had gained access to loss data from the insurance industry. The intention
was to use the data in planning and decision processes in the municipalities. It was
important both to assess the actual need of the data, based on the municipalities’
experiences, and to document limitations in the existing data, in order to develop
recommendations for a successful implementation of the data.

Study 3—Attitudes in Norwegian Insurance Companies
Towards Sharing Loss Data

The third study aimed to collect and explain attitudes towards Norwegian insurance
companies on sharing loss data, and to reveal the imperative requisites to obtaining
such sharing of loss data. The findings are reported in an English report (Hauge et al.
2018a, b). The findings are based on qualitative interviews of 15 informants in the
8 largest insurance companies in the country, with both oral and written answers.
In the invitation for research interviews, honest and open replies were requested, to
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ensure a reliable result of the study so that the study could help to indicate to the
public authorities what to expect for sharing of loss data. Two companies chose to
answer the interview guide via email. The other interviews were conducted face to
face, recorded, transcribed, and translated. All texts were thematically categorized,
themes and meanings were subsequently sorted into groups, analysed and discussed.
All information is thoroughly anonymized.Whenworkingwith the analysis, themost
typical and clear quotations were selected to illustrate the findings. Some quotations
from the interviews have been simplified or slightly rephrased, however with a focus
on preserving the meaning of the statements.

Interviewees were managers and technical staff from the eight largest insurance
companies in Norway, and most of the informants were men.

Results

Study 1—Pilot Project About Testing of Loss Data
from the Insurance Industry for an Evaluation of Climate
Vulnerability

Insurance companies hold essential loss data on asset levelwhich can improvemunic-
ipal understanding of climate risks. Access to the natural hazards data of insurance
companies was found highly useful, for smaller as well as larger municipalities.
Notes from one of the municipality-interviews:

The loss data is to a great extent new for the municipality, and they have clear expectations to
use the data to identify vulnerable areas theymight not be aware of.Many of the cases that are
part of the insurance data set are damages outside of the municipality’s direct responsibility,
and therefore not registered in themunicipality. Themunicipality is also interested to proceed
with the use of the data, however this depends on the data being geo-referred in a more
effective way. (Municipality 1)

The main conclusion of the project is that providing Norwegian municipalities
with access to the natural hazards loss data of insurance companies is of great use to
the municipalities. Such a measure could potentially strengthen the preventive effort
of municipalities with regards to natural hazards in the following ways:

• Generally:

– Basis for better collaboration with the insurance sector and within the munici-
palities;

– New insights into climate risks;
– Improved understanding of how climate change may affect society.

• Land-use planning:

– Improved knowledge base for localization of future development areas in order
to select the areas with the lowest possible risk of natural hazards;
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– Improved knowledge base for the prioritization of preventive measures.

• Construction and maintenance of water and sanitation:

– Improved knowledge base for prioritizing management, maintenance, rehabili-
tation, and reinvestment;

– Improved knowledge base for collaboration betweenmunicipal water/sanitation
and planning units.

• Public infrastructure in general:

– Improved knowledge base for prioritizing preventive measures;
– Improved knowledge base for risk and vulnerability analyses.

A nationwide database on loss due to natural hazard events could serve to boost
trust and improve collaboration between municipalities and insurance companies,
and within municipalities. The pilot project also showed that access to such data
could provide new insights into previously unknown climate risks and strengthened
suspicions of identified risks that had not been confirmed.

Another important question was whether municipalities have the institutional
capacity and competence to make full use of the loss data, and, more importantly,
whether getting access to such data would actually lead to higher prioritizing by the
municipalities in terms of preventive efforts to reduce damage due to natural hazards.
The project documented that Norwegian municipalities, small or large, may benefit
from access to natural hazards data, regardless of whether they use advanced GIS
tools. Still, a minimum of local interest and willingness to prioritize prevention of
natural hazards must be in place.

The project documented that the quality of the natural hazard loss data need to be
improved, especially in two areas:

• Information about when the damages occurred, as opposed to the time when the
damage form was completed;

• Better information on where damages occurred. The damages must be related to
an actual address or stated in the form of GPS coordinates, ideally also the altitude
above or below ground.

Notes from one of the municipality interviews:

Municipality X emphasized several aspects that reduced the usability of the loss data. On one
side, the amount of nature damages was relatively low, and it was difficult to connect these
to climate/ water. One the other side, many of the damages lacked classification; they were
coded with “cause unknown”. Altogether, only 30% of the data were possible to geo-locate
with cause code. Even less, 9%, were considered to be climate related. (Municipality 10)

Therefore, a common standard for reporting damages needs to be developed.
Supplementary measures are also needed, such as information, attitude change, and
governmental requirements. Having a database of the damage data would not, in
itself, lead to any changes.
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Study 2—Status and Possibilities in the Use of Loss Data
in the Work with Climate Change Adaption

A part of the study was done to detect the status of usage of loss data in the work
with climate change adaptation. This recent study, conducted at the request of the
Norwegian Environment Agency (Miljødirektoratet), investigated municipal needs
for loss data. The report presents previous research in the area and an overview over
existing sources of natural hazard damage data. The two databases of potentially the
greatest interest for municipalities were found to be those reporting compensation
from insurance companies for water damages (Vannskadestatistikken, VASK20), and
natural damages statistics (Naturskadestatistikken,NASK21). They are both available
from Finance Norway, and has previously been applied in analysing vulnerability
to damages caused by water and natural hazards. According to Aall et al. (2017),
these databases might serve as a good starting point for reporting damage data, but
municipalities need a higher data quality. The damages must be correctly speci-
fied and categorized; also, higher geographical resolution on the data is necessary.
Today, such data are available only on the county and municipality levels for the
municipalities.

The report includes interviews with key personnel from three municipalities that
participated in the study by Brevik et al. (2014) and that have been working with
damage data in connectionwith climate change adaptation since then. The interviews
confirm the usability of the data, but still some challenges are pinpointed in the notes
from the interviews:

Municipality X characterizes the data material as a useful supplement to other data sets they
have. The use of these data in planning processes have been a bit random. The use includes
area plans and smaller regulation plans where the municipality is developer. In municipality
Y they have used the data in ongoing planning processes mostly as supporting data, through
using the loss data as a static map-layer they may employ when needed. (…) In municipality
Z they see the use of the loss data in planning processes, but they have experienced the data
quality as a barrier.

These interviews confirm that high geographical resolution is needed to get valu-
able results from damage data, whether on the address or the GPS-coordinate level.
Notes from the interviews with the municipalities who have had access to loss data
the latest years:

Lack of geographical precision in the loss data material is a challenge all the interviewees
mention. The consequences were both increased administrative costs and that a part of the
data set had to be deleted. Neither municipality X nor municipality Y expressed a need for
competence and software. However, municipality Z had bought a new software to handle the
loss data set. They all mention that a good geo data-department is a premise for handling the
loss data from the insurance sector.Mostmunicipalities, except the largest citymunicipalities
in the country, will likely lack relevant competence and software.

20https://vask.finansnorge.no/. Read on January 21st, 2019.
21‘Natural damage’: damage directly caused by a natural event such as landslide, avalanche, storm,
floods, storm surge, earthquake or volcanic eruption. https://www.naturskade.no/en/information/
act/ Read on January 21st, 2019.

https://vask.finansnorge.no/
https://www.naturskade.no/en/information/act/
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All three municipalities were large and urban municipalities, and all informants
mentioned that a precondition for handling damage data from the insurance industry
was a functioning geodata department in the municipality. For most municipalities
in Norway, however, such competence is lacking. On the other hand, the informants
generally maintained that if data quality is high, damage data will give possibilities
to improve the knowledge about why, how, and when damages occur, and to help
prioritizing the right measures. To some degree, all three municipalities report the
advantages of using damage data, and one informant was certain that this benefit is
important. One of the informants stated:

The loss data do not solve problems. Loss data are something that give opportunities to
increase the knowledge on why, how, and where the damage happens. This may be an
indicator on the problems that occur. This knowledge is important, but first, the data must
be good, easy to use, and trustable.

Study 3—Attitudes in Norwegian Insurance Companies
Towards Sharing Loss Data

All except one of the companies said in the interview study that they were willing
to share their loss data on asset level, and most of them said that they were positive
towards this. After the publication of the report, and the media-attention it provided,
the last company changed their mind, and stated that they were positive towards
sharing. Some of the interviewees claimed that their view was contingent on the
presence of a sector-wide positive attitude for sharing (as seems to be the case). Most
of the interviewees preferred an establishment of a requirement to share loss data.
However, theirwillingness to share data depended on the processing andmanagement
of the data.

We are interested in sharing data because we have a genuine belief in a future-oriented,
sustainable society, where we are a voice in the society: in the local communities and in
the society at large. To contribute in a wise way. For us, this will involve limiting damages
and all the things that are the ideal here. Definitely. But there is also the risk of sharing data
with competitors. And there are the risks associated with protection of personal privacy,
anonymization and things like that. These problems will have to be dealt with. (Company 1)

Even if they were willing, some were sceptical to the value of sharing their loss
data. They said that the problem regarding prevention measures was a question of
other needs than themunicipalities’ need for loss data. Theymaintained that technical
personnel in the municipalities know what they ought to do, but they cannot get the
politicians to set aside necessary funding. Further, thatmunicipalities already possess
considerable information that they do not utilize.

The question is if there are there other ways of doing this that will generate the same benefits?
With less risk, fewer problems with technical issues, personal privacy, security etc., but that
can generate the same benefit for the municipality or county. (Company 8)



9 Public-Private Cooperation for Climate Adaptation … 173

All the companies demanded that their loss data should not be made available
to other rival companies. If other insurance companies had access, it might lead to
price-fixing cartels and lack of competition. Several companies feared that foreign
companies would gain easy access to the Norwegian market if they could obtain such
loss data. Price is the most central element of competition in the insurance market.
Log-in procedures and other means of protection were therefore extremely important
to the companies. If too many stakeholders can obtain access to the data, filtering out
undesirable use will become difficult. Access should be granted only to stakeholders
who can utilize the loss data for prevention and climate change adaptation purposes.

The insurance industry – it’s a game between the companies, to be best in predicting damages.
And since historical loss data is a very important parameter for predicting who will get
damages, we, as a big company, don’t want to share this with many small ones. This is a
crucial point for us whenever we share data, that the information does not fall into the hands
of our competitors. But apart from that, we are always positive to sharing information that
can generate benefits for the society. (Company 4)

All companies were concerned with the protection of privacy. Several mentioned
the implementation of theEUGeneralData ProtectionRegulation 2016/679 (GDPR),
that entered into force in May 2018. They had difficulties in understanding that shar-
ing personal loss data would be legal. This would require a legal basis and the data to
be aggregated on a level where no specific individuals could be identified. Further-
more, it must also be arranged so that the insurance companies are not responsible
for the information after it has been delivered.

I think that the probably largest obstacle is simply the protection of privacy. (…) the possibil-
ity of just making all these data openly available. Nowadays we are very busy with ensuring
existing and new rules for protection of privacy. When I was looking at this, I immediately
though that it will be necessary to establish legal warrants somehow. Will it be systemized
so much that we deliver loss data with specified addresses? We haven’t made any juridical
assessments, but I feel this would be the main challenge. (Company 3)

Interviewees thought the administrator should be a public, independent organi-
zation in which society has confidence. The Directorate for Civil Protection (DSB)
was mentioned as one possibility. Some interviewees said that the most important
point was for their organization to be able to implement an IT-structure that could
ensure security.

All damage data are registered digitally in Norway. Most companies did not see
the technical/ digital demands as requiring large investments. They add that, in any
case, this is the direction in which they intend to take their company.

This is a part of the development of the company and will be carried out no matter what.
(Company 7)
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Discussion and Conclusions

Summary of the Main Findings

As shown, the two first studies presented in this paper has demonstrated that the
understanding of measures to prevent loss due to weather-related natural hazards
related to both current and expected future climate conditions can be strengthened
if the municipalities have access to insurance loss data. The municipalities need
precise time, place and terrain height for flooding occurrence. A common standard
for reporting damages needs to be developed (Brevik et al. 2014; Aall et al. 2017;
NOU 2015). The last study on the insurance companies attitudes to sharing their
loss data (Hauge et al. 2018a, b), shows that the insurance sector has increased
their environmental effort and is prone to contribute to climate adaptation. All the
insurance companies are willing to share their loss data with the municipalities and
public authorities, dependent on how the data are treated, on what level, and with
what stakeholders. Further digital registration of damage and loss data was part of
the plan in all interviewed insurance companies.

Discussion of the Findings and Consequences

However, in order for sharing of loss data to happen, fourmajor measuresmust be put
in place: Firstly, the insurance companies must include ‘climate change adaptation’
as an additional reason for collecting loss data, and (at least in most cases) must
make some changes in how the data are registered (e.g. by including terrain height
for data related to flooding incidents). Secondly, an appropriate public body, for
instance, the Directorate for Civil Protection (DSB), must be provided with sufficient
economic resources to establish a database on damage and loss accessible for the local
authorities, in close cooperation with the insurance industry. Thirdly, the challenge
with commercial sensitivity must be solved with strict log-in procedures. The third
of the presented research studies indicate that these issues may come into place. The
fourth challenge is the protection of privacy. There have so far only been temporarily
permissions to use personal insurance loss data.

A figure has been made to illustrate the most important issues that need to be
solved, for sharing of insurance loss data to happen (see Fig. 9.1).

Figure 1.1 illustrates one potential process for utilizing insurance loss data for
analysing the causes for damage and base measures for climate adaptation on these
data. The figure also shows how other types of data from e.g. damage on railroad
and road, would be important for the municipalities to analyse together with the
insurance loss data. The speech bubbles contain all the important questions that have
to be solved, and where in the process they occur, for sharing of loss data to happen.
Using loss data on address level requires that insurance companies can continue to
safeguard the commercial aspects and at the same time ensure client confidentiality.
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Fig. 9.1 Questions that need to be discussed regarding a possible arrangement whereby the munic-
ipalities are provided with access to the damage data from the insurance companies (Brevik et al.
2014)

Through regulating who should be granted access, and how much data should be
made accessible at one time, these challenges can be dealt with. It is presumably
necessary to clarify how to combine the considerations in the acts of personal data,
open (public) files, archives, and insurance business.

The findings across the three studies show that it is valuable and possible to obtain
public-private cooperation for climate change adaptation on sensitive loss data. It
demands changes in attitudes in the insurance sector, and such attitude change is
realistic; it has in fact occurred. Why did this attitude change happen? There has
been attention and research on this matter in Norway since 2013. Reports, semi-
nars and media covering made the stakeholders aware of the attitude issue. Espe-
cially the last report on attitudes in the insurance sector towards sharing loss data
(Hauge et al. 2018a, b), contributed to making the attitudes visible, and strengthen
the norms on corporate climate responsibility. After the launching of the report, also
the last insurance company wanted to contribute with their loss data. According to an
environmental psychology perspective (Cialdini 2003; Cialdini and Goldstein 2004;
Stoknes 2015), social norms and group pressure are powerful tools to change cli-
mate attitudes. Theories about competition and the want to outdo peers in a group or
network (Griskevicius et al. 2010), and how status- and competition-related mech-
anisms may occur in sector groups (Stoknes 2015), are also relevant explanations
for the attitude change. Environmental psychology theories therefore contributes to
explain the results/ the attitude change in the insurance companies that has happened
the last years. The attitude change in the insurance sector is also an illustration of
how the different spheres of drivers and barriers for responding to climate change, (1)
practical, (2) political, and (3) personal, are embedded within one another (O’Brien
and Sygna 2013). In this case, change of attitudes in the “personal sphere”, and the
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visibility of the municipality needs in the “practical sphere”, facilitated and made
possible changes and action in the political sphere.

However, there are still barriers to overcome to obtain a permanent sharing of
loss data. The insurance companies may deliver loss data on address level. However,
address level as the output of the databank is more problematic, due to unsolved
issues concerning the protection of privacy. Should the greatest weight be given
to considerations for the individual who owns a property suffering from repeated
damages, or the individual considering buying that property, or to climate change
adaptation for the society?

In addition, the stakeholders must consider whether the sharing of loss data is the
best way to assist the municipalities with climate change adaptation and prevention
measures.Many of Norway’s smaller municipalities would need to build competence
on how to use the loss data in planning for climate change adaptation measures,
or they will have to depend on collaboration with neighbouring municipalities or
outside consultants. Some interviewees from insurance companies singled out local
politics as the greatest obstacle to climate change adaptationmeasures, not the lack of
information on damages. On the other hand, visualization of where damages occur,
and the cost of these damages, is a powerful tool in persuading politicians to act.

Moreover: if the insurance companies provide the municipalities with detailed
information on loss data, the municipalities will bear more responsibility in regress
claims. The question is if small municipalities can manage such responsibility in
exchange for obtaining access to loss data.

The first two research studies demonstrated that the main challenge for the munic-
ipalities was the low quality of the loss data. There were uncertainties concerning
addresses and coding of cause of damage. Even if the third research study showed that
the insurance companies are willing to provide the missing details and proceed with
the digital development, the changes require efforts and agreement on a template.

Also, the value of the loss data depends on the combination of other relevant data
held by public bodies, like landslide and flooding data, the Public Road Authorities’
damage data, or the railway’s damage data, and other data from different climate
services. It is the total picture that could make a difference for sufficient information
for climate change adaptation and damage prevention. Collaboration between the
public authorities and shared digital systems and databases is at least as important
(Labonnote et al. 2019) as collaboration between governmental departments and
private business. This is especially important when it comes to nature hazards. How
themunicipalities handle surfacewater flooding events in cities is however depending
on loss data on address level.

Practical Arrangements of Sharing of Insurance Loss Data

In Norway, the work on finding arrangements for sharing loss data proceeds after
the studies, with Finance Norway and DSB (the Norwegian Directorate for Civil
Protection) as driving forces. DSB’s overarching task is to maintain a full overview
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of various risks and vulnerabilities in general.22 In February 2018, Finance Norway
and DSB agreed on a formal cooperation, aiming at (i.a.) preventing natural hazard
events.23

Based on the cooperation between Finance Norway and DSB, work on estab-
lishing a national database on damage data (‘Knowledge bank’) started in 2018,
involving the insurance agency Norwegian Natural Perils Pool in addition to DSB
and Finance Norway.24 DSB is now in the process of developing a knowledge bank
with data to help the municipalities in their work with climate change adaptation
and prevention of impacts of natural hazards. The goal is to achieve better overview
and knowledge about undesirable events and disasters, and thus to strengthen work
on societal safety, enhance disaster prevention, and reduce losses. The project is
relevant to many stakeholders. There will be a special focus on municipalities and
county governors, and their work on risk- and vulnerability assessment. Work in
the first phase focuses on natural hazards. It will later be expanded to other types
of risk. The Knowledge bank project aims to compile and make data available for
civil protection to assist municipalities and county administrators in their work on
preventing nature events through a better knowledge base for cost-benefit analysis,
risk and vulnerability analysis. Insurance data on address level is among the data that
DSB wishes to collect and make available. Other relevant data providers include the
Norwegian Meteorological Institute (MET), the Norwegian Public Roads Adminis-
tration (SVV), and the Norwegian Water Resources and Energy Directorate (NVE).
The public-private cooperation has gained attention in the United Nations Office for
Disaster Risk Reduction, and is referred to in two of their latest reports on sustainable
finance and data challenges (UNDRR 2019a, b).

Constrains of the Research and Further Research

Qualitative interviewing is an excellent way of exploring reasons for attitudes, as
it gives respondent opportunities for reflecting and discussing during the process
of data collection. The results from the studies can be generalized analytically (by
means of analytical generalization), meaning that the findings from one study can
be used as a predictive guide to what may occur in other situations, given similar-
ities in context and culture. Emphasis is thus placed on contextual information and
transparency in argumentation (Brinkman and Kvale 2014). Examples of quotations
from the interviews are therefore given in the text, so that the reader can judge the
argumentation and findings.

However, to gain full understanding of public use of private insurance loss data,
it is important to conduct international, interdisciplinary and comparative studies in

22https://www.dsb.no/menyartikler/om-dsb/about-dsb/. Read on January 16, 2019.
23https://www.finansnorge.no/aktuelt/nyheter/2018/02/samarbeid-om-klimakonsekvenser/. Read
on January 16, 2019.
24https://www.dsb.no/nyhetsarkiv/nyheter-2018/klimasamarbeid/. Read on January 16, 2019.

https://www.dsb.no/menyartikler/om-dsb/about-dsb/
https://www.finansnorge.no/aktuelt/nyheter/2018/02/samarbeid-om-klimakonsekvenser/
https://www.dsb.no/nyhetsarkiv/nyheter-2018/klimasamarbeid/
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order to generalize findings across countries. Comparative, quantitative studies may
be challenging due to cultural differences in the insurance sector. The diverse forms
of loss data in the insurance companies may also influence the applications of the
data in the municipalities. Another important question is; what does it take for the
municipalities to be capable of making use of insurance loss data?

The hope is that the research on loss data conducted in Norway may be of inspi-
ration to research groups and public authorities worldwide. International research on
public-private cooperation arrangements for sharing of loss data as a type of climate
service for the municipalities is needed.
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Chapter 10
Evaluation of Climate Services: Enabling
Users to Assess the Quality
of Multi-model Climate Projections
and Derived Products
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Susanne Schuck-Zöller, Elke Keup-Thiel and Daniela Jacob

Abstract The core of climate services is to provide high quality climate-related
information and data that are beneficial for the users. Between the provision of
data and the application of climate services, a chain of providers and subsequent
users exists. It is an ongoing challenge for providers to conclusively define what
users perceive as beneficial regarding the quality of climate model output. This
study aims (1) to understand the needs of users with regard to the quality of climate
data and information, and (2) to enable providers to assess the quality of climate
data input and derived products. From a large-scale survey, we distilled three main
user groups: (i) Donna data (data user/product provider), (ii) Pete product (product
user/product provider) and (iii) Nick non (potential-user). The survey results show
that all three user groups struggle—amongst other things—with identifying reliable
climate model output, that is relevant to their needs. They also desire guidance on
how to evaluate the quality of climate model data to determine the suitability of
the selected dataset for their purpose. Addressing this central need is breaking new
ground. The evaluation of quality in the field of climate services in terms of climate
model output is of high relevance to both climate model data users and providers of
tailored climate information and not restricted to scientific standards and technical
quality. We present a customized and tested tool (“QUACK”) as one of the first
hands-on, scientifically-based and at the same time user-oriented guidelines on how
to assure data quality and to self-evaluate the processing of the data.
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Introduction

Climate change and the related impacts and consequences are more relevant today
than ever.One example is the youthmovement “Fridays for Future”which is demand-
ing radical actions from decisionmakers in politics, administration and business. The
pressure to incorporate the repercussions of every decision on our climate is immense.
At the same time, decision makers are realizing that they are facing extraordinary
risks and challenges due to the change in climate we are already seeing today and
that we have to expect in the near future, caused by greenhouse gas emissions that
have already been emitted. As a consequence, the demand for climate change data
and information is high, because they can support the analysis of current and future
vulnerabilitieswith regards to climate change for different topics and sectors. In order
to assess the impact of climate change in a meaningful way, so that decisions can be
based on this assessment, it is of utmost importance to have access to high-quality
climate data and information. If the climate data used in climate impact assessment
studies have quality issues, a consequence may be misleading and erroneous results
(Hunziker et al. 2018). The quality of climate data and information is therefore crucial
to make sound decisions.

Quality, however, is a very vague term. Everyone has a unique perspective of
what high-quality means for them. The term quality can be defined in various ways,
depending on the target audience (providers, users of climate services, and potential
user groups). The Environmental Protection Agency (EPA) defines quality in terms
of user/service-orientation: ‘the totality of features and characteristics of a product
or service that bears on its ability tomeet the stated or implied needs and expectations
of the user’ (EPA 2002). The Spatial Data Transfer Standard (SDTS) defined quality
focusing on technical and scientific requirements. They suggested ‘five categories
of quality for spatial data: lineage, positional accuracy, attribute accuracy, logical
consistency, and completeness’. Information about the quality of spatial data provides
a basis for decisions on the appropriateness of data for specific applications.

Quality assurance is a matter of concern for both the climate model data users
and providers, because it is not an easy task. The National Weather Services and
research projects have used different approaches, but the quality of the data cannot
be ensured as there is a lack of a generally acceptedmethodology for quality assurance
(Štepánek et al. 2013). Climate data providers may have given detailed information
on the characteristics of data, but it is a challenge for the users to assess the level
of data quality and its suitability for a specific purpose they want to achieve. Here,
climate services can significantly support the users and providers and can play the
role of a beacon shining a guiding light on scientifically sound, high-quality climate
information.

Climate services can be described as “the transformation of climate-related data—
together with other relevant information—into customised products such as projec-
tions, forecasts, information, trends, economic analysis, assessments (including tech-
nology assessment), counselling on best practices, development and evaluation of
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solutions and any other service in relation to climate that may be of use for the soci-
ety at large.” (EC 2015). Moreover, climate services play a critical role in national
development planning, managing development opportunities and risks, and in miti-
gating or adapting to changes in climate. To provide authoritative information to all
of these areas it is necessary to develop the best possible understanding of the quality
of climate data and derived products.

There exist various types of climate services (see EC 2015). In this new emerging
and growing climate services landscape, different players are active. The Climate
Service Center Germany (GERICS) functions as a think tank for climate services to
meet the range of climate-related information that decision-makers need in support
of adapt to climate change impacts. GERICS develops prototype products in the area
of climate services and works in close cooperation with science and practice partners
from politics, economy, and administration. Besides this primarily user-centric and
-tailored approach, there are national to European-scale services that aim to provide
consistent information about climate change for larger user groups. The Copernicus
Climate Change Service (C3S)—initiated by the European Commission—aims to
support adaptation and mitigation policies of the European Union. The C3S is imple-
mented by the European Centre for Medium-Range Weather Forecasts (ECMWF)
on behalf of the European Commission. The majority of C3S service elements are
implemented by about 200 companies and organizations across Europe, which are
selected based on competitive Invitations To Tender. The backbone of the C3S is
an online Climate Data Store (CDS) with a wide range of quality-assured climate
datasets about the past, present, and future climate.

The core of all activities in the climate service landscape is to steer the develop-
ment of climate services in the direction of usefulness and usability to ensure high
quality in them. Therefore, it is crucial to analyze and understand the needs that the
users/providers of climate information have. In this particular case, we would like to
present a way of analyzing the results of a survey that was directed at understanding
the user’s and provider’s needs regarding quality assurance and evaluation of climate
data. The aim of the survey was to recognize what the users perceive as beneficial
for their work regarding the quality of such climate data or information derived from
it. The survey targeted climate model data users/providers such as climate scientists,
impact researchers, climate service purveyors, and societal end users (public admin-
istrations, businesses, and individuals). The survey was conducted by GERICS in the
frame of the C3S contract C3S_51_Lot4_FMI—Data Evaluation for Climate Mod-
els (DECM), which was coordinated by the Finnish Meteorological Institute (FMI).
GERICS in its function as a subcontractor led the survey activities.

Quality assurance is an essential part of climate services, but how to evaluate
the quality of climate model data has become a heavily discussed topic between
users and providers recently. The climate data users require quality assured climate
information for improved planning and decision making. This strong desire of users
for quality assurance has given climate services a prospect to co-develop products
on quality assurance involving users of these products. In the frame of the C3S
contract C3S_422_Lot1_SMHI—Global Users in Copernicus Climate Change Ser-
vice (GLORIOUS), coordinated by the Swedish Meteorological and Hydrological
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Institute (SMHI), users of climate model data across the globe were supported in pro-
viding regional to local climate services. GERICS as a subcontractor co-developed a
customized product for quality assurance with them, based not only on both scientific
rigor and standards but also on practical relevance.

The successful climate services are those that not only understand and address
the demands of users but also ensure high quality in the services provided. When
taking climate data such as from the C3S Climate Data Store (CDS) to transform
them into user-relevant information and products, it is essential to ensure high quality
for the whole processing chain (while data extraction, during the data preparation,
producing results, and end product). Often the quality assessment is restricted to
technicalities and process evaluation. The challenge is to define quality indicators
that not only cover both scientific soundness and technical quality, but also criteria
like transparency or relevance and usability to users.

The strong interest of climate data users for quality assurance and their demand
for guidance to evaluate the quality of climate model data and derived products on
their own are the two main deriving factors that have led to this research work. Up
to our knowledge, no appropriate and established tool for evaluating the quality of
climate data and related products exists so far. So the main focus of this research is
to understand and underline the concerns of users regarding the quality of climate
data via survey and enable users/providers to evaluate the quality of climate data
and derived products by themselves using a recently developed quality assurance
tool. In this paper, firstly we present what users expect or need in terms of quality
evaluation regarding climate model data through a survey, and secondly introduce
a newly developed tool QUACK (Quality Assurance Checklist) for promoting high
quality during the transformation of climate data for climate services. The outcome
of the tool does not only reflect the quality of tailored climate information, but also
enhances the credibility of the work along with the satisfaction of potential clients
of the provided climate service.

Collecting the Missing Pieces: The Survey

A review of available information on user’s needs regarding climate data evalua-
tion was conducted in close collaboration with all C3S DECM subcontractors. The
review concluded that there is an abundant amount of information already available
concerning climate variables and climate change indicators, as well as about the tech-
nical documentation and guidance material regarding the raw data. However, there
is only a little information available about the user’s needs to be able to evaluate the
quality of climate model data and their needs to strengthen their ability to judge the
reliability of climate information. As a consequence—instead of collecting (again)
information on required parameters of climate model data and products—the focus
of this survey lay on the quality aspect and the demands users pose to be able to assess
the quality of the provided data and gain trust in the products. Most questions were
asked in a way to confirm already existing assumptions about the topic based on the
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database compiled previously, or to revise and refine the list of user requirements.
The survey analysis provides findings regarding the use of climate model data and
climate information products, the data structure and—most importantly—regarding
the user’s view on data and product quality and their needs in terms of guidance and
support.

Thanks to the overwhelming support by the C3S DECM subcontractors and the
C3S communication team, the survey was promoted widely to reach as many and
diverse people as possible. The survey was advertised and disseminated through a
variety of channels, such as networks, events, newsletters, in-house contacts, website
posting (e.g. ResearchGate, LinkedIn, etc.), news alerts, socialmedia, and blog posts.
The analysis of the results is based on the answers collected during a run time of
about 8 weeks (12.05.2017–10.07.2017). During this time, it was possible to reach
people all over Europe, with a large portion of participants in Eastern Europe (~40%),
and even a small group based outside of Europe (1%).

Out of 905 participants in total, 481 users completed the survey. Only their
replies were considered for the analysis. The survey split the participants into three
classes: (1) Donna data, (2) Pete product, and (3) Nick non. The users were asked
about their skills, experience, and subsequently categorized accordingly. Donna data
users/providers work with raw and processed climate model data, whereas Pete prod-
uct users/providersworkwith information products based on climatemodel data (e.g.
written reports, tables, visualizations). Nick Non are potential users who are inter-
ested in climate model data and related products but do not use them yet for their
work. Each of the three groups is represented well by the survey participants. They
see the need for climate information but are facing obstacles with respect to actually
applying climate information. This provided a good basis for the analysis regard-
ing the differences between Donna data and Pete product users as well as regarding
reasons by Nick non for not working with climate information.

Typical User Profiles

To develop user-centric climate services, it is essential to put oneself in the user’s
shoes. What does their environment look like, what are their habits, interests, emo-
tions, thoughts, what are they struggling with and what are they really good at?
Developing profiles for different typical user types can help with the understand-
ing of the drivers and underlying motivations of their individual needs much better.
Based on the survey, three different typical user profiles were designed.1 Rather than
defining the typical user profiles based on the institutions the users come from, they
were grouped depending on their expertise and their actions.

1The detailed results of the survey are available upon request at the Climate Service Center Germany
(GERICS) or Copernicus Climate Change Service (C3S).



188 M. Zahid et al.

1. Donna Data

Donna works at a university since 41% of the participating data users work for a
research institution (university or other). The size of her organization varies between
<50 employees (22% of all data users), 50–250 employees (19% of all data users),
>250–1000 employees (23% of all data users), >1000–5000 employees (19% of all
data users) and anything larger (10% of all data users). If Donna is not working in
research and education (23% of the data users), she is most likely employed by the
agriculture and forestry sector (12% of the data users) or in water management (10%
of the data users).

Donna mainly uses climate model output for research and education purposes
(51% of all answers by data users). The data is often related to the Representative
Concentration Pathways (46% of all responses by data users), focusing on RCP8.5
(34% of all responses that chose RCP as the type of scenario they use) and RCP4.5
data (31% of all responses that chose RCP as the type of scenario they use). This
data is usually provided by the CMIP or CORDEX initiatives (56% of all responses
by data users), that are freely available (30% of all answers by data users) and of
good scientific quality (27% of all answers by data users).

Donna wants to perform her own post-processing (64% of all responses by data
users), but she would also make use of pre-calculated climate indices, statistically
downscaled and bias-adjusted data (all three options each received >25% of the
responses by data users). More often than not, Donna rates the spatial resolution of
climate model data as being adequate for her purposes (61% of all responses by data
users). She does, however, have many comments about the added value of an even
higher resolution (see Fig. 10.1 for the main themes mentioned by data users).

Fig. 10.1 Word cloud
(created with
wordclouds.com) presenting
the different themes
expressed by data users in the
comments for the question
“Is the currently available
resolution of climate model
data or model-derived
climate information products
adequate for the purposes of
your work?”
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Donna definitely needs information on the quality of climate model data (84%
of all answers by data users), preferably provided in a quantitative way (69% of
all answers by data users), focusing on the performance compared to observations
(46% of all answers by data users) and other climate models (36% of all answers by
data users). Donna needs guidance to find the most suitable climate projection for her
purposes (19%of all answers by data users), and—evenmore importantly—to access
and download the relevant data (22% of all answers by data users). She appreciates
this guidance in the form of online help, such as webinars or step-by-step-tutorials,
and offline help, e.g. manuals available for download (both 21% of all answers by
data users each).

2. Pete Product

Pete works at a research facility (25% of all product users) or in the private sector
(19% of all product users). He has less than 50 colleagues (30% of all product
users) and works in the field of research and education (15% of the product users),
agriculture and forestry (14% of the product users), or water management (11% of
the product users). Pete uses climate model-based products primarily for research
and education purposes (39% of all responses by product users), or for providing
it to others in a non-commercial way (30% of all responses by product users). He
usually obtains climate information from national meteorological and hydrological
services (26% of all answers by product users) and uses idealized scenarios (42%
of all answers by product users). In particular, he prefers scenarios with a 1.5 °C
(22% of all responses that chose idealised scenarios) or 2 °C (28% of all responses
that chose idealized scenarios) global warming, or a doubling of the current CO2

concentration level (18% of all responses that chose idealised scenarios as the type
of scenario they use). Pete needs freely available products (31% of all responses by
product users) with good scientific quality (24% of all responses by product users)
but also value a user-friendly interface (15% of all responses by product users).

Pete prefers usingmaps (25%of all responses by product users), graphs (23%of all
responses by product users) and Tables (19% of all responses by product users) over
fact sheets (17% of all responses by product users) or reports (15% of all responses
by product users). He generally rates the spatial resolution of climate model data as
being adequate for his purposes (69% of all responses by product users), but he also
has a few comments about the added value of an even higher resolution (see Fig. 10.2
for the main themes mentioned by product users).

Pete needs information on the quality of climatemodel data (66%of all answers by
product users) more often, provided in either a qualitative way (43% of all answers
by product users) or a quantitative way (54% of all answers by products users).
The information about the quality most relevant for Pete relates to uncertainties
and limitations (21% of all answers by product users) the performance compared
to observations (20% of all answers by product users) and the data source (17% of
all answers by product users). He expects to receive information on the quality of
the underlying climate model data in the form of an integrated design, as part of the
product (by hatching, varying color shade, and saturation, text boxes, etc.; 43% of
all answers by product users).
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Fig. 10.2 Word cloud
(created with
wordclouds.com) presenting
the different themes
expressed by product users
in the comments for the
question “Is the currently
available resolution of
climate model data or
model-derived climate
information products
adequate for the purposes of
your work?”

Pete is looking for guidance to visualize climate information (22% of all answers
by product users), to find the most suitable climate projection for his purposes (19%
of all answers by product users) and to interpret climate information correctly (18%
of all answers by product users). He appreciates this guidance in the form of online
help, such as webinars or step-by-step-tutorials (21% of all responses by product
users), offline help, e.g. manuals available for download (19% of all responses by
product users), and use cases, i.e. examples for how the information on quality is
used in specific cases (17% of all responses by product users).

3. Nick Non

Nick Non works in the private sector (34% of all potential users) with less than
250 colleagues (56% of all potential users). She/he works in the sectors research
and education (16% of all potential users), cities (10% of all potential users), or
infrastructure (10% of all potential users). The potential users could give reasons
for not using climate model data or information products based on climate model
data in their work (see Table 10.1) and provide comments on why they chose certain
reasons.

Most potential users who stated no need for climate information by their organi-
zation work for a small company with less than 50 employees. One could put forward
the assumption that small companies do not have enough manpower to specifically
target this topic in detail. Potential users who struggle with finding relevant climate
information expect this type of material to be found easily on the internet, e.g. on
“regular weather websites” or the “National Meteorological Service’s page”. Partici-
pants, who are remarking on the fact that certain information is not available, wish for
“all relevant indicators like snowfall and rain (time, volume, frequency), temperature
and so on”, seasonal rainfall predictions, information on heat waves and—on a more
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Table 10.1 Potential users answering the question “You indicated that you do not use climate
model data or information products based on climate model data in your work. Please specify the
main reason(s) for this.”

Answers Responses
by
potential
users

There is no need for my organisation/company to use it 74 48%

I don’t need it in my current role but other people within my
organisation/company use it

23 14%

I don’t know where to find relevant information 20 13%

There is too much uncertainty in climate model data 12 8%

The data or information I want is too difficult to access 10 6%

The data or information I want is not available 7 4%

The data or information I want is too expensive 7 4%

The data or information I want is not provided in a usable way 6 4%

Multiple answers were possible

technical side—the possibility to compare information of different climate mod-
els. Participants who criticize the usability of climate information demand graphs,
that show climatological developments over extensive time periods (“thousands of
years”) in the past in order to put current values into context, and improved forecasts
to overcome “limits in different disciplines and scales”. The main barriers regarding
data access listed are a lack of guidance to access the data, the need for a user account,
or financial constraints. Of the twelve participants who chose the option “There is
too much uncertainty in climate model data.”, three indicated that even additional
information explaining how to evaluate the level of uncertainty and its implications
would not convince them to use climate information. The nine others indicated that
they do not know how additional information would change their behaviour.

Outcome of the Survey: Guidance Needed on Evaluation
of Quality of Climate Data

As a final question of the survey, the participants were asked about the main dif-
ficulties they encounter when dealing with climate model data and information
products based on climate model data. They were encouraged to share suggestions
on how these obstacles could be removed. Frequently recurring items related to
the following keywords: data selection, limitations, reliability, interpretation, cred-
ibility, comparability, data provenance, assessing uncertainties. These terms are
closely related to the responses given by both Donna data and Pete product users
regarding necessary guidance material. Both user groups voiced the clear need for
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support with respect to the identification of the most suitable climate projection
for their specific purposes. They all struggle (amongst other things and on their
respective level of detail) with identifying reliable climate model output that is
relevant to their needs. For them, it is a matter of being capable of data evalu-
ation & quality control. Therefore, a central requirement brought forward by all
users surveyed is guidance on how to evaluate the quality of climate model data to
determine if the selected data suits their individual purpose.

Evaluation of Quality of Climate Data and Derived Products

The evaluation of the quality of climate model data in the field of climate services
is an emerging topic. In the case of climate data, the quality is often looked upon
as a question of scientific standards and technical aspects. However, for a mean-
ingful evaluation of the quality of climate data, it is important to come up with a
certain set of quality indicators that covers all aspects of quality i.e. scientific stan-
dards, significance, and utility to users. First steps in this context have been taken
by proposing design elements of a climate services evaluation framework (Schuck-
Zöller et al. 2017a, b; Vaughan and Dessai 2014; Kirchhoff et al. 2013; Lemos et al.
2012) addressing mainly the usability of climate services.

In terms of evaluation, there is a huge amount of different approaches, frameworks,
and purposes to performan evaluation in different fields.Agood overviewof different
evaluation concepts delivers Wolf et al. (2013). It makes, for example, a difference,
which aims the evaluation is the following: Is a project or product finalized and should
be assessed ex-post?Or is the project still ongoing, the development of the product not
yet finished and themanagement and development processes are to be assessed? This
“formative evaluation” would often be performed in-house to learn about optimizing
processes. For this type of evaluation, no standard framework is yet existing to
be applied in climate services. Formative evaluation can be done by the product
developers (=evaluands) themselves (“self-evaluation”) in order to assure the quality
of their development activities (Beywl 2003.). The contract C3S_422_Lot1_SMHI
described in the following starts with an ex-post evaluation of data, that delivers
the input for a second processing step. Thus the users of this original data want
to evaluate ex-post data someone else generated. This has been identified as an
important need during the surveys described above. Now, in the second step, Donna
Data, Pete Product and—potentially—Nick Non want to further process their input
data to provide outputs for their clients themselves. By doing so Donna Data, Pete
Product and Nick Non are taking the role of providers and have to self-evaluate their
own processing activities and outcome thereof.

As the role of users and providers of data and services change along this produc-
tion chain, we decided to name them “users/providers”, when talking about the two
different steps of providing climate information: the generation of merely date (step
one) or co-development of output that based on the further processing of the data in
line with special client questions (step two).
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The Earth observation community are pioneers in developing maturity matrices
for their measurement and data records. Here, the focus lies mainly on activities
that preserve and improve the information content, accessibility, and usability of
data and metadata (Peng 2018). For example, under the ‘Gap Analysis for Integrated
Atmospheric ECV Climate Monitoring’ (GAIA-CLIM) project, a measurement sys-
tem maturity matrix has been developed to assess the capability maturity of the
measurement systems in the following areas: metadata, documentation, uncertainty
characterization, public access, etc. (Thorne et al. 2015; Peng 2018). The European
FP7 project CORE-CLIMAX suggested and tested extensions of the approach in
order to allow the applicability to additional climate datasets, e.g. based on in situ
observations as well as model-based reanalysis. Based on the previous approaches,
the World Data Centre for Climate developed a generic Quality Assessment System
for Earth System data (Höck et al. 2015). This matrix serves as a self- evaluation of
the data quality for five maturity levels with respect to the criteria data and metadata
consistency, completeness, accessibility, and accuracy.

The existing maturity matrices have some limitations as they focus on measure-
ments and specific raw climate data sets only. They cannot be applied to various
kinds of climate data, in particular, climate models data, and tailored datasets as it is
needed for climate services. However, quality for climate services relies on a strong
scientific basis, serves the purpose of users and addresses the user’s needs to cover
various data sets.

Recently, the FORCE 11 community has developed FAIR Guiding Principles
with an aim that all research objects should be Findable, Accessible, Interoperable
and Reusable (FAIR) both for machines and for people. These are now referred to
as the FAIR Guiding Principles. These high-level FAIR Guiding Principles precede
implementation choices, and do not suggest any specific technology, standard, or
implementation-solution; moreover, the Principles are not, themselves, a standard
or a specification. They can act as a guide to data publishers and stewards to assist
them in evaluating whether their particular implementation choices are rendering
their digital research artefacts Findable, Accessible, Interoperable, and Reusable but
cannot evaluate the quality of data (Wilkinson et al. 2016).

In short, up to our knowledge, no established tool for evaluation of the quality of
climate data existed that could have been applied for the local and regional climate
services providedby theDonnadata andPete product users/providers in 12 showcases
in the frame of the C3S_422_Lot1_SMHI contract. GERICS as a subcontractor is
responsible for the quality assurance activities and co-developed a new tool named
as QUACK (Quality Assurance Checklist) together with the Donna data and Pete
product users/providers to promote high quality in each showcase.

QUACK—Quality Assurance Checklist Tool

QUACK is an innovative and customised tool for quality assurance. It is based on both
scientific rigour and standards, and user needs. It allows Donna data, Pete product,
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and Nick non to self-evaluate and document their performance regarding applying
quality control measures in their showcases. QUACK is an innovative hands-on,
scientifically-based tool and provides user-oriented guidelines on how to assure high
quality when transforming climate data for climate services.

QUACK consists of two parts: an evaluation framework including checklist ques-
tions and guidance material. The second component is a reporting template. This
allows to evaluate the quality at each step of the entire processing chain starting
with the input data and then covering each processing step towards a climate service
product.

The first step for the development of QUACK was to define suitable quality
criteria. When defining quality criteria, it is common in the evaluation literature to
follow an evaluation hierarchy structure to scale down from very general aspects of
quality to such on a smaller and more detailed scale. Schuck-Zöller et al. (2017a)
harmonized different elements of evaluation from literature in the evaluation cascade.

This evaluation cascade is the backbone for the newly developed quality assurance
tool QUACK. It covers the levels of evaluation from general to detailed: dimension,
criterion, and indicator. For each dimension, a number of evaluation criteria and
related quality indicators were developed. The QUACK evaluation framework con-
sists of 17 quality indicators grouped into 4 dimensions: input data, processing,
output, and outcome. Each dimension includes different criteria and related qual-
ity indicators. To be able to specifically assess the level of quality for each indicator
(“assessmentmethod”), a checklist with questionswas developed including guidance
material. Figure 10.3 illustrates the QUACK evaluation cascade.

For determining the dimensions, we used the definition of the ‘Organisation for
Economic Co-operation and Development’ (OECD 2002). We adapted the wording
of the OECD dimensions to tailor the definitions to suit the showcase work of the
C3S_422_Lot1_SMHI contract. This supports an intuitive application of the dimen-
sions by the users. The dimensions of QUACK start with input data and processing,
continue with output and finish with the outcome (see Box 1).

For each dimension, a number of evaluation criteria and related quality indicators
were developed. We followed the initial work of an interdisciplinary working group,
scientists fromHelmholtz-ZentrumGeesthacht andAlfred-Wegener-Institute inGer-
many, who were working on knowledge transfer products, defining quality criteria
and related indicators for the dimensions output and outcome (Schuck-Zöller et al.
2017b). Here, we applied this approach to assess specifically the quality of climate
information data and products, and we expanded the list of criteria and related indi-
cators for the first time to the dimensions input data and processing.We first selected
the indicators appropriate for QUACK from the list of indicators (Schuck-Zöller et al.
2017a) and later involved the users and providers with their opinion to finalize the
list of quality indicators. To be able to assess specifically the level of quality for each
indicator, a checklist2 with questions was developed at GERICS. Guidance material

2The complete evaluation cascade of QUACK including questions and guidance per indicator are
available upon request to GERICS or Copernicus Climate Change Service.
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Fig. 10.3 Summary of the evaluation framework used in QUACK for outputs being co-developed
between users and providers and thus caring for practical relevance already during the processing
activities (C3S_422_Lot1_SMHI contract)

supports the users and providers of climate data in answering these questions with
material showing good practices regarding quality and further help.

Box 1 Summary of the four evaluation dimensions of QUACK.

(1) Input data
collecting and checking the data that will be used for the showcase

(2) Processing
transforming input data into new climate impact indicators and prepa-

ration of the data as input for a regional climate model or an impact
model, and all other processing steps of the data, being reflected with
users

(3) Output
presentation of results

(4) Outcome
short and medium-effects of product (usability)

Besides the QUACK evaluation framework, a QUACK reporting template was
also co-developed with users and providers. Figure 10.4 illustrates an example
of a showcase that investigated the health impacts of heatwaves in Australia in
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Fig. 10.4 QUACK reporting template with an example of the Australian showcase reporting for
the dimension—input data, criterion—scientific and methodological quality, and indicator—Trans-
parency

C3S_422_Lot1_SMHI contract. The QUACK reporting template takes up the struc-
ture of the QUACK evaluation framework. It guides the users and providers through
each dimension, criterion and related indicator. The documentation states if an indi-
cator was applied including a short description. Any documents that describe the
activities/methods, etc. for an indicator enhance the credibility.

The QUACK reporting template needs to be continuously updated during the
progressing of the production of a climate service. Ideally, when the climate service
product is ready, it can be delivered with the QUACK report stating the quality
assurance for each step of the processing chain. The resulting QUACK reports not
only reflect the quality of the showcases but also enhance the credibility of the work
along with the satisfaction of potential clients of the showcases.

Benefits of QUACK

QUACK is a self-evaluation tool that supportsDonna data andPete product in judging
if the climate data they would like to use are suitable for their purposes. For instance,
while reporting on QUACK’s first dimension ‘input data’ users will get an indica-
tion about potential insufficiencies or limits of the data in the context of the planned
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application. QUACK supports users to understand scientific quality standards and to
determine subsequently the data’s suitability. QUACK is also beneficial for the cli-
mate data and climate information providers to improve their provided datasets, and
products through feedbacks from users and continuous dialogue. QUACK enhances
trust and satisfaction down the line between the applier of QUACK and his/her
clients by providing transparency about the procedure of quality assurance. Further-
more, QUACK fulfils the list of requirements that the DECM survey users favoured
regarding the format of the guidance material.

Limitations

QUACK is most beneficial for climate model data users who are interested in further
analysing and processing the data because it offers guidance at each step of the pro-
duction chain of tailoring climate data for a specific purpose. Moreover, the tool is
a self-evaluation tool meaning that the applier must be as honest and disciplined as
possible and utilise it as far as possible to truly assure high-quality work. The reliabil-
ity of quality based on QUACK also highly depends upon the level of understanding
of the individual quality indicators by the tool users.

Since the assessment of quality is very context-dependent, QUACKdoes not claim
to be a one-fits-all solution, nor does it provide a score or a certificate at the end. It
is a starting point for self-reflection and triggers critical thinking regarding quality
assurance in the field of climate service work. In each case, the evaluation has to
be carried out specifically matching the circumstances. This can lead to differing
priorities and results in each case.

Transferability

QUACKwas successfully tested and applied by users and providers of climatemodel
data for twelve showcases in the framework of the C3S_422_Lot1_SMHI contract.
The input data covered climatemodel, seasonal forecasting data, hydrological data in
combination with local data sets for different purposes in the sectors such as health,
safety, water-security, transport, biodiversity, tourism, agriculture and food produc-
tion. It could be demonstrated that QUACK can be applied for various modelling
activities and serves sector-specific needs. The definition of quality indicators and
assessment questions vary from case to case and may need to be adapted for the
application in other fields.
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Conclusion and Outlook

Quality assurance is fundamental for successful climate services. The underlying
climate information in particular needs to be of high quality to ensure a reliable
service (Vaughan and Dessai 2014). “High quality climate model data”, however,
can be defined in various ways. It depends on the perspective, i.e. on the entities
taking up the roles of provider and targeted users.

The survey presented here gives insights into different user groups, their char-
acteristics and their needs regarding quality. The groups are represented by three
typical users: (i) Donna Data, representing the climate model data users, (ii) Pete
Product, the user who ismost interested in climate information products derived from
climate model output, and (iii) Nick Non, a user who needs climate information but
is not yet capable to use climate model data or derived products. The survey results
taught us that three user groups show considerable differences when it comes to their
requirements regarding the quality of climate model data, they share the essential
need for guidance on how to evaluate the quality of climate model data to determine
if the selected data suits their individual purpose.

The scientific community has set certain scientific standards for data that should
always be met (e.g. DFG 2013), whether raw climate model data are used or climate
information products based on climate model data are used. In the field of climate
services, these scientific standards have to be combined with the user requirements
regarding quality to ensure excellent services both from a scientific point of view
and from the perspective of practical application. In doing so, one crucial aspect to
consider is that all climate model data users require support in assessing the quality
of climate model data beyond technical and processing issues, e.g. regarding the
suitability, validation, reliability, consistency, traceability, etc.

As a first step to address their need and combine it with the demands of the
scientific community, GERICS pioneered the development of the Quality Assur-
ance Checklist (QUACK). QUACK was applied successfully in 12 showcases of the
C3S_422_Lot1_SMHI contract. The lessons learnt from this experience are that the
application ofQUACKand the resulting level of quality assurancemainly depends on
the experience users have with quality assurance, who is responsible for the QUACK
reporting. Therefore, it is very important to foster regular discussions and feedback
rounds among the providers of the original climate data and their users, to improve the
quality of the QUACK reporting. The QUACK reporting can have varying degrees
of detail as the application depends also on the design of the project for which the
quality assurance is carried out. Yet, the QUACK tool aims to encourage the appli-
ers to do quality assurance by themselves and thereby improve the quality of their
work to establish certain comparability and transparency of quality assessments. As
a consequence, the relevance and usability of the result become much higher.

The survey helped to learnmore about user groups reading climatemodelling data
and derived products. But even though this survey reached a reasonable large crowd
of diverse individuals, it can only describe these individuals to a certain degree of
detail. And while the generalization of a colorful group of people is the main purpose
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of a survey, there might be issues raised during the analysis about certain answers
and reactions that require a more in-depth examination.

QUACK is most beneficial for climate model data users who are interested in
further analysing and processing the data. The tool assumes that climate data and
climate information providers have a high level of experience and good skill in
communicating their reflections regarding the quality of their product. The tool is a
self-evaluation tool meaning that the provider must be as honest and disciplined as
possible and utilize it as far as possible to truly assure high-quality work. The reliabil-
ity of quality based on QUACK also highly depends upon the level of understanding
of the individual quality indicators by the tool users. In each case, the evaluation has
to be carried out specifically matching the circumstances. This can lead to differing
priorities and results in each case.

Future prospects could include a continuation of the application of QUACK by
different climate data users and providers to generate climate information for various
sectors such as health, safety, water-security, transport, biodiversity, tourism, agri-
culture, and food production. This will not only help to gather additional feedback
regarding the essential quality indicators of different sectors but will also improve
the tool. Furthermore, it could be an option to operationalise the tool in the future
and market the service of assessing the quality of climate data. But note that the
QUACK dimensions ‘input data’, ‘processing’, ‘output’ and ‘outcome’ have been
tested in C3S_422_Lot1_SMHI contract for the first time, therefore further research
and development is needed for improving the tool before it is operationalized. The
detailed monitoring and documentation for the dimension ‘input data’ as a part of
quality assurance is well stated within this exemplary quality assurance tool. How-
ever, the choice of criteria and indicators for the dimension ‘processing’, ‘output’
and ‘outcome’ needs more investigation and mainly depends on the purpose of a
project it will be used for. Quality assurance will remain a topic of central concern
in the field of climate services to which this publication, and specifically QUACK,
contribute in a user-centric way.
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Chapter 11
The Need for Science-Based Information.
A Requirement for Top-Down
and Bottom-up Decision-Making
Processes

Sebastian Müller and Marcela Scarpellini

Abstract For the first time, a global pact has been reached to set a common global
limit on emissions which is quantifiable and therefore provides thresholds upon
which to establish nation’s emission reductions pathways. This pact is the Paris
Agreement (2015), by which its signatories agreed according to Art. 2.1 lit. a to
make efforts to halt the increase in the global average temperature to well below
2 °C above pre-industrial levels (in the following “well below 2 °C limit” or “<2 °C
limit”) and to pursue efforts to limit the temperature increase to 1.5 °C above pre-
industrial levels. This decision came from the recognition that these actions would
significantly reduce the risks and impacts of climate change. The well below 2 °C
limit is based on the recommendations of the Intergovernmental Panel on Climate
Change (“IPCC”)’s Fifth Assessment Report. Regional and national policies have
been enacted as a response to this limit, but evidence between these national targets’
actual contribution to keeping global temperatures below2 °C isweak. Thisweakness
is presumably associated with the fact that climate targets are often decided without
properly taking climate science into consideration. If scientific information by which
the alignment of policy strategies and plans with the <2 °C limit is missing, how
can we claim that regions, countries and states’ targets are in line with the Paris
Agreement? Another weakness in established targets has to do with how economic
players such as sectors and companies are incorporated into the equation. It seems to
be a reasonable approach to set climate targets at different levels, froma top-down and
a bottom-up approach in order to increase the likelihood of maintaining temperatures
well below the 2 °C limit. The targets established at a top-down level need to bear
relation to the targets established at lower levels. The manner in which they correlate
can be provided by the well below 2 °C limit defined by the Paris Agreement. By
targets at higher levels and at lower levels been set with one same reference point,
the 2 °C limit, the likelihood of an appropriate correspondence between targets is
highly incremented. The research question that will be explored in this article is if
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using science-based information can assist in making the meeting point represented
by the 2 °C limit, workable from two directions: top-down and bottom-up.

Introduction

Thus, considering the alleged emergent and accelerating need for a science-based response to
climate change. […] It is time for these youth to have the opportunity to address their concerns
in a court of law, concerns raised under statute and under state and federal constitutions. They
have argued their petition for a rule limiting Greenhouse Gas (“GHG”) emissions based on
best available science.1 Judge Hollis R. Hill.

The petition in this case was rejected not due to the explicit request that rules
and targets be based on scientific information—reasoning the Judge clearly agreed
with—but because in theUnited States (US) a court cannot decide for a governmental
department, how to technically regulate an issue.2 It should be noted that the need
for climate targets to be established on best-available scientific information was not
contested by the Judge.

Similarly, in the Urgenda Case, the plaintiff: the Dutch based Urgenda Founda-
tion, argued that the climate targets established by the Dutch State were unlawful
and threatened Dutch citizens’ rights since they contribute to world temperatures
increasing to more than 2 °C. According to the Foundation this would go against
what has been agreed upon in the Paris Agreement.3 This lawsuit was based on
scientific findings of future climate impacts, as was the court’s decision.

These are only two examples that evidence the increasing demand for scientific
information to be embedded within policy and laws defining climate targets. There
is increasing precedent and pressure for scientific information to be involved in
economic decision-making processes, especially in decisions pertaining to target
setting and more specifically when it comes to climate targets.

The IPCC special report on the impacts of global warming of 1.5 °C above pre-
industrial levels and related global greenhouse gas emission pathways gives context
to strengthening the global response to the threat of climate change. Sustainable
development and efforts to eradicate poverty (“Special Report 1.5 °C”)’s Summary
for PolicyMakers, human activities are estimated to have caused approximately 1 °C
of global warming above pre-industrial levels with a likely range of 0.8–1.2 °C. The

1Zoe and Stella Foster et al. v. Washington Department of Ecology, 75374-6-1, Wash. Ct. App.
2Court reasoning: The main question for the Court was to review the legality of the Department’s
rejection of the children’s petition for rulemaking. The Court noted that the Department has the
authority given by law to establish greenhouse gas emission standards, but it did not act in that
regard until after the suit was brought when directed by the state Governor. Nonetheless, the Court
because the Department is currently considering a cap on emissions, the Court cannot rule that they
are failing to fulfil their duty to exercise that authority. The Court also cannot tell the Government
how to decide on an emissions cap, therefore, the children’s request to order the Department to use
the best science available in the decision-making process was rejected.
3Urgenda Foundation v. Kingdom of the Netherlands, C/09/456689/HA ZA 13-1396.
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Special Report 1.5 °C further indicates that global warming is likely to reach 1.5 °C
between 2030 and 2052 if it continues to increase at the current rate.

With this clear statement on the link between human activity and its repercus-
sions on climate dynamics, the manner and magnitude human activity will have on
climate change should be reconsidered. From a methodological and mathematical
perspective, actors at all levels should consider setting targets based on best avail-
able scientific findings if keeping temperatures well below 2 °C is to be more than
a declaration of good intention. The scientific findings upon which targets should
be set have been agreed upon by 90–100% of the scientific community (Cook et al.
2016). These scientific findings consist of forward-looking information, information
which is not 100% certain due to the complexity of climate and weather predictions
and interactions, but certain enough to signal that ambitious actions backed up by
scientific information are necessary.

The process for target setting at a global, regional and national scale is taking
quite a long time to deliver expected results. During this time, climate change and its
impacts continue to exert its effects incrementally through increasingweather-related
events, litigation for a companies’ contribution to global warming, or the devaluation
of company value. As such, climate change has proofed its potential for disrupting
businesses at divergent scales.

The way the lack of ambitious targets will be resolved is still uncertain. As targets
and regulation become obsolete in the face of the climate crisis, it seems that acting
on best available and forward-looking scientific information might be, even amid
excruciating uncertainty, the only certain step that will enable the best responses
to be provided. At a corporate and financial level, the incorporation of scientific
information consists of companies adjusting key corporate and financial decision
metrics to incorporate climate-related information through climate impact scenarios
by which they create effective transition indicators for corresponding institutions. In
this endeavor, the first step is to generate a better data basis. This will consequently
allow for thedata generated tobe converted into transition indicators. These indicators
would help avoid companies being statically stuck with “green” or “brown” classifi-
cations, but rather serve for capturing the companies’ competence for mastering the
challenges arising from a world shaped by climate change.

These transition indicators are established at two levels: simultaneously from a
top-down and a bottom-up approach, enabling the approaches to meet. This meeting
point is already established and can be found in form of the number given by climate
science. A very precise number. It is the <2 °C limit agreed upon in the Paris Agree-
ment. Now, countries and companies just need to find a way to measure themselves
against this limit.
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Top-Down: Global, Regional, National and Sub-national
Targets. Information Required Before Setting Targets

Having understood the urgency of the challenges brought by globalwarming, govern-
ments around the world are determined to change course by identifying and applying
methodologies to shift capital towards less carbon dependant economies. The way
they attempt to do so is by enacting policies, laws and regulations with threemain and
parallel intentions: (1) driving action; (2) tracking progress; and (3) raising ambition
(Whitley et al. 2018). All of these efforts are intended to support Article 2.1 lit. c
Paris Agreement, which clearly establishes the aim of the “global response to the
threat of climate change, in the context of sustainable development and efforts to
eradicate poverty, including by […] making finance flows consistent with a pathway
towards low greenhouse gas emissions and climate-resilient development.”

Legislation

The well below 2 °C limit agreed upon at a global level acts as a top-down directive
towards nations, to which they respond by setting themselves Nationally Determined
Contributions (“NDCs”). The NDCs in turn serve as a bottom-up response to that
global top-town policy (see also Elzen et al. 2016). Ideally, once countries NDCs’ are
reassessed, via the stock take mechanism established in Article 14 Paris Agreement
they shall be aligned in a harmonic way as to ensure that nation’s emission reduction
pathways are conducive to keeping temperatures under 2 °C. Currently this is only
theory asNDCs updated inDecember 2018, seem to be insufficient for keeping global
temperatures below the 2 °C limit. The level of ambitiousness of current NDCs leads
to the world warming up to approximately 3 °C above pre-industrial levels (The
Emissions Gap Report 2016).

These same NDCs can serve as a top-down indicator for (federal) states and
at an economic level for sectors and companies within specific countries, which
might respond by setting themselves targets in line with the NDCs’ emission reduc-
tion pathways. These targets in turn serve as a bottom-up response to the NDCs.
The mechanisms by which NDCs are trickled down to lower levels such as states
and are translated into economic guidance for sectors and companies, are usually
implemented by countries’ individual action plans, such as ex. Germany’s Climate
Action Plan 2050.4 No specific reference has been established as how companies are
expected to demonstrate alignment with the NDCs of the countries in which they
operate. As the corresponding targets initially stem from sectoral targets, companies
may try to establish their reductions in line with sectoral targets.

The problem is that current methodologies at all levels are lacking for measuring
and tracking progress towards keeping global temperatures well below the <2 °C

4ClimateActionPlan 2050. Principles and goals of theGermangovernment’s climate policy. Federal
Ministry for the Environment, Nature Conservation, Building and Nuclear Safety (BMUB).
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limit (Peters et al. 2017). If the manners of tracking progress are lacking or weak,
there is no way of guaranteeing that further and more ambitious reductions will bear
a correlation with the measurable and quantifiable well below 2 °C limit.

We are currently at the stage in which governments are getting a comprehensive
understanding of the climate situation in order to manage it as effectively as possible.
According to the EU today, transparency is key, for which disclosures on the man-
ners in which companies impact the environment is a focal point (see e.g. Directive
2014/95/EU, Directive on non-Financial Disclosures, “NFRD”). Therefore, in order
to put these findings and initial efforts into action, the evaluation of current disclo-
sure requirements is a first step. Requiring issuers to make sure they provide the
right information to investors, the European Commission (“Commission”) adopted
a package of measures implementing several key actions announced in its EUAction
Plan: Financing Sustainable Growth (COM(2018) 97 final, “EU Action Plan”) in
May 2018.

In late 2016, an amendment to the NFRD was enacted by the EU Parliament,
requiring large undertakings to disclose material non-financial information, includ-
ing considerations of environmental, social and governance factors that might help
provide a better understanding of companies’ development, performance, position
and impact of their activity. Namely, the NFRD requires large public interest enti-
ties with over 500 employees (listed companies, banks, and insurance companies)
to disclose certain non-financial information such as: (I) sustainability strategy, (II)
material risks linked to the entity’s operations, especially those which are very likely
to have a material adverse effect on the matters on which disclosure is required, (III)
management of such risks by the corporations and (IV) non-financial key perfor-
mance indicators relevant to the particular business. Thus, the NFRD has introduced
a new element to be considered when assessing the relevance of non-financial infor-
mation by referring to information ‘to the extent necessary for an understanding of the
impact of (the company’s) activity.’ As part of the EU Action Plan the Commission
committed to updating the Non-Binding Guidelines on Non-Financial Reporting,
specifically with regards to the reporting of climate-related information.

Based on this background and recognising the need for increased transparency
in the market around climate-related issues, the G20’s Financial Stability Board
(“FSB”) established the Task Force on Climate-related Financial Disclosures
(“TCFD”) in December 2015 to develop recommendations for more efficient and
effective climate-related disclosures. In June 2017, theTCFD issued its recommenda-
tions to encourage both financial institutions and non-financial companies to disclose
information on climate-related risks and opportunities. The Technical Expert Group
(“TEG”), which has been implemented by the EUCommission in 2018, is mandated
to assist on adjusting the Non-Binding Guidelines on Non-Financial Reporting. The
TEG brought the two strands together and aligned the TCFD recommendations with
the requirements of the NRFD. According to the final report of the TEG “Report on
Climate-related Disclosures” (“TEG Report”) companies should—inter alia—dis-
close relevant information on the consequences of climate change for a company’s
business as well as information on the impact that the company’s operations might
have on climate change. Hence, the TEG Report keeps the dual focus on both the
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outside-in (how do climate risks and opportunities impact a company) and inside-out
(how does a company impact on climate) perspective, in line with the approach of
the NFRD.

When taking into account regulatory developments, mainly the NFRD recom-
mendations of the TCFD, the work of the TEG and the Non-Binding Guidelines on
Non-Financial Reporting—even if not binding in a legal sense—an implicit encour-
agement is made to companies to disclose relevant information on the consequences
of climate change for a company’s business with a strong suggestion of thorough
consideration and disclosure on: the manner in which companies business opera-
tions are likely to have an impact on climate systems and how the changes brought
by climate change from a physical, economic and political perspective might affect
the company. The extent in which this specific requirement is disclosed will be sub-
ject to companies’ assessment of climate change constituting a material risk. For
which, an explanation of how a company reaches the conclusion of how they reach
such determination, should be incorporated in the respective disclosures and duly
substantiated. Specific guidance of aspects to be disclosed can be found in Article
19 lit. A NFRD bearing in mind that disclosures need to enable recipients to fully
understand the context in which the company is operating and themanner by which it
has carried out its analysis and conclusions on the risks and opportunities associated
with climate change.

Even though neither the TCFD recommendations nor the Guidelines on Non-
Financial Reporting are binding, they have the potential to steer current practice
of disclosure towards demand for precise and relevant information. A key chal-
lenge when it comes to disclosure is the examination of the range of possible future
pathways resulting from combining social and environmental systems (Rogelj et al.
2018). In order to aid this challenge, forward-looking methodologies, such as sce-
nario analysis are being called upon by e.g. the Non-Binding Guidelines on Non-
Financial Reporting. Scenario analysis provides a powerful tool for integrating what
the future might look like into today’s reality. Given the importance of forward-
looking assessments of climate-related risk, scenario analysis is an important and
useful methodology for a company to use, both for understanding strategic implica-
tions of climate-related risks and opportunities and for informing stakeholders about
how the company is positioning itself considering these risks and opportunities (see
also TEG Report, page 11).

A relatively new scenario framework facilitates the coupling of multiple socioe-
conomic reference pathways with climate model products using the representative
concentration pathways. The scientific community has agreed on five pathways: the
so-called “Shared Socioeconomic Pathways (“SSPs”). In short: this will allow for
improved assessment of climate impacts, adaptation and mitigation (Kriegler et al.
2014). To better anticipate potential impacts of climate change, diverse informa-
tion about the future is required, including future information on climate, society
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and economic developments as well as their influence on adaptation and mitiga-
tion measures. To address this need, a global Representative Concentration Path-
ways (“RCP”), SSP and Shared climate Policy Assumptions (“SPA”) (RCP–SSP–
SPA) scenario framework has been developed by the IPCC Sixth Assessment Report
(“IPCC-AR6”).

In addition to these developments regarding disclosure, the EU Action Plan has
already delivered additional concrete and tangible steps that aim to understand the
way environmental, social and governance (“ESG”) factors are being integrated into
investment decisions. For which the Directive on the activities and supervision of
institutions for occupational retirement provision (“IORP II”) e.g. introduces dis-
closure obligations on how institutional investors and asset managers integrate ESG
factors in their risk processes. In addition, theMarkets in Financial InstrumentsDirec-
tive (“MiFID II”) and the InsuranceDistributionDirective (“IDD”)will includeESG
considerations into the advice that investment firms and insurance distributors offer
to individual clients.5 What they intend to do is to gather results and make a value
judgment of how useful the current level of detail and disclosure is, before suggesting
amendments to similar laws such as the UCITS Directive 2009/65/EC, the AIFM
Directive 2011/61/EU, theMiFID II Directive 2014/65/EU, the Solvency II Directive
2009/138/EC and the IDD Directive 2016/97.

Once a thorough assessment regarding the level of investment supporting the
transition to a low carbon economy is completed, the need for establishing stricter
climate targets will be evidenced and it is highly probable that regulatory change will
be enacted quickly. Expected regulation will mainly consist of establishing stricter
climate targets.

As climate change damages increase (Bouwer 2011), the search for culprits will
follow. This is likely to trigger increased pressure on legislators and regulators to
figure out a way of measuring alignment with the <2 °C limit or at least requiring
environmental impacts anddisclosures to beprovided considering the broader context
inwhich effects take place. Thiswas e.g. the case of the EUCommonFisheries Policy
(“CFP”), based on the principle of best-available scientific information. To this day,
the impact of fishing on the fragile marine environment is not fully understood. For
this reason, the CFP adopts a cautious approach which recognizes the impact of
human activity on all components of the ecosystem (Borges and Lado 2019). Hence,
the CFP is a set of rules for managing European fishing fleets and for conserving
fish stocks. Designed to manage a common resource, it gives all European fishing
fleets equal access to EU waters and fishing grounds. With mounting availability on
climate science information and the added pressure of the climate crisis, it might
very well be one of the ways in which the legislative approach manages to issue
sensible and relatable direction from a bottom-up perspective.

5https://ec.europa.eu/info/business-economy-euro/banking-and-finance/sustainable-finance_en.

https://ec.europa.eu/info/business-economy-euro/banking-and-finance/sustainable-finance_en
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Regulation

Besides international and national legislation, several Financial Supervisory Author-
ities are increasingly asking for regulation and specifically, transparency on climate-
related issues in the financial world as a prerequisite for a stable financial
system.

On October 11, 2018, the newly founded international network of central banks,
supervisory authorities and international organizations “Network for Greening the
Financial System” (“NGFS”), which includes e.g. the Bank of England and the
German Federal Financial Supervisory (Bundesanstalt für Finanzdienstleistungsauf-
sicht, “BaFin”) and the Deutsche Bundesbank, published a first report stating the
need for short-termmeasures to reduce climate risks in the long term. It warns that the
financial risks of climate change are system-wide and irreversible if left unchecked.

The UK’s Financial Supervisory Authority (Prudential Regulation Authority,
“PRA”) goes even further and issued a draft on how banks should deal with the
effects of climate change (PRA, Transition in thinking). This stipulates that board
members of banks, insurance companies and investment companies must appoint a
high-ranking person who is responsible for the identification and control of climate
risks and who must report this to the Executive Board. Although the draft is relevant
only to British actors, it could serve as a model for subsequent advances by other
supervisory authorities.

The above identified existing and upcoming legislation and regulation will not
only define the current top-down framework but will also be cornerstone of forward-
looking scenario analysis in the RCP–SSP–SPA scenario framework for other
forward-looking metrics.

Litigation

As described above, nations, regions and institutions enact their plans and targets via
legislation and regulation at their respective levels. In cases which these instruments
prove insufficient, slow, are deemed vague or lack enforcement, litigation might
provide aid. A certain gap between legislative and regulatory enforcement might be
filled by climate litigation. Climate litigation is a new field of law that deals with
the legal application of existing laws and the incorporated legal principles to climate
change and its consequences.

Litigation is also expected to aid laws and the re-interpretation of laws regarding
mitigation and adaptation measures, which might intend to oblige governments to
regulate (Zoe and Stella Foster et al. v.WashingtonDepartment of Ecology), increase
the level of ambitious of current targets (Urgenda Foundation v. Kingdom of the
Netherlands) and also seek culprits for past and future damages (Lliuya v. RWE
AG).
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Litigation as a means of pressuring governments and companies to increase the
level of ambition for targets or for claims searching for compensation for damages
related to climate change, is also increasing: 250 climate-related cases have being
enacted in over 25 jurisdictions, a 20-fold increase from 1954–2017 (Nachmany et al.
2017). A general categorization, following the so-called Carbon Boomerang Report
(Barker et al. 2017) for possible litigations suggests that litigation types fall into the
following two categories:

• Failure to mitigate: which will encompass claims seeking to establish liability for
emissions and/or associated climate change impacts. These claims will likely be
either against large emitters (ex. Lliuya v. RWE AG) or against states failing to
establish ambitious enough climate targets (ex. Urgenda Foundation v. Kingdom
of the Netherlands).

• Failure to adapt (including failure to disclose): which will consist of claims from
commercial omissions or misrepresentation of risks derived from not taking cli-
mate change and/or exposure to climate change, thoroughly into account (ex.
Abrahams vs. Commonwealth Bank of Australia). This category will also encom-
pass claims for failing to take appropriate action to adapt to physical and transition
risks within strategic business planning.

As regulation on disclosure around climate related affectations and climate risk is
still incipient, we might see cases as the Abrahams v. Commonwealth Bank of Aus-
tralia, increase in frequency. In this specific case, shareholders of the Commonwealth
Bank of Australia sued the bank, alleging that it violated the Australian Corpora-
tions Act of 2001 with the issuance of its 2016 annual report, which failed to disclose
climate change-related business risks—specifically including possible investment in
the controversial Adani Carmichael coal mine.

Such types of climate litigation are expected to increase and would put pressure
on governments and companies to raise the level of ambitious of their climate targets.
The avenues and claims supporting climate litigation cases are expected to be diverse,
referring to existing constitutional, human rights, corporate responsibility, environ-
mental, civil and securities legislation. In parallel, legislation is expected to push
the balance towards more ambitious targets. These two broad categories, legislation
(including regulation) and litigation, serve to describe the current state of affairs
regarding the treatment of climate change. At the same time, legislation (including
regulation) and litigation serve to describe the incentives and sources of pressure that
governments have for establishing a more ambitious response to climate change.

This section attempts to make the reader aware of the different levels and types
of activities taking place at national levels regarding climate targets and action.
It does not intend to be a comprehensive study of the entire current political and
legislative developments, as that is not the focus of this paper (see e.g. Simlinger and
Mayer 2019). The intention is to draw the reader’s attention to the pressing need for
measuring climate target’s alignment with the well below 2 °C limit from a top-down
approach.
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Bottom-Up: Financial and Corporate Actors Going
the Extra-Mile by Recurring to Science-Based Information

The fact that the previously described political and legal processes are expected to
require rather long-time spans must not be understood and assimilated by financial
nor corporate actors as a motive to slow down. In fact, the contrary, as the advantages
of being ahead of the ball are significant (Wittneben and Kiyar 2009). As front
runner companies’ awareness on the opportunity to capitalize from climate change
increases, the search for tools that allow them to communicate this clearly and directly
is increasing.6

Besides market advantages and regulatory compliance, corporate and financial
actors seem to be motivated to increase their understanding on climate risks and
develop resilient responses to these risks. Many do so motivated by a thorough
understanding of their corporate duties (Hutley and Harford Davies 2016) materi-
alized by means of corporate principles, such as the prudent man principle and the
principle of due diligence. These principles require companies’ managers understand
their own business and carry with it an obligation to thoroughly assess and under-
stand the business environment surrounding of their undertaking in order to ensure
resilient measures are in place to enable their business to thrive. Liability risks arise
particularly from the obligation to disclose the findings of due diligences.

Such principles must be contextualized with the concept of materiality, which
asks for the disclosure of risks that might affect a companies’ capacity to generate
value. In the context of climate change, this determination consists of understanding
if the risks associated with climate-related happenings (e.g. in the form of transition
as well as physical risks) might infringe on companies’ business.

However, law does not define what is to be understood as a material risk, leaving
the determination of what is to be deemed a material risk up to individual actors.
Within e.g. the German system, referring to the German Accounting Standard, the
term “risk” describes possible future developments or events that could lead to a
negative deviation from predictions or targets. “Predictions”, in turn, are statements
about expected developments and events by the companies invested in.When predic-
tions on which the company has based decisions on fail to materialize or materialize
in a different manner to how they were expected to, risks are likely to represent
concrete threats to a company. For which understanding the potential risks climate
change could pose on a business requires a broad set of different predictions to be
contemplated as a demonstration of due diligence. Secondly, it is a means of ensuring
resilient responses are prepared if expected predictions fail to come through.

Considering that concepts must be understood in the light of new circumstances
(Busse 2006), being this one of the main functions of legal methodology, leads us to
understand how issues which might not have been regarded as material at a certain
point in the past, might be regarded as material now. Likewise, issues that were

6This increase can be evidenced by climate tools providers and institutions such as: the 2dii, Carbon
Delta, UNEP FI and right. based on science developing tools and methodologies for demonstrations
corporate and financial endeavor’s alignment with the Paris Agreement.
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relevant in a specific economic and historic context might no longer be material. As
a practical example of an issue that might currently be deemed material and which
was not material until recently, we will refer to climate change. Considering it as a
factor which is likely to have an impact on a company’s capacity to create value, the
relevance of this issue is increasingly affecting decision-making processes.

As a support to this statement and according to the NRFD, companies are required
to disclose information on ESG matters in a sufficient manner as long as this infor-
mation is deemed essential for providing an understanding of the company’s devel-
opment, performance, standing and the impact that its activities have ormight have in
the aspects that constitute ESGdisclosures.According towhich climate-related infor-
mation can be interpreted as falling into the category of environmental matters con-
sidering that modifications in the climate system evidently impact the environment
(Consultation Paper of the Non-Binding Guidelines on Non-Financial Reporting,
p. 7).

According to the Consultation Paper to the Non-Binding Guidelines on Non-
Financial Reporting, the NFRD has a double materiality perspective:

• The reference to the company’s “development, performance [and] position” indi-
cates financial materiality. Climate-related information should be reported if it is
necessary for an understanding of the development, performance and position of
the company.

• The reference to “impact of [the company’s] activities” indicates environmen-
tal and social materiality. Climate-related information should be reported if it is
necessary for an understanding of the external impacts of the company.

Disclosure following this dual perspective should be considered by companies
if they determine that climate constitutes a material issue from either of these two
perspectives. Referred to in literature generally as an outside-in and inside-out per-
spective (Porter 2006). An inside-out perspective asks for corporate managers to
comprehend their business activities’ impact on the environment, in this context the
climate. An outside-in perspective asks corporate managers to understand how cli-
mate change (by means of its legal, social, economic and physical manifestations)
might have an impact on the company’s business environment. This information is
usually more relevant for citizens, consumers and civil society organizations. How-
ever, it is nonetheless increasingly attracting investor’s attention, since they need to
better understand the impact of investee companies in order to measure and asses
the climate impacts of their own investment portfolios (Consultation Paper of the
Non-Binding Guidelines on Non-Financial Reporting, p. 7).

To better grasp the inside-out impact, managers must necessarily look deeply
into their value-chains and understand the emissions associated with it (Porter and
Reinhardt 2007). Understanding the risks that their value chain could be subject to
under different global warming temperatures could offer preliminary guidance and
at this point, constitute a thorough level of disclosure.

Considering climate change is likely to affect businesses from an inside-out as
well as an outside-in perspective, understanding that these impacts will come from
both changes inweather patterns and in regulation attempting to control themanner in
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which enterprises influence such weather patterns through their outputs (emissions),
is thus advisable for management to understand what sections within their business
will be affected.

Considering the current state of legislation and regulation and the vague compul-
sory climate targets established for sectors and individual companies, companies are
left with imprecise guidance for determining what is a sufficient level of ambition
when setting their climate targets. For which the 2 °C limit can serve as a meeting
point, allowing companies—from a bottom-up perspective to contribute their fair
share towards keeping temperatures under the 2 °C limit. This limit offers compa-
nies a threshold against which to set their targets and does not require national plans
and legislation to be fully implemented before doing so.

The 2 °C limit represents the global top-down commitment which is to be attained
by nations coordinating their emission reduction pathways, which with different
levels of progress are trickled down to states, sectors and companies via national
climate plans. This paper suggests that the 2 °C limit can be used by companies for
guidance.

In setting themselves targets which are based on scientific information, which
might be able to demonstrate the alignment to a 1.5 °C or 2 °C limit by means of
using science-based models, companies might have a good means to demonstrate
that they are limiting their emissions in line with climate science. Balancing their
commercial purpose and obligations and simultaneously ensuring their operations
contribute to keeping global temperatures under a certain degree. The reasons for
financial and corporate actions to increase the level of ambition of their targets are
not just altruistically motivated. There reasons motivating these decisions can be
divided as follows:

1. Reduction or avoidance of liability: Companies and financial institutions are
increasingly becoming aware of the requirement to disclose environmental
aspects. Culprits are to be found by means which might follow the direction
of attribution science. As a means of enabling a scientific association between
anthropogenic climate change and loss and damage.7 With studies such as the
Heede study, which managed to trace emissions released historically by specific
entities from the period comprehended between 1854 and 2010, helping shed
some light (Heede 2014). As an example, Chevron is heading the list, being
responsible for 4.54% of global emissions. This type of information might pro-
vide plaintiffs with good enough evidence to take major emitters to court under
allegations of responsibility for contributions.

2. Fair share of responsibility: Corporate Social Responsibility (“CSR”) is a well-
known and widely used term in business. Even if there is little agreement about
what it means andwhat it entails (Brei andBöhm2013), companies are becoming
more aware about the impacts that climate change will bring to their operations
and vice versa, for which they are keen to prevent and reduce climate related risk
as much as possible. The understanding about the correlation between emissions
and global warming is finally entering corporate board rooms.

7Otto et al. 2014.
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3. First movers’ advantage: According to the Consultation Paper of the Non-
Binding Guidelines on Non-Financial Reporting, climate-related information
can be considered to fall into the category of environmental matters. Under the
NFRD, climate-related information should, to the extent necessary, include both
the risks to the financial performance of the company resulting from climate
change and the risks of a negative impact on the climate resulting from the com-
pany’s activities. This regulation and its accompanying non-binding guidelines
ask companies to disclose their affectation to and from climate change, but still
not requiring companies set themselves specific emission reduction targets. Com-
panies setting themselves ambitious targets are trying to ensure that they are not
exposed to regulatory pressures of e.g. carbon prices which are expected to rise
over time or having to reach specific reductions in order to be in line with the
Paris Agreement. As an example, Shell is being sued for its business model being
misaligned with climate change and the plaintiffs are asking the court demands
that they reduce their emissions sufficiently to be guarantee alignment with the
Paris Agreement [Milieudefensie et al. v. Royal Dutch Shell plc. (2019)].

4. Reputation: Additionally, using science-based information as away of determin-
ing appropriate targets is a powerful way to boost competitive advantage in the
transition to a low-carbon economy. This allows companies to demonstrate trans-
parency and external credibility to internal sustainability goals, seeing that these
goals are built upon forward-looking scientific information, which due to the
nature of climate, is bound to deliver strategies which are resilient and adaptive,
thus providing real opportunity for the attainment of goals. In this point, it must
be stressed that reputation is not only connected to immediate economic advan-
tage. In the case of forward-looking risks, such as those brought upon climate
change, commitments towards taking ambitious action, action which of course
requires substation by implementing appropriate measures, take prominence.
Later payoffs of current investments in measures destined to reduce emissions
are uncertain but paired with the certainty that climate damages are to have, it
seems advisable to start setting ambitious emission targets and putting in effort
on determining the best ways to start achieving those targets. This assessment
is based on the need to shift corporate mentality from short term and immediate
returns towards expanding corporate responsibility to events that will take place
in longer time spans. It requires corporate actors to bet and invest in a future
in which next generations have a chance of existing on a liveable planet and
understands corporations as integral to societal functioning but does not limit
their existence to their capacity of generating value in the short term.

As a response to this understanding, concrete proposals are currently gaining
acceptance. Proposals consist of the introduction of science-based information into
decision making processes and target setting.

As an example of industries going the extra mile, the Principles for Responsible
Banking, developed by 28 UNEP FI member banks from five continents intending
to set the global benchmark for what it means to be a responsible bank, and provide
actionable guidance for how to achieve this. Similar to the role that the Principles
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for Responsible Investment (“PRI”) play for asset managers and the Principles for
Sustainable Insurance (“PSI”) for insurance underwriters, these principles aim to
address the longstanding need for an umbrella framework to cover all aspects of
sustainable banking.

One of the best-known indicators in this area is the so-called Science Based Target
(“SBT”) of a company developed by the Science Based Targets Initiative. It tells a
company exactly when and how much it should reduce its emissions in order to be
in line with the Paris Agreement. Identifying the target indicating the challenges
of transitioning to 2 °C is the first step towards building trust with stakeholders to
deal wisely with the challenges of operating in a world shaped by climate change.
The approach is considered to be “an interesting research opportunity to follow
organizations on their journey toward setting substantive climate change targets”
(Dahlmann et al. 2017).

The proposal of PRI to use science-based information for target setting is clearly
endorsed, thus demonstrating the financial industry’s currency and awareness on the
matter. PRI proposes that banks set themselves climate targets in line with a science-
based target in conjunction with the Paris Climate Agreement Capital Transition
Assessment (“PACTA”) tool. There are several other methods and tools out there as
e.g. Carbon Delta’s Value at risk, being used by a working group with 13 investors,
commissioned by UNEP FI or right. based on science’s X-Degree Compatibility
(“XDC”) Model.

Science-Based Climate Information as the Key to Align
a Company’s Business with the <2 °C Target

Climate change and socioeconomic conditions are strongly intertwined through the
wider socioeconomic impacts of the response to climate change (Knight andGanguly
2018). The relationship between economic activities and their impact on climate
change is evidenced by the fact that economic growth continues to be relatively
coupled with increasing emissions (Hickel and Kallis 2019). Emissions which are
unquestionably linked to increased levels of global warming. For which it is thus
advisable to frame corporate activities through this lens, when requirements for
specific levels and time spans regarding emission reductions are to be made.

In order to align corporate targets with global climate targets, understanding the
relationship between emissions and the associated levels of global warming these
emissions lead to by having a basic understanding of the science behind it is pivotal.
This understanding serves for determining the appropriate level of ambitiousness of
targets to be established. In order tomake this understanding operational into concrete
guidance, science must be integrated (Choi 2005) and connected with corporate
language and figures in order to increase the likelihood of appropriate corporate
strategies being taken up.
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Having agreed on a global goal which is based on scientific information requires
that targets set at lower levels also take that scientific information into account. At a
global scale, if we for example assumed that global gross domestic product (“GDP”)
continues to grow 3% per year, decoupling must occur at a rate of 7.3% per year
for keeping global temperatures under the <2 °C limit (Hickel and Kallis 2019). In
order to translate global findings into directions for corporate action, science-based
models which combine company data as well as climate data might proof a good
first step towards providing an answer.

The hypothesis presented in this article, is thus the question of usability of theXDC
Model as a methodology that can provide an insight for companies to understand
if their climate targets are in line with the 2 °C limit. The XDC Model attempts
to provide an answer by combining company data considering a range of socio-
economic scenarios and corresponding climate projections. Climate impact scenarios
take into account various affected sectors, climate change projections and future
socio-economic developments and thereby provide data on how the world could
look like if specific warming scenarios materialize. Since it is connected to a climate
model and can be connected to further earth systemmodels or socioeconomicmodels,
it provides sophisticated options to understand how an economic activity exacerbates
or relieves climate change (Helmke et al. 2019).

As an example of a science-based model which is able to respond to the require-
ment of combining the impact of business growth and performance on climate change
theXDCModel incorporates: (i) climate scientific insights of e.g. the IPCC, (ii) com-
pany data on sales, growth, emissions or machine activity data and (iii) worldwide
available comparative business parameters such as e.g. gross value added (“GVA”).
The rationale behind the Model is as follows:

The XDC Model indicates for an economic entity (for example a company) how
many °C the world would warm to by 2050 if all economic entities were as emission
intensive as the entity under consideration. Results can serve for e.g. materiality
assessments, since they provide substantiated evidence expressing the level of impact
on and exposure to climate change under different scenarios and could therefore allow
for risks to be reported accordingly.

If for example, a company has an XDC of 2.7 °C, this would mean that the earth
would warm up to 2.7 °C, under the assumption that all companies were as emission-
intensive as the company in question; following the computational logic behind the
XDC Model. For further detail on the rationale on which the XDC Model is built
upon (Helmke et al. 2019), please refer to the following steps:

Step 1: Company’s value for Economic Emission Intensity (EEI)

Economic Emission Intensity (“EEI”) refers to the amount of greenhouse gas
emissions (expressed as tonnes CO2 equivalents) per million Euro GVA.

As a first step a company’s emissions are calculated, with e.g. 2016 being the
base year the increased growth of these emissions is projected until 2050. The value
for GVA is calculated for the same time period. GVA is defined as EBITDA plus
Personnel Costs (Science Based Targets Initiative, 2015, pp. 38).
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The rationale for combing these values is to provide a preliminary answer to
the question: How much GHG are associated with the company’s generation of
one million Euro GVA, between 2016 and 2050. This correlation thus provides an
indicator for the company’s EEI.

Step 2: Global Emissions

The second step consists of the amount of emissions calculated in step 1 being scaled
up along the value for global GVA for the period between the base year, e.g. 2016 up
to 2050. In doing so, preliminary insight can be provided to answer to the question:
What is the amount of emissions that would be released into the atmosphere under
the assumption that all companies were to operate as emissions-intensively as the
company under consideration?

Step 3: Climate Performance

In a third step, accredited findings in climate science are used to calculate the amount
of global warming that would occur if the amount of emissions calculated in step
two were to be released into the atmosphere. By doing this, insight can be provided
on: the level of global warming that would result if every company were to operate
as emissions-intensively as the company under consideration.

The calculation of global warming associated with an amount of GHG emissions
and other climate pollutants consists of the following steps:

(1) Emissions
(2) Impact on atmospheric concentration
(3) Impact on radiative forcing
(4) Impact on global warming.

In order to determine the impact of emissions on climate the XDC recurs to the
climate model Finite Amplitude Impulse-Response (“FaIR”) (Smith et al. 2018).
This model includes a comprehensive carbon cycle which spreads the anthropogenic
CO2 emissions among four reservoirs specifically soil, deep ocean, oceanic mixed
layer and the atmosphere. Information on the amount of carbon accumulated in the
reservoirs is updated every year depending on new emissions and taking into account
reservoir-specific decay times of carbon.

Understanding the urgent need for alignment of targets at national, regional, sec-
toral and corporate levels with thewell below 2 °C limit, leads the authors to conclude
that the XDC Model can be a useful model to provide initial guidance and response
to this question. The XDCModel allows companies to get an initial insight into their
corporate targets’ alignment with the <2 °C limit. The manner in which the XDC
Model attempts to provide an answer to the question of alignment, is as described
above, by means of evidencing the correlation of corporate emissions to the increase
in global temperatures those emissions would lead to. This calculation takes place
within the science part of the XDCModel, which recurs to the FaIRModel, which is
the same model the IPCC used in its Fifth Assessment Report (“AR5”) to establish
the well below 2 °C limit.
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The demand for the incorporation of scientific information is taking place at all
levels, with Article 2.1 lit. c of the Paris Agreement establishing a concrete limit,
which was established based on climate science. A target which is to be reached only
by coordinated action, and which will ultimately by trickled down to companies,
who have the advantage of being able to adapt and change course in shorter time
spans. With the support of science-based methodologies providing the first steps for
enabling the understanding required to put natural science and man-made economic
and social progress on a harmonious level.

A global target agreed at a global level has been established, shaping the amount
of emission reductions that must be collectively reduced. This global target sets the
tone for actors at lower levels, mainly nations whose emission reductions should
be conducive to keeping global temperatures well below 2 °C. Coordination and
correlation of existing targets at a national level is still insufficient but does not act
as an impediment for actors within countries to calculate targets that can be aligned
with the <2 °C limit. As current methodologies exist that allow corporate actors to
correlate their individual contributions to the global <2 °C limit, we see the <2 °C
limit as a quantitative threshold which must be taken advantage of and can serve
as reference for target setting from a top-down approach which is responded to by
targets established individually bottom-up.

Limitations:

• TheXDCModel,which is suggested by this paper as amethodology to allow actors
at all levels to determine if their targets are in linewith keeping global temperatures
under the <2 °C limit, is still in ß development phase. Further developments need
to be incorporated into theModel in order to provide a robust answer to a verifiable
alignment with the <2 °C limit.

• Formal requirements of scientific information being incorporated into corporate
and financial decision-making processes are mainly taking place at an academic
level. Legislative and regulatory mandates are still vague and weak in this regard.

Future prospects:

• The code behind the XDCModel will bemade open source, providing the research
and academic community to improve the Model and its usability for financial and
corporate decision-making processes regarding climate targets’ alignment with
the <2 °C limit.

• Provide clear guidance on how the XDC Model can be used to answer questions
of materiality, when it comes to quantify climate-related risks in regards to their
alignment or lack of with the <2 °C limit.
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Chapter 12
Provision of Climate Services—The XDC
Model

Hannah Helmke, Hans-Peter Hafner, Fabian Gebert and Ari Pankiewicz

Abstract With global warming starting to shape economic realities, tools for
measuring the impact of climate change mitigation activities and economic activities
in general are required to be increasingly precise. Specifically, these tools will be
expected to bring more clarity as to whether activities are compatible with a <2 °C-
world or not. This fine but decisive distinction between what is climate-friendly
and what is climate-friendly enough to support the transition to a <2 °C-world is
a question being asked with increasing pressure by a range of stakeholders, such
as policymakers, investors and financial institutions. The X-Degree Compatibility
(XDC) Model determines the contribution of a single economic entity to global
warming under various scenarios. It aims to deliver precise information that will
allow for entities to understand their level of climate-friendliness in detail. Since the
XDC Model is connected to a climate model and can be connected to further earth
system or socioeconomicmodels, it provides sophisticated options for users to under-
stand how an economic activity exacerbates or relieves climate change. Outputs are
expressed in °C, enabling the user to associate results with different levels of climate
change and use climate targets as a clear benchmark for assessing the effect of the
economic entity’s climate action. Generally, understanding a company’s impact on
climate change is valuable information for decision makers and can also give further
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insights into what kind of climate-related risks the company may face. The XDC
Model therefore delivers useful information when it comes to demonstrably steering
a company into a <2 °C-world.

Requirements for Methods That Measure Climate Impact

A company’s climate change impact is one aspect of its overall sustainability, or its
total impact on the environment (United Nations n.d.). In most cases, it has been sep-
arated from corporate or financial risk management (Colas et al. 2019). As climate
change is increasingly acknowledged as a risk factor that could materially affect a
company’s financial performance (Colas et al. 2019), the relevance of measuring not
only a company’s impact on climate change but also its exposure to climate change
has recently started to spread within companies. While the traditional sustainabil-
ity perspective is looking at climate change from the inside-out, understanding the
impact of a company on climate as a part of the environment, another perspective is
gaining more attention, one that complements the inside-out perspective by enabling
a holistic view of climate change shaping corporate realities (Porter and Kramer
2006). This is the outside-in perspective: what is the effect of climate change on
a company (Task Force on Climate-related Financial Disclosures (TCFD), 2017a)?
Recently, the regulator within the EuropeanUnion (EU) has started to require compa-
nies to report on both the outside-in perspective as well as the inside-out perspective
[2014/95/EU, Article 19 (a) (d)]. This is an effort to foster a new form of collab-
oration between the sustainability and risk management of a company. One of the
consequences is that the impact on and the exposure to climate change is increasingly
expressed in metrics and targets because risk management is a quantitative exercise
revolving around uncertainties, likelihoods and thresholds. Results will be used for
managing climate-related risks through sustainability strategies that take such risks
into account (Schulte and Hallstedt 2018).

Until now, this has been a vision and not a reality. While traditional sustainabil-
ity metrics, such as the carbon footprint of the company, can be interpreted as the
impact of the company on global warming, its significance with regards to express-
ing climate-related risks is increasingly challenged (Hoffmann and Busch 2008).
Additionally, traditional risk management metrics, such as the Value at Risk, may
capture short-term risks, but they are not set to grasp the risks that emerge with
climate change over time (Dietz et al. 2016). Neither traditional sustainability nor
risk metrics consider that the impact on climate change can be intertwined with the
exposure to climate change. A company that has a high impact on global warming
might e.g.—depending on the social attitudes towards global warming—be exposed
to high reputational risks because of its high impact.

New models built to generate respective metrics and targets, such as the XDC
Model, canmake up for such shortcomings if theymanage to respond to the following
requirements:
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– Forward-looking: Climate change is an issue triggered by past and present actions
and will unfold in complex and non-linear ways in the future. The quantified
climate-related risks and thus potential financial losses or gains relating to an
economic activity in the future are the impact of a decision made today. Methods
aspiring to capture climate-related risks and potential financial losses or gains are
therefore expected to take the future into account.

– Scenario-based: The nature of climate change and its related risks and opportuni-
ties do not allow for the extrapolation of climate-related risk-factors into the future.
In case of an infinite number of possible future conditions of a world shaped by
climate change and therefore not a solid basis for probabilities, scenario analysis
provides a comprehensive pathway for creating a profound understanding of risks
and opportunities (Stirling 1998).Methods aspiring to capture climate-related risks
and potential financial losses or gains are therefore expected to take the future into
account by applying scenario analysis for dealing with climate-related uncertainty.
Since scenario analysis is about understanding how possible futures could look
like and getting a feeling for the nature and magnitude of future risks and opportu-
nities, such an analysis must always cover several scenarios. Relying on just one
scenario can be deemed negligent (Schneiderman 2015).

– Open for sensitivity analysis: There are various types of scenarios, ranging from
qualitative stories about the future to quantitative representations of certain ele-
ments of the future. Scenarios of the type used in traditional risk management
assessments are built by establishing quantifiable relationships between driving
forces (Hassani 2016). Different levels of a key drivers’ individual dispositions
result in different corresponding responses through context factors and therefore
show different outcomes. Scenario analysis requires input data by the user. The
better the input data quality for important parameters, the more valid and thus
useful the results. Measuring the sensitivity of the outcome of scenario analysis
to variations of values for a single key driver helps to determine the required data
quality for input data. Best-practice methods aspiring to capture climate-related
risks and potential financial losses or gains therefore provide the user access to
the underlying scenario framework. Resultingly, the user can determine the level
of data quality that is appropriate for the purpose of the intended use of scenario
analysis.

– Science-based: In context of this study, “science-based” is defined as based on the
latest findings of climate science and studies of the impact of climate change on
socioeconomic structures. Relevant scientific findings refer e.g. to the consequence
of an amount of emissions released into the atmosphere for the climate system as
assessed by Earth System Models (Steffen et al. 2016) or emission budgets asso-
ciated with different levels of radiative forcing as projected by the Representative
Concentration Pathways (RCPs) (Millar et al. 2017b). Further relevant scientific
findings refer to climate impacts assessed byClimate ImpactModels, such as those
listed by the Inter-Sectoral Impact Model Intercomparison Project (ISIMIP n.d.).
Climate Impact Models can e.g. be used to determine the Social Cost of Carbon
(Ricke et al. 2018). In the context of this study, science-based refers to the climate-
related computational processes of the model exclusively and does not apply for
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bespoke input data or assumptions that vary under different scenarios. The plau-
sibility and scientific backing of the input data and thus the quality of the results
is the responsibility of the user. Data sources and scenario-specific assumptions
should therefore be made transparent when displaying results.

In order to have a meaningful and valid benchmark for interpreting results, impact,
meaning the consequence of an economic activity on the climate system, and expo-
sure, meaning the impact of climate change on socioeconomic systems, should be
defined in a way that corresponds to the nature of the input data and thus the out-
come of either Earth System Models or Climate Impact Models. Methods aspiring
to capture climate-related risks and potential financial losses or gains are therefore
expected to be science-based, meaning rooted in best possible representations of the
kind of Earth Systems and Impact Models that provide the benchmark for interpret-
ing model results. The criterion “science-based” especially applies to a method’s
ability to set an emission reduction target in line with a chosen climate target backed
up by climate science (McSweeney and Hausfather 2018). A science-based climate
target refers to an emission reduction target that is demonstrably in line with climate
scientific findings of accredited scientific institutions, such as the Intergovernmental
Panel on Climate Chang (IPCC), on limiting global warming to well below 2 °C.
The delta of a company’s planned emission trajectory to a company’s science-based
emission target is a relevant piece of information for several stakeholders. For exam-
ple, investors have started to associate risk with investing money into a company that
cannot provide a strategy for avoiding emissions which would not be available in a
<2 °C-world (Leaton and Grant 2018).

– Transparency: Transparency of the discussed models’ structure, assumptions and
input data sources is key for comparability of results. The need for transparency
comes from two perspectives: (1) the regulator, who is very likely to regulate an
economic entities’ impact on climate change due to the potential of severe levels
of climate change towards undermining financial stability (see e.g. EU Action
Plan) and (2) the market itself which is likely to acknowledge climate change as
a material risk and therefore understands that a high impact on and exposure to
climate change might represent a competitive disadvantage for an entity (Gitsham
2018).

The following sections will first present the structure and functionalities of the XDC
Model and then match the above-mentioned requirements against the XDC Model.

XDCModel

The XDC Model determines the impact of an economic entity on climate change.
Based on scientific findings and regulatory requirements, it calculates the climate
metric known as the XDC. The XDC measures e.g. a company’s contribution to
global warming by expressing how many °C the earth would warm up to by 2050,
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if all companies operated as emission-intensively as the company in question. If, for
example, a company has an XDC of 2.7 °C, this means, according to the calcula-
tion logic being the XDC Model, that the earth would warm up to 2.7 °C by 2050
if all companies were to operate as emissions-intensively as the company under
consideration.

In summary, the calculation is based on how many emissions an economic entity
needs in order to generate 1 million Euros of Gross Value Added (GVA) between a
base year and 2050. Emissions considered include Scope 1–3 emissions as defined
by the GHG Protocol (Ranganathan et al. 2004): Scope 1 emissions are defined as
“direct emissions from owned or controlled sources”. Scope 2 emissions are defined
as “indirect emissions from the generation of purchased energy”. Scope 3 emissions
are defined as “all indirect emissions (not included in scope 2) that occur in the
value chain of the reporting company, including both upstream and downstream
emissions”.

Assumptions for the development of emissions and GVA between the base year
and 2050 are to be set according to plausible references.

Familiar Concept: Science Based Targets

TheXDCModel can be combinedwith the Science Based Targets (SBT) as a familiar
concept, which has been initiated by the Science Based Targets initiative (SBTi) in
2015.

The SBTi is a collaboration between CDP, World Resources Institute (WRI),
World Wide Fund for Nature (WWF) and the United Nations Global Compact
(UNGC) with the aim of advancing science-based target setting into a standard busi-
ness practice by 2020 (SBTi 2019c). Companies’ GHG emission reduction targets
that are validated against the criteria of the SBTi are referred to as “SBT” (SBTi
2019b).

The basis for calculating a SBT is a global carbon budgetwhich defines the amount
of GHGs that can be emitted before global warming exceeds a specific temperature
threshold (SBTi 2019c). Consequently, that raises the question on how to allocate
the remaining budget amongst sectors and individual companies. The SBTi suggests
various approaches:

The so-called Sectoral Decarbonization Approach (SDA) allocates the global
carbon budget to different sectors based on different scenarios of the International
Energy Agency (IEA). Within each sector, companies can derive their reduction
targets based on their relative contribution to the total sector activity and their carbon
intensity relative to the sector’s intensity in the base year. While the SDA is well-
suited for homogenous and emission-intensive industries, it is not well suited for
companies from heterogeneous sectors or not-covered sectors (SBTi 2015).

Advice regarding this approach has being provided, suggesting another approach
be followed. An approach that consists of e.g. setting absolute targets by using
contraction of absolute emissions. This means that all companies reduce their carbon
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emissions at the same rate, irrespective of their specific sectoral affiliation (SBTi
2019c). Alternatively, it could also consist of setting economic intensity targets based
on the contraction of economic intensity (SBTi 2017).

While a SBT provides an existing and renowned framework for setting a <2 °C-
compatible emission reduction target for a company, there are caveats when it comes
to using resulting targets as a robust base for generating long-term climate strategies:

1. Latest research indicates that for setting credible science-based targets it is essen-
tial to take into account a bandwidth of plausible scenarios and assumptions of
key parameters (Rose and Scott 2018; Kok et al. 2018).

2. Transparency about uncertainties within underlyingmodels and assumptions that
might have an influence on the outcomes, which in this case are resulting targets,
is essential (Martinez-Moyano 2012).

3. A dynamic use of <2 °C-scenarios is necessary to factor in newest climate sci-
entific findings1 around e.g. the role of non-energy emissions from agriculture
(Hirsch et al. 2017), the effect of disruptions on climate mitigation (Wilson et al.
2019; Schewe et al. 2019) or the role of socio-economic developments for a
realistic representation of mitigation pathways (O’Neill et al. 2014).

The SBTi is aware of those caveats and as of today working on appropriate responses
(SBTi 2019a).

With a SBT providing an existing framework for setting a <2 °C-compatible
emission reduction goal for a company, theXDCModel complements that framework
with additional information that serves as the basis for decisions on how to deal
with climate-related risks and opportunities and steer a company towards a <2 °C-
compatible business structure.

XDC Model Output: Standard XDC and Scenario Based XDC

The XDC Model’s output can be divided into two main categories:

1. Standard XDC: This assumes standard assumptions for economic growth and
emissions between the base year and 2050. The underlying assumptions assume
the ratio between emissions and GVA remains the same until 2050. Due to using
the same assumptions for every computed XDC, the Standard XDC serves the
purpose of comparing one company to another or to another peer group, such as
a sector. Although those assumptions can be regarded as a scenario, we believe
they are too simplified for treating their results as a scenario outcome.

2. Scenario Based XDC: This allows individual assumptions for economic growth
and emissions for each year until 2050 to be assessed. By doing this, XDCs
based on different scenarios can be computed. Furthermore, the Scenario Based

1The need for amore dynamic use of climate-related scenarios for deriving decision-relevantmetrics
was an outcome of several workshops and presentations of the conference Scenarios Forum 2019
in Denver. https://www.scenariosforum2019.com/.

https://www.scenariosforum2019.com/
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XDC allows for variation in Scope 1–3 consideration. A user can decide what
percentage of Scope 1–3 emissions should be covered by the resulting XDC.
Determining scenarios allows auser to consider emissions targets, strongbusiness
growth expectations, expansion plans or the effect of modern technology on
decarbonization e.g. the supply chain.

XDC Model: Input Data Needed

Input data for determining a Standard XDC and a Scenario Based XDC with the
XDC Model comes from different data sources, which are described in Table 12.1.

Parameters and corresponding assumptions for determining a Standard XDC or a
Scenario Based XDCwith the XDCModel comes from different data sources, which
are described in Table 12.2.

Table 12.1 Input data and exemplary data sources for determining a Standard XDC or Scenario
Based XDC with the XDC Model

Input data Description Exemplary data source

Scope 1–3 emissions Specific to economic entity
under consideration e.g.
company or sector

Self-reported data; third-party
data providers; Integrated
Environmental Accounts

EBITDA Specific to economic entity
under consideration e.g.
company or sector under
consideration

Self-reported data; third-party
data providers; OECD
Database (OECD Data, n.d.)

Operating income
corresponding to EBITDA
for financial Institutions

Specific to economic entity
under consideration e.g.
company or sector under
consideration

Self-reported data; third-party
data providers; OECD
Database (OECD Data, n.d.)

Personnel expenses Specific to economic entity
under consideration e.g.
company or sector under
consideration

Self-reported data; third-party
data providers; OECD
Database (OECD Data n.d.);
Destatis (Genesis-Online
Datenbank (2019)

Global GVA for base year
2016

59.0 e (trillion) World Bank and OECD
National Accounts (World
Bank Open Data n.d.; OECD
Data n.d.)

Atmospheric concentration
CO2-Equivalents (CO2eq) for
2016 (base year)

490 parts per million (ppm) National Oceanic and
Atmospheric Administration
(NOAA) annual Greenhouse
Gas Index (AGGI) (2018)
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Table 12.2 Parameters, corresponding assumptions and their exemplary sources for determining
a Standard XDC or Scenario Based XDC with the XDC Model

Parameter Assumption standard XDC Assumption scenario based
XDC

GVA growth until 2050
specific to economic entity

3.2% Compounded Annual
Growth Rate (CAAGR)
(World Economic Outlook
Database 2019)

Specific to economic entity
under consideration e.g.
company or sector
Source: Accredited research
papers for decoupling growth
from emissions; or users of
the XDC Model (e.g. a
company uses its climate
target as input parameters)

Emission growth until 2050 No decoupling of economic
growth and emissions, thus
3.2%

Specific to economic entity
under consideration e.g.
company or sector
Source: Accredited research
papers for decoupling growth
from emissions; or users of
the XDC Model (e.g. a
company uses its climate
target as input parameters)

Scope 1 emission
consideration

100% Specific to economic entity
under consideration e.g.
company or sector
Source: The user of the
XDC Model

Scope 2–3 emission
consideration

50% Specific to economic entity
under consideration e.g.
company or sector
Source: The user of the
XDC Model

Global GVA growth until
2050

3.2% CAAGR for Standard
XDC (World Economic
Outlook Database 2019)

User of the XDC Model
Source: Any accredited
research papers for global
growth projections

Basic Steps of Processing

The impact of an economic entity on global warming is computed through three
major steps. The three steps are described by using a company as an example of an
economic entity.



12 Provision of Climate Services—The XDC Model 231

Step 1: Economic Emission Intensity (EEI) of the Company

In a first step, we define Economic Emission Intensity (EEI) as the amount GHG
emissions (expressed as tonnes CO2eq) per million Euro gross value added (GVA).
GVA is defined as EBITDA plus Personnel Costs (SBTi 2015). We use GVA as the
factor to relate emissions to, because it measures the actual value that a company
generates between costs and revenues without distortions stemming from taxation
and interest rates.

In order to calculate the company’s EEI, its emissions corresponding to the period
between 2016 (base year) up to 2050, are linked to the GVA corresponding to the
same period.

By doing this, insight can be provided on: How many greenhouse gases (GHG)
is a company going to emit in order to generate one million Euro GVA, between the
base year and 2050.

Formally, let ek, k = Base year, …, 2050 be the emissions for year k, gvak, k =
Base year, …, 2050 the GVA for year k in million Euros. Then the average EEI for
the period under consideration is

EE IAvg =
2050∑

k=Baseyear

ek/
2050∑

k=Baseyear

gvak

Step 2: Global Emissions

In a second step, this economic emission intensity is scaled up along the value for
global GVA for the period between the base year, e.g. 2016 up to 2050. By doing this,
insight can be provided on: What is the quantity of emissions that would be released
into the atmosphere if every company were to operate as emissions-intensively as
the company under consideration?

Formally: Let gvaw,k be the global GVA for year k, k = Base year, …, 2050 in
million Euros. Then the cumulative global emissions ew,Cum for the period from the
base year to 2050 can be projected as

ew,Cum = EE IAvg ·
2050∑

k=Baseyear

gvaw,k
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Step 3: Climate Performance

In a third step, accredited findings on climate science are used to calculate the amount
of global warming that would occur, if the amount of emissions calculated in step
two were to be released into the atmosphere. By doing this, insight can be provided
on: the level of global warming that would result if every company were to operate
as emissions-intensively as the company under consideration.

The calculation of global warming associated with an amount of GHG emissions
and other climate pollutants consists of the following steps:

(1) Emissions and other climate pollutants, such as aerosols
(2) Impact on atmospheric concentration
(3) Impact on radiative forcing
(4) Impact on global warming.

In order to determine the impact of emissions on the climate we use the simple
climate model Finite Amplitude Impulse-Response (FaIR) (Smith et al. 2018; Millar
et al. 2017a). This model includes a comprehensive carbon cycle which disseminates
the anthropogenic CO2 emissions among four reservoirs namely soil, deep ocean,
oceanic mixed layer (warm layer near the surface) and the atmosphere. It is used
by the IPCC and referred to in several scientific publications (IPCC 2018; Mattauch
et al. 2018; Thompson 2018; Schwarber et al. 2018). For every year the amount of
carbon accumulated in the reservoirs is updated depending on the new emissions and
the reservoir-specific decay times of carbon. Feedbacks of the carbon cycle to higher
global temperatures are incorporated; especially the reduced absorption capacity of
the reservoirs on land and in the ocean due to increased temperature. It is possible to
include up to 40 different GHGs and other climate pollutants into the model (Smith
et al. 2018).

Once we have determined the amount of the substances that reach the atmosphere,
we can calculate the increase of their atmospheric concentration. A higher concen-
tration results in higher radiative forcing. Radiative forcing is the net change in the
energy balance of the Earth system; this is the difference between the incoming
sunlight absorbed by the earth and the energy radiated back to space. Due to the
greenhouse effect, a part of the energy radiated by the Earth is reflected by the atmo-
sphere and radiated in all directions including the Earth’s surface. FaIR calculates
13 separate forcing groups.

The final part of this third step to determine an economic entity’s XDC is to
calculate the temperature change that results from the combination of the individual
forcing groups. Simpler models summarize the effect of radiative forcing on the
climate to a single parameter, climate sensitivity. FaIR distinguishes between a slow
response to the forcing coming from the upper ocean and a fast response from the
deep ocean. The total temperature change is the sum of these two components.

All XDC calculations should be based on a range of plausible scenarios and plau-
sible ranges of assumptions for key parameters. For the sake of simplicity, we don’t
test sensitivity to key parameter assumptions and use single scenarios to determine
Scenario Based XDCs and Target XDCs in this study.
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Example 1: Calculation of the Standard XDC for Enel S.P.A.

In order to make the process of calculating a company’s XDC more concrete, we
provide a description on how the Standard XDC for the Italian energy producing
group Enel S.P.A. (“Enel”) is calculated. As base year we take 2016. Enel reported
for this year an EBITDA of 15.2 billion e and personnel costs of 4637 million e
(Enel S.P.A. n.d.a). their corresponding GVA 2016 adds up to 19.9 billion e. We
obtain emission data from the 3rd party data provider Engaged Tracking. They report
for Enel in 2016 the following data:

Scope 1 80,000,000 t CO2eq*

Scope 2 380,000 t CO2eq*

Scope 3 63,000,000 t CO2eq*

* For confidentiality reasons the original values were modified.
As stated above, only 50% of the Scope 2 and Scope 3 emissions are considered for
the calculation of the Standard XDC.

The values for emissions and GVA are projected until the year 2050 with the
assumption of an economic growth of 3.2% per year and a constant EEI which
means that emissions also grow by 3.2% per year.

Summing up the values for each year, we calculate cumulative emissions and
GVA of the company for the period 2016–2050. The cumulative emissions amount
to 7020,921,824 t CO2eq, the cumulative GVA is about 1250.9 billione. This results
in an EEI of about 5613 t CO2eq per million e GVA. By multiplying this EEI with
the World GVA of 2016 (59.0 trillion e, World Bank Open Data n.d.) we get the
worldwide cumulative emissions for the period 2016 to 2050 under the assumption
that every companyworldwide has the sameEEI as the company under consideration.
This amount of emissions serves as input for the climate performance calculation of
the XDCmodel. It is beyond the scope of this article to provide a detailed description
of the calculation of the climate performance.

Based on the above-mentioned data points and assumptions, our climate model
yields a Standard XDC of 6.3 °C for Enel. The calculation steps, which we just
described for total emissions can be conducted for Scope 1, Scope 2 and Scope 3
emissions separately. Resulting Standard XDCs are Scope 1 XDC of 5.8 °C, Scope
2 Standard XDC of 1.1 °C and Scope 3 Standard XDC of 3.2 °C.

Example 2: Calculation of a Scenario Based XDC for Enel
S.P.A.

This assumes that Enel wants to decarbonize its operations until 2050. Furthermore,
they want to reduce the emissions per kWh energy generated by 15% until 2016
and by 25% until 2020 compared to 2007 (Enel S.P.A. n.d.b). We can compute a
Scenario Based XDC to test whether this reduction strategy is in line with the Paris
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Agreement. For this task we have to set some additional assumptions. In this study,
we provide only a basic example to explain the rationale of Scenario Based XDCs,
for which we meet the following strongly simplified assumptions:

• Annual growth rate of Enel’s GVA equals 3.2%
• Reduction rates for Enel’s emissions are equal for Scope 1–3 emissions
• Between 2017 and 2020 the emissions are reduced annually by 2.5% of 2007
emissions

• Between 2021 and 2050 additional emissions reductions of 2.6% per year
(compared to 2007) so that by 2050 all operations are carbon-neutral.

By applying this reduction strategy Enel would save about 72% of emissions until
2050, compared to the emissions projected under the assumptions of the Standard
XDC. The XDC values would decrease to 3.04 °C for Scope 1, 1.07 °C for Scope
2, 2.02 °C for Scope 3 and 3.54 °C in total. To interpret the results e.g. against the
backdrop of the ParisAgreement, they have to be contextualized, as e.g. by comparing
them with respective Target XDCs under a plausible bandwidth of 2 °C scenarios.

Contextualisation of XDC Results

In order to understand the meaning of a single XDC and be able to interpret it
correctly, the user of the XDC Model is encouraged to work with more than one
XDC result. XDC metrics that provide valuable context for this are e.g. Baseline
XDC, Target XDCs or Sector XDCs.

This is because XDC values for economic entities are purely physical-climate-
values dependant on the amount of emissions that would be generated until 2050
under the assumption that all economic entities behaved as emission intensive as the
company under consideration. This means that they do not consider any alternatives
to the role of a certain sector or company in a world shaped by climate change.

In this paper, we describe three helpful ways of contextualizing XDC values:
First, by adding the Baseline XDC, second the Sector XDC and third, the Target
XDC (IEA 2DS). For the latter two, we provide practical examples.

1. Baseline XDC

One useful type of Scenario Based XDC is the Baseline XDC. In the underlying
baseline scenario, the development of GVA and emissions between base year and
2050 follows current trends and considers the expected results of e.g. relevant legis-
lation and regulation which has been adopted but not yet fully implemented. It does
not include any developments that depend on political or other decisions that have
not yet been taken. Along the lines of proper scenario analysis, the Baseline XDC
serves well as the starting point in a comparison between different Scenario Based
XDCs. In order to understand e.g. the level of ambition of an emission target, a com-
pany’s Baseline XDC can be compared with a Scenario Based XDC that assumes
the company reaches its climate targets.
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2. Sector XDC

In order to interpret a certain entity’s XDC value, a comparison with its sector can
be useful. Sector XDCs can be computed either by

a. Peer-group based approach: In this approach, aggregating data on GVA and
Scope 1–3 emissions for a minimum number of relevant companies within a
NACE (Nomenclature statistique des activités économiques dans laCommunauté
européenne) sector yields a Sector XDC. If the group of selected companies is
representative for the sector and the choice of companies is unbiased towards any
criterion, emission intensities are calculated for the group. An average emission
intensity, weighted by the companies’ GVAs, is calculated and used to determine
the corresponding Sector XDC for a company,

or by

b. Country-based approach: In this approach, sector and country specific data from
national inventories are used to define a sector. Ideally, emission and GVA data
are available for each sector on a regional basis in aggregate form from gov-
ernment entities. However, availability for different types of data varies strongly
between regions and countries. While GVA data is generally widely available
from national accounts data and accessible via databases of e.g. the UN statistics
division,2 emissions data is less standardized. In Europe national Air Emission
Accounts, containing country specific emissions data for various ISIC (Inter-
national Standard Industrial Classification) sectors (with varying granularity)
are compiled and available from the Eurostat online database.3 However, other
regions of the world do not report their emissions at such a granular level or
use different classifications to group and count emissions. Emissions data based
on the GHG inventory protocol of the Paris Agreement is available for many
countries from the United Nations Framework Convention on Climate Change
(UNFCCC) but mapping the data from the respective reporting format used
in these reports to industry sectors proves difficult for most sectors. For this
approach, only Scope 1 data is available.

It is crucial that the emission data used for determining a Sector XDC is comparable
to the emission data being used for the economic entity under consideration which is
to be compared to the Sector XDC. For example: calculating a company’s Standard
XDCwith self-reporteddata and comparing it to aSectorXDCbasedondata provided
by a 3rd data provider is potentially biased and thus might not render a valid analysis.
This is why it is necessary to state the emission source as well as the assumptions
for economic growth and the rate of decoupling between GVA and emissions that
were applied for calculating an economic entity’s XDC and a Sector XDC when
comparing an economic entity to its sector.

2http://data.un.org/Data.aspx?d=SNAAMA&f=grID%3A201%3BcurrID%3ANCU%
3BpcFlag%3A0, Access date: 02/05/2019.
3https://ec.europa.eu/eurostat/en/web/products-datasets/-/ENV_AC_AINAH_R2, Access date:
02/05/2019.

http://data.un.org/Data.aspx%3fd%3dSNAAMA%26f%3dgrID%253A201%253BcurrID%253ANCU%253BpcFlag%253A0
https://ec.europa.eu/eurostat/en/web/products-datasets/-/ENV_AC_AINAH_R2
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Table 12.3 Standard XDCs, Sector XDCs and Target XDCs for selected companies

Company NACE sector Standard XDC
(Base year
2016) (°C)

Standard sector
XDC (Base
year 2016) (°C)

Target XDC
(IEA 2DS)
(°C)

Enel S.P.A. Electricity, gas,
steam and air
conditioning supply

6.3 6.6 3.8

Deutsche
Telekom AG

Wireless
telecommunications
activities

1.6 1.4 1.2

Table 12.3 shows exemplary Standard XDCs of two companies in 2016 with high
and low XDC values and compares them to the Standard XDC Base year 2016 and
Target XDC (IEA 2DS) of their NACE sector. Table 12.2 shows the underlying data
sources and assumptions on which the results in Table 12.2 are based.

All Standard XDCs, including Standard Sector XDCs were computed based on
the assumptions as set out in Tables 12.1 and 12.2. Standard Sector XDCs were
computed by following the peer-based approach and thus by aggregating data on
GVA and Scope 1–3 emissions for at least 10 relevant OECD companies within each
NACE sector.4 Such Sector XDCs served as the base for calculating Target XDCs.
Target XDCs cover Scope 1–3 emissions and refer to companies operating within
the OECD.

3. Target XDC

While the overall goal of emission reductions should be aimed at achieving compati-
bilitywith the transition to a <2 °C-world, this is not necessarily the same as achieving
an XDC of <2 °C. Feasibility of cutting CO2 emissions differs from sector to sector,
e.g. there exist feasible technological low-emission alternatives to coal power plants,
while it is a lot harder to cut emissions from cement production to the same degree.
Using a holistic approach, the excess of emissions caused by those industries with
limited reduction potential needs to be compensated for by additional reductions in
other sectors to achieve an overall <2 °C compatibility. Consequently, sector-specific
Target XDCs need to be defined based on the sector’s emission reduction potential in
the context of the other sectors’ reduction potential. In addition, regional differences
regarding the capabilities to adapt low emission technologies may need to be taken
into account.

Climate targets such as the <2 °C-target are set either by political agreements or
by voluntary corporate commitments (Art. 2 (1) Paris Agreement). To assess whether
planned emission reduction measures reduce actual emissions sufficiently to reach
the target, climate models are used. Renowned climate models are e.g. MAGICC65

4Standard Sector XDCs are based on the following number of aggregated companies: Electricity,
gas, steam and air conditioning supply: 33; Wireless telecommunications activities: 33.
5http://www.magicc.org/, Access date: 06/05/2019.

http://www.magicc.org/
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from Potsdam Institute for Climate Impact Research (PIK) or Hector (Hartin et al.
2015) from University of Maryland.

Integrated Assessment Models (IAM), such as MESSAGE from the International
Institute for Applied system Analysis (IIASA 2013)6 or ETSAP-TIMES (Loulou
et al. 2005) from the IEA quantify how technologies, markets and policy could evolve
in order for socioeconomic futures to stay between those target budgets. The cost-
effectiveness of different technologies is considered when laying out such futures.
They do so by creating bespoke scenarios, such as the 2 °C-scenario called “IEA
2DS” developed and published by the IEA within their scenario framework Energy
Technology Perspectives (ETP) (IEA 2017). 2 °C-scenarios usually consider miti-
gation and adaptation capacities by different sectors, countries and regions, which
results in laying out cost-effective contributions to emission reductions in line with
the overall achievement of the 2 °C target for various industry groups and regions at
various points of time in the future. However, granularity in terms of sector differ-
entiation, time and region varies between models published by various institutions
(TCFD 2017b).

Using respective data and assumptions fromsuch IAMs, one possible intuitiveway
to determine annual emission goals for a sector is given by using the sector’s overall
emissions budget bs (this is the amount of emissions allocable to the sector according
to the 2 °C-scenario) and the assumption of an exponential emission reduction via

bs =
aN∑

k=a0

ea0 · (1− r)k−a0 ,

where a0 is the base year, aN the target year (usually 2050), k is the index for the
years and r is the annual percentage reduction in emissions starting from the amount
ea0 in the base year of the sector. Solving this equation for r then gives sector-specific
annual emission reduction goals that are in line with the chosen IAM.

For the purpose of calculatingTargetXDCs, theXDCModel treats each sector like
a business entity with GVA growth and emission reduction rate values obtained from
the underlying 2 °C-scenario. The emissions that would be released if all companies
were as emission intensive as the sector under consideration and as defined by the
2 °C-scenario, are the input emissions for the calculation of the Target XDC. They
can be determined as

es,p =
aN∑

k=a0

EE Is,k · gvaw,k,

where es,p is the projected total emissions of sector s from the years a0 to aN , EE Is,k
is the emission intensity in year k of sector s, and gvaw,k is the projected overall
GVA in year k.

6http://www.iiasa.ac.at/web/home/research/modelsData/MESSAGE/MESSAGE.en.html, Access
date: 06/05/2019.

http://www.iiasa.ac.at/web/home/research/modelsData/MESSAGE/MESSAGE.en.html
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The calculation of the Sector’s EEI corresponds to Step 1 of the XDC Model
computation process. The calculation of es,p corresponds to Step 2 which yields
global emissions. Calculating the Sector Target XDC corresponds to Step 3 which
determines the climate performance.

Besides direct emissions, indirect emissions also need to be considered when
assessing a company’s climate performance and calculating its Sector Target XDC.
This is because companies often have a strong impact on their choice of energy
supplier and at least some leverage on the behavior of their stakeholders along the
upstream and downstream supply chain. The challenge with regards to incorporating
indirect emissions into a sector’s Target XDC lies in the attribution of a companies’
indirect emission to their respective sectors. Scope 2 and 3 emissions can usually
not be attributed to the same sector, to which Scope 1 emissions are attributed by
using the company’s NACE code. Scope 2 emissions can rather be distributed to
the power sector, whereby Scope 3 emissions mostly stem from a wide variety of
sources, which can again be attributed to a wide variety of sectors (Ranganathan
et al. 2004). To avoid double counting, Scope 2 and Scope 3 emissions are currently
considered with a factor of 50% only.7

As a consequence, for Scope 2 emissions, scenario-specific emissions reduction
goals of the power sector are used. For Scope 3, an emission reduction rate is used
that is aggregated from all sector-specific emission reduction rates as set out by the
chosen 2 °C-scenario.

Using the sector-specific emission data as generated with the peer-group-based
approach, the following formula yields the emissions used for a Sector Target XDC:

es = 1.0 · es,s1 + 0.5 · es,s2 + 0.5 · es,s3,

where es,s1, es,s2 and es,s3 are the respective Scope 1, 2 and 3 emission averages of
the sector-specific peer group of companies.

And in terms of economic emission intensity, the computation goes as follows:

EE Ik = 1.0 · es,s1
gvas

+ 0.5 · es,s2
gvas

+ 0.5 · es,s3
gvas

= es
gvas

,

where gvas corresponds to the average GVA of the peer group of companies.

Example 3: Target XDC Calculation

In order to illustrate the Target XDC calculation process with an example, this section
shows how an OECD Target XDC for the power sector can be computed.

7In some cases, as e.g. for sectors with high Scope 3 emissions, it could make sense to cover more
than 50% of Scope 3 emissions. Respective analyses are up for future research.
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Using air emission account and national account data from Eurostat (n.d.) and
OECD (OECD Data n.d.), we have computed the total GVA and total Scope 1 emis-
sions for the power sector of the majority of OECD countries for the year 2016,8

gvaOECD = e238,923M, es1,OECD = 0.87GtCO2eq. This leads us to the Scope 1
power sector EE I of these countries:

EE Is1,OECD = es1,OECD

gvaOECD
= 3.635× 10−3 tCO2eq

e
.

Using the globalGVAasof 2016, gvaw = e59.6 trillion, and an annual reduction9

of rs1 = 0.0691 we get cumulative emissions from 2016 until 2050 of
be,s1 = ∑

a
EE I · gvaw · (1− rs1)

(a−2016) = 2879GtCO2eq

We apply the climate performance calculation within the XDCModel to obtain a
Scope 1 Target XDC of xdc

(
be,s1

) = xdc(2879GtCO2eq)= 2.59 °C for the OECD
power sector.

Since country data cannot be used to calculate the Scope 2 and 3 emissions and
GVA of a sector, we use the weighted average Scope 2 and Scope 3 EEI10 of 25
companies11 in the power sector which operate in the OECD:

EE Is2,peer = 6.46MtCO2eq

117,068M
= 0.055× 10−3 tCO2eq

e

EE Is3,peer = 390.15MtCO2eq

117,068M
= 3.333× 10−3 tCO2eq

e

The reduction rate of Sector 2 is rs2 = 0.0691 (based on IEA ETP 2016 Power
Sector), and of Sector 3 is rs3 = 0.0400 (based on overall reduction rate). We get a
power sector Target XDC of 1.12 °C for Scope 2 and 2.93 °C for Scope 3. Combining
these values to a Scope 1–3 target XDC along the above-mentioned computation
process we get a total Target XDC of 3.80 °C for the OECD power sector. This
Sector Target XDC serves as Target XDC for every company in the Power Sector
within the OECD.

8Based on values for the OECD countries AT, BE, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IT,
LT, LU, LV, NL, PL, PT, SE, SI, SK; all data from Eurostat and OECD databases.
9The reduction factor is computed using the CO2 budget of the IEA’s 2DS (ETP 2016) for power
industry, OECD.
10The average is weighted by the GVA of the companies.
11Data source emissions data: Engaged Tracking; Data source GVA: Factset Research Systems.
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Strategy Development for Transitioning Towards
a <2 °C-World

This chapter delves into how to set a 2 °C-compatible emission reduction pathway
with the XDCModel and benchmark new investments against the company-specific
emission reduction requirements set out by this pathway.

2 °C-Compatible Emission Reduction Pathway

Let C be a company with a Baseline XDC higher than its Target XDC. In order to
achieve that Target XDC, C must reduce its cumulative emissions from 2016 (base
year) to 2050 by a share e according to the following formula:

e = 1− bt
bC

where bC represents the cumulated emissions corresponding to the Baseline XDC
of company C and bt represents the cumulated emissions of the Target XDC.

An emission reduction pathway for a company results from connecting the dots
between its specific Baseline XDC and its sector specific Target XDC. The reduction
pathway needs to be determined in a way that makes sure that the company’s 2 °C-
budget will be kept.

To hold the limit of the target budget bt the company must reduce the amount of
emissions e0 in the base year a0 by a yearly reduction rate r until the target year aN .
The following equation holds:

bt =
aN∑

k=a0

e0 · (1− r)k−a0 .

For r there is no analytical solution available; therefore, approximation methods
are required.

Since an XDC corresponds to an equivalent average EEI, a reduction pathway
connecting the Baseline EEI with the Target EEI along r and thus without exceed-
ing the company-specific 2 °C-budget, can be determined. The reduction pathway
sets the benchmark for assessing whether a measure as e.g. the introduction of
a certain “green” technology, can be regarded as “green enough” to be deemed
2 °C-compatible in the context of the company at hand.
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Enel Target XDC (IEA 2DS):
EEI (t CO2eq / 1 million € of GVA)

Graph 12.1 Enel’s relative emission reduction pathway expressed in t CO2eq/1 million e of
GVA for Scope 1–3 emissions according to Target XDC (IEA 2DS). In 2016, Enel needs 5613.00 t
CO2eq in order to generate 1 millione of GVA (Standard XDC). Assuming Enel reduces emissions
exponentially, its EEI in 2050 has to decline to 643 t CO2eq/1 million e of GVA in order to be in
line with the emission reduction goal as set out by the IEA 2DS (ETP 2016) for the OECD power
sector

Example 4: Defining a 2 °C-Compatible Reduction Pathway

For the sake of simplicity, we use Enel’s Standard XDC as its Baseline XDC.
Graph 12.1 shows the reduction pathway of Enel’s EEI between the base year 2016
and 2050 under the assumption of equal EEI reduction rates for each year. The EEI
for each year describes the required rate of decoupling in order to be 2 °C-compatible
according to the underlying set of assumptions.

Graph 12.2 shows Enel’s corresponding absolute emissions reductions between
the base year 2016 and 2050 in t CO2eq. It should be noted that the IEA generally
assumes considerable negative emissions in the second half of the century (IEA
2017). Consequently, emissions will not have to be reduced to zero by 2050. In order
to take alternative views of the future into account, Target XDCs based on a plausible
bandwidth of scenarios should be computed.

Example 5: Assessment of Climate Mitigation Activities

A climate changemitigation activity, also “measure” is 2 °C-compatible if it supports
the required rate of decoupling between emissions and GVA as described by the
sequenced EEI between the base year and 2050. In other words: in order to be 2 °C-
compatible, ameasure needs to generate sufficientGVA for the emissions it produces.
What is deemed sufficient is described by the company’s required rate of decoupling.
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Graph 12.2 Enel’s absolute emission reduction pathway for Scope 1–3 emissions according to
Target XDC (IEA 2DS). The sum of each year’s absolute emission as the surface below the curve
represents Enel’s 2 °C-compatible carbon budget for contributing to reaching the 2 °C climate target
until 2050. The carbon budget is calculated based on scenario assumptions of the IEA 2DS (ETP
2016) scenario

To compute whether a certain measure, e.g. the implementation of a technology,
is 2 °C-compatible, the following aspects need to be determined:

1. The measure’s GVA potential: potential cost savings based on measure specific
aspects such as energy consumption, maintenance or material efficiency minus
the potential measure’s investment costs.

2. Themeasure’s emissions potential: potential Scope 1–3 emissions resulting from
themeasure,whereas Scope 2 emissions can be derived fromenergy consumption
data.

The measure specific EEI is computed and compared to the average EEI require-
ments of the company’s EEI pathway between start and end of life of the measure.
The closer the EEI of the measure is to the company’s average EEI in a 2 °C-scenario
for the lifespan of the measure, the stronger will be the measure’s support towards
the company’s achievement of the 2 °C target. In case the EEI of the measure is
even lower than the company’s average EEI in a 2 °C scenario for the lifespan of
the measure, it supports a rate of decoupling of emissions from GVA, which even
exceeds the necessary rate for the chosen 2 °C-scenario.

Assessingwhether ameasure supports the 2 °C target of a company or not consists
of a long sequence of calculations. Within the scope of this study, it shall be stressed
that due to its flexible setup, the XDC Model provides the possibility to understand
a measure’s contribution to reaching climate targets. A detailed description of how
this can be done with the example of a technology for a car manufacturer is provided
by Mathea (2018).
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Evaluation of the XDC Model Against Requirements as Set
Above

Having presented the structure and functioning of the XDC Model, followed by a
set of context metrics and exemplary use cases, such as determining an emission
reduction pathway and assessing whether a measure is 2 °C-compatible, the XDC
Model can be benchmarked against the requirements for methods which determine
the contribution of a single economic entity to climate change.

– Forward-looking: The XDC Model refers to the future in two ways: Firstly, it
considers emissions and GVA between a base year, such as 2016, and 2050. Emis-
sions and GVA are modelled for each year and can be adjusted to the effects of
happenings on the amount of emissions and GVA in a certain year or a certain
period of time. Secondly, future climate-related consequences of today’s decision
become apparent by being translated into levels of global warming, which is a
relevant risk.

– Scenario-based: The XDC Model is scenario open, meaning not tied to only one
scenario but can work based on different scenarios. Since it computes the impact
of an economic entity based on input parameters GVA and emissions, which are
cumulated for each year between a base year, such as 2016, and 2050, those
input parameters can very simply be adjusted to different scenarios by the user.
Since the XDC Model determines the impact of an economic entity through the
simple climate model FaIR, temperatures corresponding to different amounts of
emissions reaching the atmosphere can be determined. A beginner scenario might
come in the form of different growth rates for GVA and Scope 1–3 emissions. A
more sophisticated scenario may come in form of a detailed scenario framework
aiming to model GVA and emissions and consisting of driving forces, context
factors and a quantification of their relationships. The XDC of a company can
thus be understood under different scenarios, enabling the user to understand the
nature and magnitude of future risks and opportunities that can be derived from
the impact of an economic entity to global warming.

– Open for sensitivity analysis: The analysis of climate-related risks and opportuni-
ties depends on data, which can be highly uncertain. Best examples are Scope 3
emissions of an economic entity or the value of a reasonable CO2-price at a cer-
tain point in the near, mid and long term. Uncertainty does not allow for ignoring
such factors, but requires methods incorporating a reasonable range of values for
uncertain factors. The higher the uncertainty, the larger the range onwhich compu-
tations should be based on in order to derive valid and useful results. Because the
XDCModel is connected to the simple climate model FaIR, which can determine
temperature increases for any amount of CO2eq reaching the atmosphere, a range
of temperature increases can be determined for different levels of a chosen input
parameter. In the context of the XDC Model, such parameters could be driving
forces for GVA or emissions developments in the future. Depending on how sensi-
tive the outcome is to changes of a certain input value, ranges of values that handle
uncertainty in an appropriate manner, accredited findings in climate science. As a
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conclusion, the XDCModel allows the user to conduct proper sensitivity analysis
contributing to its ability to create sound results on the impact of an economic
entity to global warming.

– Science-based: In the context of this study, we defined “science-based” as based
on the latest findings of climate science and studies of the impact of climate
change on socioeconomic structures. We stress that this definition applies to the
climate-related computational processes of the model only and does not apply
to bespoke input data or assumptions that vary under different scenarios. Since
the climate model FaIR is an established and peer reviewed climate model, the
XDC Model’s results can be used to derive an economic entity’s relation to the
impacts of a certain degree of global warming on socioeconomic structures. We
therefore conclude that the XDC Model is a science-based model, able to yield
science-based climate metrics, such as a science-based emission reduction target
of a company.

– Transparency: The XDC Model is accessible as an open source code and thus
transparent in the way it computes the impact of an economic entity to global
warming.

Outlook

Methodologies to understand the impact of a company on climate change and derive
its exposure to climate-related risks are being developed and—in the case of the
XDC Model—are ready to be used for exploring this new field of risk management.
However, many questions remain to be solved.

Some of the most important questions refer to the consideration of the interdepen-
dencies of possible socioeconomic futures and climate change, which are relevant
for the perception of climate-related risks and opportunities for a specific company:

• What does it mean to be a 4 °C-compatible company in a world in which the
transition to a 2 °C-world is managed—driven by policy change motivated by a
generalmindset shift inwhich unsustainable practiceswould no longer be tolerated
and sustainable practices gained support?

• What does it mean to be a 4 °C-compatible company in a world, in which the
transition to a 2 °C-world is managed—driven by low levels of global trade and
high social disparity?

• What does it mean to be a 1.5 °C-compatible company in a world shaped by levels
of global warming of 4 °C, in which economy and international institutions are
strong enough to cope with its consequences?

• What does it mean to be a 1.5 °C-compatible company in a world shaped by levels
of global warming of 4 °C, inwhich economy isweak and international institutions
are ineffective?

Such questions have not yet entered the conversation around climate-related sce-
nario analysis in the practical world. In the academic world, the concept of the
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so-called Shared Socioeconomic Pathways (SSPs) point to how the XDC Model
could provide insight on better and new conclusions.

The SSPs revolve around the interdependencies between different levels of global
warming and socioeconomic pathways (O’Neill et al. 2015). They are built upon
different elements, such as changes in demographics, human development, economy
and lifestyle, politics and institutions, technology and environment and resources
(O’Neill et al. 2015). IAMs can quantify the five different SSPs so that data is
generated on e.g. the amount of emissions that would be released under a certain set
of socioeconomic assumptions as comprised by one SSP (Riahi et al. 2016). Through
this, corresponding climate physical effects can be determined so that challenges
for mitigation and adaptation under the corresponding SSP can be derived (Riahi
et al. 2016). A key insight from incorporating the SSPs into climate change and
climate impact studies is that climate-related risks and opportunities of the same
level of global warming as represented by an RCP vary significantly depending on
socioeconomic conditions (Riahi et al. 2016; Diffenbaugh et al. 2007; Rogelj et al.
2018; Byers et al. 2018). Because of such findings, CMIP6 as the upcoming round
of climate change scenarios, will incorporate SSPs in a more thorough manner into
its results (O’Neill et al. 2016).

For further developing the XDC Model, this has two implications:

1. XDC results must be further contextualized with data on socioeconomic condi-
tions. An XDC of 4.2 °C for a company given resilient socioeconomic conditions
has to be interpreted differently from an XDC of 4.2 °C for a company given
fragile socioeconomic conditions. For the latter, social costs of carbon might
be higher, resulting in a hypothetically higher exposure of that company due to
being held accountable for the damages that its impact on global warming results
renders.

2. SSPs datasets must be incorporated into the computation of country-, sector- and
company-specific EEIs. The quantification of each SSP through different IAMs
provides the opportunity to base computations on bandwidths that cover a sci-
entifically established and plausible space of uncertainty for several parameters,
such as carbon prices. The user’s possibility to generate robust results could be
well improved by such a step.

Some questions also refer to the climate science behind the XDC Model. Besides
improvements through the further incorporation of the socioeconomic dimension, the
XDCModel will be improved through the way it connects an amount of emissions to
a level of temperature. Climate scientific findings and climate change scenarios are
dynamic and have to be adjusted to latest findings. With regards to the XDC Model,
this applies to several sub-elements of the simple climate model FaIR, such as the
role of short-lived climate pollutants or the magnitude of climate change feedbacks.

This study has presented the XDC Model as a method to compute the impact of
an economic entity to global warming and derive its exposure to climate-related risks
under various scenarios. Through several examples, it has stressed the flexibility of
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the model and its robustness when it comes to generating relevant metrics and infor-
mation for assessing how climate-proof a company’s strategy is. Further improve-
ments and extensions of the model revolve mainly around further incorporating the
socioeconomic dimension.

It can be concluded that the XDC Model can be of great assistance towards
determining best possible strategies to detect and eventually deal with climate-related
risks and opportunities in a world shaped by climate change.
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Chapter 13
Climatological Global Solar UV Index:
Measurement and Health Issues in Malta

Roderick Busuttil, Charles Galdies, Joseph Cacciottolo and Charles Yousif

Abstract This study evaluated the knowledge, perceptions and behaviour of the
Maltese population regarding ultraviolet radiation (UVR) exposure and sun protec-
tion attitudes. It also assessed whether the published Global Solar Ultraviolet Index
(UVI) forecasts by the national local weather service are an accurate representation
of the actual local UVR exposure. An analysis of long-term trends in the incidence of
skin cancer in Malta was affected. This study revealed high local awareness levels in
relation to UVI (96%), a relatively high familiarity with its significance (74%) and a
relatively high follow-up of the published UVI forecasts during the summer months
(72%). Notwithstanding this, 79% of the respondents claimed sun exposure during
sun peak hours in summer. Furthermore worrying increasing trends in the reported
cases of all skin cancer types over the past two decades were revealed. It was also
established that 81% of locally published UVI forecasts were within ±1 UVI unit
when compared to ground based integrated erythemally weighted ultraviolet radia-
tion (UVER) data. This study demonstrated the importance for better focused sun
protective campaigns and the relevance of a practical and easily communicable UVI
concept using modern media applications so as to address the worrying situation of
an ever-increasing trend in skin cancer incidence.

Introduction

UVR has been implicated to have significant impacts on human health. Appreciation
of the negative effects of UVR has particularly been spurred by the discovery of the
depletion of stratospheric ozone as a result of excessive anthropogenic release of
chlorofluorocarbons in the atmosphere (Diffey 2002).
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Although minimal UVR exposure is required for the production of the essential
Vitamin D, excessive UVR exposure can be a significant burden on human health
especially on the skin (WHO 2006). In fact, skin cancer is the most significant
complication of chronic UVR exposure (WHO 2006). There is general agreement
among the scientific community that UVR plays a crucial role in the development of
all skin cancer types as it is involved in the various mechanisms of the development
of cancer (D’Orazio et al. 2013).

Skin cancer is the most commonly diagnosed cancer in the world amongst
fair-skinned populations (IARC 2012a). Also according to the WHO International
Agency for Research on Cancer (IARC) figures, both the incidence and mor-
tality rates of all skin cancer types are on the increase globally (IARC 2012a).
Although non-melanoma skin cancer (NMSC) is commoner than melanoma skin
cancer (MSC), the latter is much more significant, due to its aggressive nature and its
capability to spread to distant organs. In fact, although MSC constitutes only 5–10%
of all skin cancer types, it makes up for 75% of skin cancer related deaths and is one
of the most common causes of cancer related deaths among young people (de Vries
et al. 2012).

In an attempt to increase sun awareness and to promote behavioural changes
related to sun exposure the concept of the UVI was introduced by theWHO. Initially
introduced in Canada in 1992, this unitless value which ranges between 1 and 11+
aimed to give amagnitude to harmfulUVR (Kerr et al. 1994). Subsequently,Australia
and USA, as well as other countries developed their own UVI. This was standardised
in 1995 by the WHO and other organisations to serve as an indicator of erythema
(inflammation of the skin) which is considered to be closely related to chronic skin
damage that could lead to skin cancer. Another aim of the UVI was to serve as
an international standard measure of long-term UVR reaching the Earth’s surface.
This would enable the assessment of any changes in the incident UVR arising from
different causes such as anthropogenic causes (Allinson et al. 2012). Finally, in 2002
this concept was expanded by the WHO as a health awareness educational tool that
should be promoted in sun protection campaigns.

The recognition of the ozone hole in the Southern Hemisphere and the increased
awareness of the negative impacts of UVR, triggered the development of new instru-
ments andmethodologies bywhich UVI can bemeasured or predicted (Diffey 2002).
In response to the WHO’s recommendations, this concept was adopted by different
countries in their sun protection campaigns. Such campaigns aimed to increase the
knowledge of the negative impacts of excessive sun exposure thereby discouraging
excessive sun exposure during sun peak hours especially in the summermonths when
the UVI levels increase drastically. The Australian and US campaigns have made
extensive use of the UVI concept through different media sources, including UVI
alerts via smartphone applications and internet widgets. Conversely, sun protection
campaigns in Europe have as yet not followed the Australian and US approach in the
promotion of UVI as a means of eliciting more sun protective practices. In fact, the
primary focus of “Euromelanoma” campaign, which is the European initiative, is on
the detection of MSC lesions at an early stage among high risk individuals. Since
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its introduction in 1999, this campaign has spread rapidly and is now active in 33
European countries with over 450,000 people having received free skin examinations
(Euromelanoma 2019).

Although sun protection campaigns have been running for at least three decades,
there are conflicting findings in published literature regarding sun protective knowl-
edge and the use of sun protection mechanisms among the populations studied.
Low use of sun protective mechanisms were reported globally, even in countries
where studies have shown high levels of sun protection knowledge (Kasparian et al.
2009). Studies have also reported discrepancies by gender, age group and educational
attainment in relation to sun protective attitudes.

Published literature also evidenced a wide variation in the familiarity and knowl-
edge of UVI, showing that persons from European countries are less familiar with
this concept when compared to Australian counterparts and that UVI forecasts are
not influencing the sun protection behaviour (Italia and Rehfuess 2012). To date few
studies assessed the preferred methods by which UVI forecasts and UVI alerts are
being disseminated and analysed in terms of their effectiveness. In addition, these
few studies have focused more on traditional media sources and have not assessed
the use of more modern tools such as smartphone applications and internet widgets.

These findings have raised questions regarding the effectiveness of sun protection
campaigns especially when increasing trends in all skin cancer types have been
reported globally. IARC is predicting that skin cancer rates will double in the next
two decades (IARC 2012a).

Climate change will also be impacting the incident UVR reaching the Earth’s
surface. Warming of the climatic system may result in the increase in atmospheric
water content which in turn will pronounce stratospheric ozone depletion, leading to
an increase in incident UVR reaching the Earth’s surface (Williamson et al. 2014).
Furthermore, warmer temperatures may also be associated with a higher number of
sunburn episodes increasing skin cancer risks. Such risks have also been demon-
strated to be accentuated in climatic conditions of higher temperatures and high
humidity. This will provide a direct association between climate change and skin
cancer risk. On the other hand, higher temperatures can also increase UVR induced
Vitamin D synthesis which is also beneficial to health (Anderson 2012). Thus, the
net balance of benefits and risks of a warmer climate is difficult to predict as it is a
combination of various factors including stratospheric ozone depletion, subsequent
increased levels of UVR and changes in sun exposure behaviours (Williamson et al.
2014).

The Current Maltese Scenario and the Aims of This Study

The Maltese Archipelago is located in the southern central region of the Mediter-
ranean Sea, 80 km south of Italy and 284 km east of Tunisia and having a total area
of around 316 km2. The Maltese population in 2017 was 475,000 (NSO 2018a).
Malta’s climate is typical of the Mediterranean and is strongly influenced by the
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sea (Galdies 2011). The Maltese islands have a pleasant sunny climate with a daily
average of around 12 h sunshine in summer going down to 5–6 h in mid-winter. This
favourable climate attracts a substantial number of tourists each year (in 2017, more
than 2 million tourists visited the islands, NSO 2018b).

The Malta Cancer Registry (MCR) reported that between 1993 and 2013 there
were 8725 new cases of skin cancer which can be divided into 7622 cases of NMSC
and 985 cases of MSC (MCR 2015). The incidence rate of MSC in Malta is 7.3 per
100,000 and is comparable with that of Spain which is 8.6 (IARC 2012b). When
considering the mortality rates of MSC adjusted to the age standardized rates of
European population per 100,000, the European average is 2.3. The Maltese mor-
tality rate (1 per 100,000) compares well with those of neighbouring Mediterranean
countries (IARC 2012a).

Awareness campaigns on the potential harmful effects of UVR and the promotion
of the use of sun protection mechanisms have been held in spring and summer since
the early 1990s (Scerri et al. 2002). However, to date the UVI concept is not being
widely used as a tool for sun protection in these campaigns.

The only source of UVI forecasts in Malta is through a couple of weather
portals including that of the Malta Meteorological Office (Malta MET Office). In
local weather portals there is no data referring to ground based integrated erythe-
mally weighted ultraviolet radiation (UVER) that could serve as a comparison and
validation to the UVI forecasts.

UVI forecasts are reported daily in weather forecasts in traditional media sources
(including television, radio and newspapers). However, no explanation regarding the
implication of the UVI values or the recommended sun protection mechanisms that
should be adopted are stated. Also, currently there are no forms of UVI alerts on
media, even when very high or extreme levels of UVI are being forecasted.

Furthermore the following gaps in knowledge were identified, thereby highlight-
ing the need for a comprehensive study to address these issues.

• Although the Malta MET Office consistently reports very high UVI forecasts,
which exceedUVI 10 during the summermonths, no studies have ever assessed the
accuracy of these forecasts in relation to ground based UVER data. Consequently,
it is still unclear whether these forecasts are an accurate representation of UVI
especially during the summer months.

• Nostudies have investigated the knowledge and awareness ofUVI and its impact on
sun protection behaviour among the Maltese general population. Also, no studies
had ever assessed the effectiveness of the limited communication methods that are
being used and the ways the general public would like to be informed of high UVI.

• There is no published material referring to high UVI alerts in Malta. Additionally,
no studies have ever assessed the preferred sources by which such alerts should
be communicated to the general public.

• No local studies have assessed the impact of climate change on the skin cancer
incidence rates in Malta.
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With an emphasis on a changing climate and related changes in the statistical
distribution of weather patterns associated with increased levels of UVR reaching
the surface, the aims of this study were:

• To correlate the published UVI forecasts by theMaltaMETOffice with the ground
based UVER measurements by means of broad filter radiometers (BFR).

• To assess the awareness, knowledge and behaviour of the Maltese population in
relation to UVI and sun protection.

• To assess long term trends in the incidence of skin cancer in Malta

The methodologies used to investigate the above will be discussed in three dif-
ferent sections. The findings of this study will also be discussed in the respective
sections.

UVRMeasurements and Forecasts

The first attempts tomeasureUVRweremade in the first two decades of the twentieth
century by using potassium and cadmium cells. However, it was the detection of the
ozone hole in the Southern Hemisphere and its potential negative impacts on health
in the 1980s that induced further interest in measuring UVR more accurately. This
focus on UVR measurement resulted in the manufacturing of different radiometers
and also the development of alternative methodologies to estimate UVR (Diffey
2002).

The next section will discuss briefly the different methodologies by which UVR
can be measured or estimated from which UVER can be calculated.

UVR Measurements Using Ground Based Instruments

In the last two decades of the twentieth century, a number of different instruments
have been developed to measure and calculate the incident UVR reaching the Earth’s
surface. These ground based instruments vary in complexities and capabilities and
can be categorised into three types which include spectroradiometers, multifilter
narrow band radiometers (MNBRs) and broadband filter radiometers (BFRs).

Spectroradiometers, which are the most accurate due to their complexity, measure
the intensity of the UVR as a function of wavelength. The measurements are done at
0.5 nm intervals at high resolution. UVRmeasurements can be achieved using either
mechanical scanning or using microarray techniques (Kerr and Fioletov 2008). They
provide reference data which permits the study of UVR under different conditions.
Brewer and Dobson spectroradiometers are the most common types available.

MNBRs have four to seven filters at different wavelengths which are used to mea-
sure UVR at that particular wavelength using a resolution of 2–10 nm. The presence
of filters permits simultaneous measurement of UVR at different wavelengths in a
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few seconds. MNBRs are easier to operate and cheaper than spectroradiometers but
have significantly less resolution than the latter (Kerr and Fioletov 2008).

BFRs use one filter which allows the passage of radiation over a large wavelength
range. The radiometer’s detector which is composed of thermopiles measures the
UVR wavelength range of that specific filter. Unlike spectroradiometers they cannot
measure specific wavelengths but only a range which is determined by the inbuilt
filter. BFRs are available with different filters of different wavelengths enabling
the measurement of UVA, UVB and UVT. Radiometers with filters that replicate
the erythemal action spectrum permit the measurement of UV erythemal irradiance
(UVE). These types of instruments are specifically used for the calculation of the
UVI since this is directly proportional to the erythemal irradiance (Kerr and Fioletov
2008). BFRs aremost commonly used formeasuring irradiance and for the estimation
of UVI for public use. When compared to the other radiometers discussed so far,
they are relatively inexpensive and due to their compactness can be easily transported
from one place to another. However, unlike other radiometers, they can only measure
one parameter thereby one cannot differentiate between different UVR wavelengths
(Kerr and Fioletov 2008).

UVI Calculations Using BFRs

As already discussed, BFRs are available with various filters of different wavelengths
enabling the measurement of UVR.

UVI is directly proportional to the UVE. Therefore in the case of BFRs which
have filters that replicate the erythemal action spectrum, UVI can be calculated by
multiplying the measured UVE in W/m2 by the constant (ker) equal to 40 m2/W
(WHO 2002).

The subsequent UVI data is better known as UVER and this is unitless.

UVR Estimation Methods

Apart from ground based instruments, there are alternative methodologies that can
be used to estimate UVR and other atmospheric components fromwhich UVI can be
estimated or forecasted. Suchmethodswhich are very complexwill only be discussed
briefly in this section.

UVR can also be estimated using data which is supplied by monitoring instru-
ments on board of satellites. For example, monitoring instruments like the US “To-
tal Ozone Mapping Spectrometer” (TOMS), the Dutch/Finnish “Ozone Monitoring
Instrument” (OMI) and the European “Global Ozone Measurement Experiment”
(GOME) have global coverage and provide daily datasets of atmospheric compo-
nents such as the Total Ozone Column (TOC) data, aerosols and cloud cover. These
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readings use the backscatter of the Earth’s surface to space to measure these com-
ponents. When these datasets are coupled with other temporal and geophysical data
UVR estimates can be performed. This data is available online from the respective
websites of the instruments mentioned above (Kerr and Fioletov 2008). The limita-
tions of these estimates include overlapping factors that can affect the accuracy of
the provided data.

UVR and the concentration of atmospheric components can also be estimated
by the use of Radiative Transfer models (RTMs). This can be performed by using
radiative transfer equations and simulating the atmospheric conditions using satel-
lite based data and geophysical data. The radiative transfer equation is based on the
energy transfer involvedwhen radiation enters amedium, in this case the atmosphere.
By taking into account the absorption, emission and scattering phenomena that take
place in the atmosphere, in conjunction with the temporal and geophysical data of
a particular place, it is possible to estimate UVR (Kerr and Fioletov 2008). These
models provide widespread data in forecasting UVI. If UVR data from ground based
instruments such as MNBRs is integrated with such models, it is possible to con-
struct high resolution spectra. They are also frequently used for comparison purposes
with BFR data for research studies. The limitations of such estimates include their
complexity, which requires expertise in the field. For more accurate estimates, three
dimensional transfer models need to be used to simulate the effects of scattered or
broken clouds, uneven terrain features, snow cover and albedo. Such computations
which are very complex also require expertise in IT systems (Kerr and Fioletov
2008).

Apart from estimating UVR data, it is also possible to use statistical models to
make UVR forecasts. These statistical models use ground based measurements of
UVR which are dependent variables, and relate them to other independent variables
including meteorological and geophysical data. Independent variables which are
taken into account include TOC, aerosols, dust, cloud and snow cover, albedo and
humidity. However, for these forecasts to be computed it is essential to have past
UVRdatasets of ground based readings and also pastmeteorological and geophysical
readings available. When all this data is entered into these statistical models one can
forecast UVR from independent variables, which can be obtained from satellite data.
These forecasts are frequently used for meteorological purposes and are available
online. Inaccuracies of these forecasting models include factors such as pollution,
which can vary significantly, especially in cities (Kerr and Fioletov 2008).

Correspondence Between Forecast and UVER Data

The first aim of this study was to correlate the published UVI forecasts by the
Malta MET Office with the ground based UVER data using BFRs. The study period
was between May and September 2015 where the highest UVR exposure levels are
experienced during the year.
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Forecast UVI Data

The Malta MET Office publishes UVI forecasts on their website https://www.
maltairport.com/weather/7-day-forecast/ resulting from collaborative agreement
with the Dutch based website TEMIS. This website uses a combination of satel-
lite data which is integrated to RTMs to forecast clear sky UVI and TOC data at solar
noon, for a particular location depending on its longitude and latitude. Solar noon
forecasts are used since these correspond to the highest position of the sun above the
meridian in which UVR/UVI levels are at their highest (van Geffen et al. 2005). This
website provides six dayUVI forecasts for a number of locations including that of the
Malta MET Office (Latitude, Longitude, 35° 51′ 00′′N14° 28′ 48′′E). (http://www.
temis.nl/uvradiation/archives/overpass/uv_Malta_airport_Malta_ENS_M8.dat).

The forecast UVI data between May 2015 and September 2015 pertain-
ing to the Malta MET Office coordinates was downloaded from the archive
section of the TEMIS website https://www.temis.nl/uvradiation/archives/overpass/
uv_Maltaairport_Malta_ENS_M8.dat.

Since the TEMIS forecast UVI data assumes clear sky conditions, cloudy days
were excluded from the study.

Determination of clear sky dayswere characterised using theClearness Index (Kt).
Antón et al. (2009) define this index as the ratio between the Total solar irradiance at
ground level over a horizontal surface (EG) and the corresponding atmospheric total
solar irradiance also known as the Extraterrestrial irradiance (ETOA).

Kt = EG

ETOA

The Clearness Index variations are attributed to the attenuation of solar irradiance
due to cloud cover and aerosols. As a corollary this index is the fraction of the
atmospheric solar irradiation that reaches the Earth surface. This expression has
been widely used in similar studies such as those by Canada et al. (2000), as well as
by Antón et al. (2009) to determine clear sky days.

Measurement of UVE Data

In this study the BFR with the filter that replicates the erythemal action spectrum
used was the Kipp and Zonen UV-S-E-T model. This instrument was acquired by
the Institute for Sustainable Energy and installed in its premises in Marsaxlokk
(Latitude, Longitude, 35° 49′ 48′′N 14° 32′ 24′′E). This radiometer was connected
to a Campbell Scientific CR1000 model data logger, which is programmed to take
readings at specified time intervals of 1 min. UVE data between 27th May 2015 and
30th September 2015 was collected for the purpose of this study.

https://www.maltairport.com/weather/7-day-forecast/
http://www.temis.nl/uvradiation/archives/overpass/uv_Malta_airport_Malta_ENS_M8.dat
https://www.temis.nl/uvradiation/archives/overpass/uv_Maltaairport_Malta_ENS_M8.dat
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As per the Kipp and Zonen (2016) product instructions the UVE raw data was
corrected for TOC and SZA using the appropriate software (UVIATOR) which is
supplied by the manufacturing company.

The TOC and SZA data used for this correction was OMI-TOMS algorithm data.
This data was retrieved from the NASA–EOS Aura satellite and is available from
the NASA Aura Validation Data Centre website. Corrected UVE data using the
UVIATOR software was used to calculate the UVER data.

Comparison Between Forecast UVI and UVER Data

As summarised in Table 13.1, this study found that 81% of the published Forecast
UVI during the study period were within ±1 UVI unit when compared to the UVER
data. Furthermore, almost half of the Forecast data (46%) were within the ±0.5 UVI
unit. Also, 72% of all Forecast UVI data were within the ±10% of the UVER data.
It was also demonstrated that 70% of the published Forecast UVI was higher than
the UVER data.

This study found that in 70% of the cases, the Forecast UVI data was higher
than the UVER data, while in 27% of the cases the opposite was applicable. Various
authors such De Backer et al. (2001) and Gies et al. (2004) have highlighted the
fact that forecast data should be an accurate representation of UVR exposure at
ground level. However, in cases of disagreement between the two sets of data, it is
important that the forecast UVI is higher than the ground based UVER reading to

Table 13.1 Comparison between UVER data and forecast UVI data

Dataset (n) (in clear sky
conditions)

% variation

Absolute variation between
Forecast UVI and UVER data
in UVI units

104 Variation within 0.5 UVI
units = 46%
Variation within 1.0 UVI
units = 81%
Variation within 1.5 UVI
units = 98%

Variation between Forecast
UVI and UVER data as a
percentage of UVER

104 5% variation from UVER =
39%
10% variation from UVER =
72%
15% variation from UVER =
90%

Variation (±) between
Forecast UVI and UVER data

104 Forecast higher than UVER
= 70%
Forecast lower than UVER =
27%
Forecast is equal than UVER
= 3%
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ensure that the general public takes the recommended precautions as per the WHO
(2002) recommendations.

The findings in this study confirm that the published UVI forecasts by the
Malta MET Office are a good representation of the measured UVER/UVI exposure.
Although statistical tests demonstrated that there is significant difference between
the differences of the means of the two datasets (Paired t-Test; p-value is 0) and a
modest association between the two datasets (Linear regression model, R2 static is
0.626), as demonstrated in similar studies, variation between forecast and UVER
data within ±1 UVI unit is considered to be accurate for appropriate use of these
forecasts.

Nevertheless, in those 27% of the cases where the Forecast UVI was lower than
UVER data, the implication could be significant especially when the magnitude of
the discrepancy is of 1UVI ormore. This is particularly relevant when the divergence
occurs at the high end categories of the UVI (6+) especially in the summer months
where additional sun protectionmechanisms are necessary. Since these discrepancies
were demonstrated in the summer months (June–September 2015), this could imply
that the climatological forecast UVI data method in use is not accurate enough and
a more robust methodology needs to be adopted.

A limitation of this study was that the findings could not be compared to previous
local studies since no published studies have ever compared the Forecast UVI data
published by the Malta MET Office with ground based UVER readings. These can
serve as a baseline study against which further studies using diverse instruments with
different sensitivities can be compared.

Also, the dataset used for the comparison of Forecast and UVER data was limited
to one summer period betweenMay and September 2015 due to the fact that the BFR
used to measure UVE from which UVER data was calculated was only available
during this timeframe.

Awareness, Knowledge and Behaviour in Relation to UVI
and Sun Protection

The second aim of this study was to assess the awareness, knowledge and behaviour
of the Maltese population in relation to UVI and sun protection. In order to achieve
this, a telephone-based survey was performed.

After considering various sampling methods available, the sampling method used
in selecting a stratified sample was a modified multistage random sampling method.
In this case a two-stage sampling design was used. The first stage in multistage
sampling is to divide the population into clusters and then take a sample from each
one of the clusters. The advantage of such a sampling system is that one can take
an independent sample from a number of clusters (Crawford 1997). The sample
was taken from the latest Go Telephone Directory, which is the most comprehensive
source of fixed telephone numbers of the Maltese population. The random sample
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Table 13.2 Population study classified by gender, age group and highest education level attained

Gender Number of
respondents (n)

% Population of
survey
respondents (%)

Age distribution
(%)

Highest education
level attained (%)

Males 198 49.5 18–25: 14% Primary: 11%

26–40: 27% Secondary: 43%

41–60: 34% Post-secondary:
27%

61+: 25% Tertiary: 19%

Females 202 50.5 18–25: 13% Primary: 17%

26–40: 25% Secondary: 41%

41–60: 32% Post-secondary:
30%

61+: 30% Tertiary: 12%

Total 400 100 – –

used in this study was stratified by gender and age on the basis of the most recent
census of the Maltese general population taken in 2011 by the NSO. The level of
education attained was also assessed. These stratifications permitted the assessment
of possible trends by gender, age group and education in relation to the questions
asked.

Based on the local population, a sample of 384 persons was necessary in order to
have a confidence level of 95% and a margin of error of 5%. However, this number
was rounded up to 400. The telephone survey was conducted between October 2014
and February 2015. Table 13.2 summarises the survey study population by gender,
age distribution and highest education level attained.

Awareness and Impact of UVI Forecasts

This study found very high awareness levels in relation to UVI, high familiarity with
the significance of a UVI of 9 and also a relatively high following of the published
forecasts in the media during summer. In fact, 96% of the persons interviewed were
aware of the UVI, 74% interpreted a UVI of 9 correctly and 72% claimed that they
follow UVI forecasts in summer. These findings are in line with the findings found
in Australia and US whilst significantly higher than those reported in other European
countries.

However, despite the high familiarity with the UVI, only 26% of the study pop-
ulation replied that the UVI forecasts impacted on their work or leisure activities.
In addition, 79% of those interviewed claimed sun exposure during peak sun hours,
whilst more than half of them do so at least once a week. This finding shows that
although a large proportion of the Maltese population acknowledge the significance
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of high UVI and is aware of the negative impacts of sun exposure, paradoxically this
is not being translated into the expected behavioural change.

Results show that there is an association between the level of education attained
and impact of UVI forecasts on work/leisure activities (p is 0.002). In fact, persons
with primary and secondary education tend to be less affected by these forecasts,
when compared to persons with higher education levels.

Preferred Sources by which UVI Forecasts are Communicated
to the General Public

This study has also investigated the preferred sources of UVI forecasts and their
effectiveness in clearly communicating these forecasts to the general public. Tele-
vision (94%), internet and social media (55%), and radio (48%) were the favourite
sources by which UVI forecasts are being communicated. However, the study popu-
lation mentioned that UVI forecasts are most clearly communicated through internet
and social media (92%), followed by television (67%) and radio (45%).

Preferred Sources by which High UVI Alerts are
Communicated to the General Public

This study also assessed the preferred sources by which high UVI alerts should be
communicated to the general public. The four different methods given to the study
population included:

• During weather forecasts
• Spots during television programmes
• Internet widgets/Smartphone alerts via specialised applications
• Ongoing beach education.

Communication of such data during weather forecasts and spots during television
programmes were the preferred method among the study population in compari-
son to other modern sources such as internet widgets/smartphone alerts and ongoing
beach education. However, internet widgets and smartphone alerts were the preferred
sources of UVI alerts communication among persons with tertiary education. Con-
versely, these methods were the least preferred sources amongst those with primary
and secondary education. Also, internet widgets and smartphone alerts were the sec-
ond preferred sources of UVI alerts among the 18–25 and 26–40 age groups, whilst
they were the least preferred sources among persons in the older age group (61+).

These findings are in line with the results of other published studies. Since smart-
phones are still considered as relatively new sources of UVI forecasts/highUVI alerts
and in view of the fact that currently no Maltese applications or widgets offer this
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service, this potential use of UVI forecast may have not been sufficiently publicised.
Furthermore, as shown in the last Maltese census of 2011, on which the sample pop-
ulation of this survey was based, the local population is an ageing one and thereby
may not be conversant with these new sources of UVI forecasts/high UVI alerts.

Knowledge in Relation to the Negative Impacts of Excessive
Sun Exposure

This study also highlighted the fact that the Maltese population is aware of the neg-
ative impacts of excessive sun exposure. A very high percentage of the respondents
(96%) were aware that excessive sun exposure can cause skin cancer, whilst 81%
replied that this can have negative impacts on the eyes. When comparing these fig-
ures to those found in literature it became evident that awareness levels prevalent in
Malta are very high when compared to those obtained in other European countries.

In contrast, this study also highlighted the fact that the majority of the Maltese
population is not knowledgeable enough on the implications of a suntan on health.
This was evidenced by the fact that 62% of the respondents were unaware that a
suntan is always detrimental to health even if one avoids getting burned. This finding
can be partly attributed to media influences that convey the message that a suntan
“looks good” and “makes one more attractive”. It can also be a result of a wrong
perception that a suntanned body is healthy.

Use of Recommended Sun Protection Items During Summer

Another significant finding indicating that the general public is not giving serious
heed to sun protection is the relatively low use of sun protection measures. As illus-
trated in Fig. 13.1, this study found that only 29% of those interviewed use sunscreen
regularly, whilst only 28% of the respondents claimed to use a hat regularly in sum-
mer. These finding are especially significant since sunscreen and hat use are the
most promoted sun protective items in local sun protection campaigns (Malta Health
Promotion Unit website 2016).

The seeking of shade was the preferred sun protection method used by the study
population, with 84% of the respondents claiming to seek shelter regularly. However,
according to Tan et al. (2012) shade provided by beach umbrellas accounts only for a
75% reduction in UVR exposure. The remaining 25% UVR exposure is the result of
UVR reflection from the sea, sand and other reflective surfaces. This sun protection
method alone is not enough to prevent UVR exposure and should be used together
with other sun protection items especially sunscreen (Tan et al. 2012).

Slightlymore than half (56%) of the persons interviewed claimed towear a shirt or
cover themselves regularly when at the beach. Sunglasses, which apart from being
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Fig. 13.1 Frequency of use of sun protective items in summer. (Key to answers: Regular—three
times a week, Occasional—once a week, Irregular—less than once a week)

a sun protection item are also a fashion accessory, are used regularly by 50% of
the respondents. However, it should be stressed that not all sunglasses have adequate
protection againstUVR(Tanet al. 2012).Consequently, as promoted in theAustralian
“SunSmart” campaign, proper labelling of effective sunglasses and fashion glasses
against UVR can help people distinguish between different types of sunglasses.

Gaps Between Sun Protection Knowledge and Behaviour

This study emphasised the fact that although the Maltese population tends to be
well informed on the negative implications of UVR, they still opt to stay in the
sun during sun peak hours without resorting to the use of sun protective items espe-
cially sunscreen and hats. The discrepancies between knowledge and behaviour were
investigated in various behavioural studies that aimed to analyse these observations.
According to Diffey and Norridge (2009), people tend to underestimate the risks
of excessive sun exposure and this would explain why they still engage practices
that may compromise health, such as sunbathing. Conversely, Miles et al. (2005)
argue that people tend to overestimate the effects of sun protective measures such
as sunscreen, since from their UK-based study they observed that people did not
consider sunbathing as a risk factor once they have applied sunscreen. Miles et al.
(2005) in their study have concluded that in contrast to what is common practice in
health awareness campaigns, rather than discouraging the positive perceptions of a
suntanned body or raising the alarm on the possible development of skin cancer, more
focus should be put on aesthetic skin damage such as wrinkling and pigmentation.

This study has also found that there is an association between sun protective
knowledge, behaviour and gender. Females were significantly more knowledgeable
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about the risks of excessive sun exposure and stayed less frequently in the sun during
sun peak hours in summer. Males used hats and shirts when at the beach significantly
more than women did but opted to use sunscreen and sunglasses significantly less
than females.

This study has also found an association between sun protection knowledge and
behaviour and age groups. Although persons in the younger age group (18–25) were
the most knowledgeable in interpreting a UVI of 9, a very high percentage (91%)
claimed to stay in the sun during peak sun hours in summer, when compared to other
age groups. Also, persons in this age group used significantly less headgear and/or
shirts while at the beach and sought shelter significantly less than other age groups.
The observation that young adults tend to be more exposed to the sun while using
sun protective items much less than other age groups is consistent to those reported
in literature. Wright et al. (2008) in their behavioural study argue that young adults
are exposed more to the sun not because they are less aware of the implications,
but because they like to have a suntan. Peer pressure and media influences tend to
overcome their knowledge as well as parents’ recommendations that a sun tan can
be detrimental and can have potential negative health implications in future years.

Long Term Trends in the Incidence of Skin Cancer in Malta

The third aim of this study was to assess long term trends in the incidence of skin
cancer in Malta on the basis of a changing climate.

The analysis of the skin cancer data supplied by the MCR show that there have
been significant increases in all skin cancer types between 1993 and 2003 time frame
and the period 2004–2013. Figure 13.2 shows the number of new skin cancer cases
by type and year between 1993 and 2013.

Statistical tests performed have shown that all skin cancer types have significantly
increased over these last 20 years. In fact, skin cancer data which was obtained from
the MCR shows that the reported cases of total skin cancer cases between 2004 and
2013 timelines increased by 68% when compared to the 1993–2003 period. In the
same period NMSC increased by 65%, whilst MSC more than doubled since the
increase was equivalent to 117%.

When translated to the Maltese context, the introduction of the “Euromelanoma”
campaign after the year 2000, could have had a positive effect on the detection of
all types of skin cancers. Also, according to the 2015 “European Life Expectancy
Report” the Maltese life expectancy between 2004 and 2012 has increased by
1.9 years for women and 1.3 years for men (EHLEIS 2015). Since NMSC is more
commonly found in elderly adults, this increase in life expectancy could have also
partly contributed to the significant increase in skin cancer. Also, although Aquilina
et al. (2007) in their study have mentioned that a proportion of NMSC was still not
being reported at the time of this study, according to MCR officials an increased
surveillance in the last decade was implemented to ensure a more accurate reporting
of these cases.
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Fig. 13.2 Newly diagnosed Skin cancer cases by type and year (Source Malta Cancer Registry
2015) Total Skin Cancer cases include also other less common skin cancer types

However, although the above mentioned factors could partly explain the signifi-
cant increases in the skin cancer incidence rates, according to Stratigos et al. (2012)
these increases are mostly attributed to increasing trends of excessive sun exposure
and low use of sun protection mechanisms (Stratigos et al. 2012).

Shortcomings of the Current UVI Concept
and Recommendations for an Improved UVI Concept
at Global Level

Although various studies are questioning the effectiveness of the UVI during the
past 20 years, to achieve the much desired behavioural changes in relation to sun
protection, only very few studies have put forward recommendations for an improved
UVI concept.

As alreadymentioned, the possible reasons for the gap between highUVI familiar-
ity, sun protection knowledge and behaviour ismultifactorial and cannot be attributed
to one single factor.

One of the few studies that identified recommendations for an improved UVI
concept was the review paper by Italia and Rehfuess (2012). Also, Allinson et al.
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(2012) proposed a number of recommendations in their article, which summarised
the proceedings of the UVI working group meeting on the validity and use of the
UVI held in Germany in December 2011, after identifying a number of shortcomings
in both the UVI concept itself and the way it is being presented to the general public.
According to these studies there are a number of reasons that are hindering the
message from going through effectively. These are summarised below:

The UVI Concept Is not Clear Enough and Can Be Confusing

The above mentioned articles have reported wide variation in the understanding
of the various categories of this concept. The significance of the UVI categories
namely “high exposure”, “very high exposure” and “extremely high exposure” is
causing confusion in their interpretation and also in the subsequent recommended
sun protective mechanisms that should be taken in the respective categories (Italia
and Rehfuess 2012).

In view of this, the UVI working group recommended a study among the various
target groups such as young adults, parents and the elderly, which will assess the
possibility of the remodelling of theUVI concept into a twoor three tier sun protection
scheme, the results of which could be analysed at a larger scale (Allinson et al. 2012).

UVI Presentation Is Inadequate and Ineffective

Another shortcoming identified by Italia and Rehfuess (2012) is the way how UVI
forecasts are being presented in the media. According to them, in many cases UVI
values are given alonewithout their significance and the recommended sun protective
measures, which should be taken for the different exposure levels. This situation is
also applicable to the Maltese context as UVI values are given on their own without
the recommended sun protective measures to be taken.

UVI Is not Being Promoted Enough

Italia and Rehfuess (2012) also highlighted the observation that UVI is not being
promoted enough on themedia. Inmost countriesUVI forecasts are given exclusively
during the weather forecast in the news bulletin during the summer months. This is
also applicable to theMaltese context as UVI is mainly given in the weather forecasts
during news bulletins on media such as television and radios, in the weather section
on newspapers and on local weather portals.

The UVI working group also highlighted the importance of the use of modern
media sources such as smartphone applicationswhich till nowhavenot been exploited
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enough when it comes to the promotion of UVI. Young adults who are more user
friendly with such applications can be targeted. However, they emphasised that till
now no studies have assessed the efficacy of such a media source even though this
was applied in different campaigns such as the Australian “Sun Smart” campaign
(Allinson et al. 2012).

UVI Promotion Should Be Part of Larger Sun Protection
Initiative

Italia and Rehfuess (2012) have also stressed on the fact that UVI promotion should
be one of a number of tools that should focus on raising awareness on the negative
effects of UVR exposure and the promotion of sun protection. They remarked that
the lack of use of the UVI concept could also mean that sun protection campaigns
are failing to achieve the desired outcomes.

Recommendations for a More Effective Use of the UVI Tool
Under a Climate Change Scenario

In view of the shortcomings of the current UVI system in inducing themuch expected
behavioural changes in relation to sun protection, the following recommendations
are being forwarded as a means of improving the UVI concept.

Recommendations for a More Clearly Communicable UVI
Concept

• As a result of the reported lack of clarity in the interpretation of UVI, it is sug-
gested that the current five-tier UVI categories be replaced by the introduction of
a three tier system (1–3). This would include the following exposure levels; “low
exposure”, “medium exposure” and “high exposure”. This should lead to a better
understanding and interpretation of the different exposure levels and the respective
sun protection measures that should be applied at different levels.

• The use of attractive graphical content that clearly indicates the UVI value, the
significance of that exposure level and the recommended sun protective measures
to be used can help the general public to understand better the implications of
a particular UVI value. The promotion of UVI by the use of graphical content
customised for, and directed to, the different age groups can help the different
groups understand this concept better.
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• UVI should also be featured and promoted on a wide range of media sources
including smartphone applications and internet widgets, in addition to the tradi-
tional media sources such as television, newspapers and radio. This initiative will
allow the UVI concept to be more accessible to persons of all age groups and
education levels. However, since no studies have ever assessed the effectiveness
of media sources in the promotion of UVI as part of sun protection campaigns, a
pilot study among target groups should help understand better how different media
sources can be exploited to further this concept.

• The promotion of UVI as part of effective sun protective campaigns should include
all stakeholders involved in the promotion of a healthier lifestyles through the
reduction of UVR exposure. These stakeholders should comprise dermatologists,
psychologists, other health care workers, health promotion officers, campaign
marketing officials, scientists with interest in Earth systems, non-governmental
organisations, educators and other persons directly or indirectly involved, in order
to address the different aspects in this complex scenario. Campaigns should also
include sun protection education in schools, which can help in bringing about
a behavioural change at an early stage, the promotion of healthy sun protection
attitudes during both leisure and work related activities, as well as a revised and
clearer UVI concept.

Recommendations for Improved Local Sun Protection
Campaigns

• Since this study has clearly highlighted excessive sun exposure and a lowuse of sun
protective measures by the respondents, a study that assesses the effectiveness of
the Maltese campaigns and their impact on specific groups is recommended. This
study should target those who might be at a higher risk of developing skin cancer
such as outdoor workers, persons whose lifestyle and hobbies regularly expose
them to the sun and specific groups such as young adults and adolescents. This
would enable the identification of potential shortcomings in the current campaigns
and help establish methods on how these could be remodelled around the various
risk groups targeted in these campaigns.

• Another significant finding in this study is that although there is a very high famil-
iarity with UVI and a high awareness that excessive sun exposure can cause skin
cancer and eye problems, this is not being translated into increased sun protection
practices. Consequently, a behavioural analysis needs to be effected in order to
shed more light on the various reasons as to why sun protection knowledge is not
being translated into healthy sun protection attitudes. The findings from such a
study can help all those concerned to re-design current sun protection campaigns
in order to succeed in bringing themuch desired behavioural change that can result
in significant reduction in UVR induced disease.
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• Since this study has established that those falling within the 18–25 age group are
considered at a higher risk due to their sun exposure attitudes, amore aggressive sun
protection education campaign in schools should be adopted. This should empha-
sise the advantages of using sun protective items and the negative implications of
getting a suntan.

• Furthermore, the mandatory use of sun protective items such as hats and sunscreen
during outside breaks and educational outings in primary and secondary schools,
especially during spring and summermonths (in summer schools) should be imple-
mented. Such measures have already been tried and tested in the Australian and
US campaigns and these should bring the desired cultural change of increased sun
protection among future adolescents.

• The concept of UVI is not being sufficiently promoted in local campaigns. As
recommended above, this concept should be incorporated in the reformulation of
sun protection campaigns.

Recommendations to Introduce Climatological UVER Data
by the National Meteorological Office

• Themeasurement of ground based UVR data by the national meteorological office
using a BFR with the erythemal action spectrum from which UVER data could
be calculated would enable the publishing of UVI data maxima on a daily basis
especially during the spring and summer months. The availability of such dataset,
apart from validating the forecast UVI data, can also serve as a source of ground
based UVR data, which could be archived for future climatological analysis. Such
initiative can be as a short term alternative preceding the introduction of more
robust methodologies by which UVER can be calculated.

• The availability of a locally validated RTM methodology, which is supplemented
with spectroradiometer data tomeasureUVRand other atmospheric variables such
as TOC and cloud parameterisation could enable its use in the remodelled sun
awareness campaigns in which real-time UVER data could be available on smart-
phone applications and internet widgets to enhance public awareness of UVI. A
joint investment by the national meteorological office and the government agency
in charge of sun protection campaigns couldmake thismedium/long term initiative
possible.
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Recommendations Regarding the Increasing Trends of Skin
Cancer in Malta Under a Climate Change Scenario

• In view of the reported lack of complete skin cancer data especially in NMSC
figures, increased communication and surveillance between the officials of the
MCR, dermatologists and medical practitioners involved in the diagnosis of skin
cancer could enable the collection of more comprehensive skin cancer data. The
availability of complete and accurate skin cancer data would enable the assessment
of the current situation of these common cancers.

• Up till now, no published studies have categorised skin cancer patients according
to criteria such as skin type, family history of skin cancer and increased sun
exposure as a result of occupation or hobbies. Such data collection would enable
the identification of trends in the general population of categories that are at a
higher risk of developing skin cancer. This data could permit better targeting
of sun protection campaigns in relation to sun protection and screening through
initiatives like the “Euromelanoma” campaign, that are well within the sphere of
wide climatological studies.

Future Prospects

Figure 13.3 represents inter-related and self-reinforcing recommendations based on
the findings of this study. Although improvements in each category can lead to
progress in that particular field, major advances can only be accomplished if a holistic
approach is adopted throughout.

This approach should include the remodelling of the current sun protection cam-
paigns, the availability of accurate ground based UVER data by the national Mete-
orological Office, a more practical and easily communicable UVI as well as more
accurate skin cancer figures. The UVER data apart from being used to validate UVI
forecasts could be easily adapted to issue UVI alerts using more accessible and inno-
vative technology. This can also be combined with more focused and targeted sun
protection campaigns that aim to convert the sun protective knowledge into action,
in order to address the worrying situation of an ever increasing trend in skin cancer
incidence.

Conclusions

This study demonstrated that a high awareness of the UVI concept is not being trans-
lated into increased sun protection practices notwithstanding that the study popula-
tion is highly knowledgeable with regard to the negative impacts of excessive sun
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exposure. This could be partly attributed to the lack of exploitation of the UVI con-
cept in these campaigns as well as the lack of use of modern media sources such as
smartphone applications and internet widgets. Such media sources are more popular
among the younger age groups, which as evidenced in this study are to be considered
at a higher risk due to their sun related behaviour.

This study also established that the published UVI forecasts by the Malta MET
Office are in agreement with themeasuredUVER/UVI exposure at peak time. In fact,
81% of locally published UVI forecasts were within ±1 UVI unit when compared
to UVER data.

Furthermore worrying increasing trends in the reported cases of all skin cancer
types over the past two decades were revealed.
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Chapter 14
Climate Change Risk and Insurance
as an Adaptation Strategy: An Enquiry
into the Regulatory Framework of South
Africa and Ghana

Ademola Oluborode Jegede, Michael Addaney
and Untalimile Crystal Mokoena

Abstract Climate change and its environmental, social and economic impacts
continue to pose sustainability challenges for governments, organizations and indi-
viduals around theworld.WithAfrica identified as oneof themost vulnerable regions,
adaptation to adverse effects of climate change has been recognised as increasingly
necessary. Adaptation policies have therefore been developed by most African coun-
tries; where some countries have adopted targeted adaptation strategies while others
have introduced more general policy initiatives. Insurance is a vital part of a compre-
hensive set of responses targeted at adapting to future climate change. Insurance, as
argued, can provide resources needed to rebuild societies after experiencing adverse
effects of extreme weather events, and can do so in ways that promote preventive,
risk-reducing action. However, the extent of involvement of the insurance sector and
adoption of climate insurance policies depends on the national regulatory frame-
works governing adaptation. With a particular focus on South Africa and Ghana,
this chapter links climate change risk to the potential of insurance as an adaptation
strategy. It then interrogates the extent to which the regulatory environment can be
harnessed in support of insurance as a climate change adaptation strategy in South
Africa and Ghana.

Introduction

Climate change is recognised as one of the most complex issues of our time and
it is responsible for increased natural disasters, for instance, floods, storm surges,
droughts, and rise in sea level, which adversely affect the human race at large (Mayer
2018; Atapattu 2016). The increasing nature of these occurrences linked to extreme
weather will in all probability exacerbate hunger andmalnutrition, injuries, illnesses,
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water stress, forced displacements of vulnerable populations (IPCC 2018; Jegede
2016a, b). Therefore, climate change and its environmental, social and economic
impacts pose sustainability challenges to governments and populations the world
over. Disaster risk associatedwith climate change is rising due to importunate poverty
and degradation of the ecosystem and the drivers of these risks are aggravated by
climate change. As studies have shown, natural disasters affect up to some 200
million people annually across the world with the number of disasters increasing in
recent decades (Jegede and Mokoena 2018; Guha-Sapir, Hoyois and Below 2013).
Natural disasters increased three times from 2000 to 2009 as compared to 1980
to 1989 (Nagel 2015: 5). Consequently, there is an increasing focus on adaptation
measures at international, regional and national levels to address the adverse effects
of climate change (Abate 2016). The consequences of climate change within the
context of disaster on the African continent is dire. Even though socio-economic
factors contribute largely to the increased disaster losses currently, there is increasing
evidence that climate related events such as increasing extreme precipitation at mid-
and high latitudes, extreme floods and droughts in temperate and severe dry events
in Africa.

Increase in drought and heavy precipitation (the latter often leading to floods) in
that region and certain geographic regions, aswell as extreme temperatures across the
world are due to climate change (IPCC 2014). Of all the continents, Africa will be the
most severely hit by the adverse impact of climate change due to the continent’s weak
capacity for adaptation (IPCC 2014). According to the IPCC (2014), Africa’s major
economic sectors are prone to climate sensitivity, with major economic impacts. This
vulnerability is exacerbated by existing developmental challenges such as endemic
poverty, poor infrastructure, complex governance and institutional dimensions, lim-
ited access to capital, poor energy and low technology, ecosystem degradation, disas-
ters and conflicts. These in turn have contributed to Africa’s weak adaptive capacity,
increasing the continent’s vulnerability to projected climate change. The impacts
of climate change will therefore mount pressures on Africa’s limited resources and
threaten the attainment of sustainable development goals and aspirations. Admit-
tedly, climate change adaptation measures have been developed by most African
countries: while some countries have adopted targeted adaptation strategies, others
have introduced more general policy initiatives. In the face of threats caused by
climate change, a consensus is, however, emerging that additional safeguards are
required to guarantee the health and safety of the most vulnerable groups, communi-
ties and property of the world, including the low-lying island nations, the urban and
rural poor, women, children and indigenous peoples (Jegede 2016a, b; IPCC 2014).

A significant foundation for managing risk and a possible robust adaptation strat-
egy is insurance and other alternative risk-transfer mechanisms that offer disaster
safety nets for vulnerable groups (Jegede and Mokoena 2019). This is because dis-
asters aggravate poverty as poorer victims usually sell their assets and livestock
or engage low-yield farming to reduce their exposure to extreme weather events
(Addaney et al. 2017). Without the infusion of finance, for instance, through insur-
ance, for rebuilding or reconstruction after disasters, the events can have long-term
adverse consequences on socio-economic development. There is consequently a
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heighten need to address weather-related risks by using approaches that enhances
adaptationof themost vulnerable populations to the adverse effects of climate change.
Yet, the introduction of insurance to the discourse of climate change suffers from
a prior disinterest by the insurance industry to associate with climate change (Dlu-
golecki 2000). Nonetheless, the prevalence of climate change raises a great need
to have assets insured against destruction by climate-related causes. It is, therefore,
not surprising that various insurance designs are increasingly considered as part of
a comprehensive set of responses targeted at adapting to future climate change.

Insurance is argued to provide resources needed to rebuild societies after experi-
encing adverse effects of extreme weather events, and do so in ways that promote
preventive, risk-reducing action (Michaelowa 2006). To promote understanding and
adoption of insurance as an adaptation option, this chapter interrogates the extent to
which national policy environment, in particular adaptation policy, creates the plat-
form for the development and adoption of climate risk reduction insurance schemes
in twoAfrican countries: SouthAfrica andGhana. It further discusses the potential of
climate change insurance in adaptation action and suggests how legal and policy bar-
riers facing African governments and insurance companies could be overcome. The
core argument is that national adaptation policies significantly shape the approaches
of organisations and individuals toward climate risk insurance schemes particularly
due to the absence of such provisions in policy debates and developments. Follow-
ing this introduction, Section “Insurance as a Climate Risk Adaptation Strategy in
Developing Countries” conceptualizes climate change insurance and risk reduction
and how insurance can boost the adaptive capacity of developing countries. Section
“Climate Change Risks, Adaptation and Insurance: Policy Responses and Emerging
Strategies from South Africa and Ghana” discusses the legal and policy framework
governing climate change risks, adaptation and insurance in Ghana and South Africa.
Section “Conclusion” summarises and concludes the discussion.

Insurance as a Climate Risk Adaptation Strategy
in Developing Countries

Warner et al. (2009) describe insurance as a contractual arrangement that promises
economic protection against potentially great loss in return for a premium. For exam-
ple, many homeowners purchase fire insurance to shield their property. Whether or
not insurance is a suitable adaptation measure merits a consideration. The United
Nations Framework Convention on Climate Change (UNFCCC 1992) defines cli-
mate change adaptation as actions taken to help communities and ecosystems to cope
with changing climate condition. Adaptation involves practical actions that are taken
in order to handle risks that are climate change related. Adaptations may also be
understood to be adjustments or interventions, which take place in order to manage
the losses or take advantage of the opportunities presented by a changing climate
(Klein et al. 2007; IPCC 2001). Although climate change is a global challenge, it
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is geographically and locally different in terms of impact, vulnerability and adap-
tation (Addaney and Cobbinah 2019). Responses to adaptation have consequently
been developed by African countries where some of them have adopted sectoral
adaptation strategies while others have introduced more general policy mechanisms
(Addaney 2019; Addaney and Cobbinah 2019). The authors also argue that lessening
the growing losses associated with climate-related events such as floods, droughts
and typhoons is crucial to alleviating poverty and in realizing the Sustainable Devel-
opment Goals (Addaney and Cobbinah 2019). Hence, in so far as climate risk insur-
ance involves responding to climate change effects by supporting poor and vulnerable
people in finding climate-resilient development pathways (Schäfer et al. 2016), it is
arguably a significant adaptation strategy. This section focuses on insurance as an
adaptation response.

Linnerooth-Bayer and Mechler (2006) assert that climate change adaptation
responses such as support for insurance instruments have been recognised at the
international and local level in conjunction with the reduction of GHG emissions as a
fundamental component of the response to climate change risks. The extremeweather
events associated with climate change provide an impetus for the insurance commu-
nity to better appreciate and promote tailored-made services. For example, article
4(8) of the UNFCCC calls upon State parties to the Convention to consider actions,
including insurance, in order to fulfill the particular needs and concerns of develop-
ing States as a result of the adverse impacts of climate change (UNFCCC 1992). In
addition, article 3(14) of the Kyoto Protocol encourages State parties to consider the
adoption of insurance (Kyoto Protocol 1997). In particular, efforts toward managing
climate risks such as proactive support for insurance instruments is emerging on the
climate change adaptation agenda ofmany developing countries. For instance, during
the early stages of the deliberations on a global insurance pool at the UNFCCC level,
the Alliance of Small Island States (AOSIS) advanced the notion of an international
compensation fund to be fully financed by industrialized (developed) countries as
a mechanism to compensate low-lying states for the damages associated with sea-
level rise (Linnerooth-Bayer and Mechler 2006). According to article 8(4)(f) of the
Paris Agreement (2015), ‘risk insurance facilities, climate risk pooling and other
insurance solutions’ are an important option in addressing the loss and damages
associated with the adverse effects of climate change. This suggests that extreme
weather-related events have implications for insurance services, in particular, the
micro insurance service.

Micro-insurance is one of the forms of insurance relevant in the context of cli-
mate. Micro-insurance is characterised by low premiums and is typically targeted at
lower income individuals who are unable to pay for traditional insurance policies.
Its operation follows the normal insurance rules, including in relation to the payment
of premiums. The insured, affected areas are provided with the much-needed cash to
survive the impacts of natural hazards felt such as hurricanes, droughts, and floods
(Scherer 2018). Warner et al. (2009) further argue that micro-insurance can cover an
extensive range of risks which are usually related to health and weather risks, such
as crop and livestock. They observe that weather insurance usually takes the form
of a parametric transaction under which payment is done if a chosen weather-index
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such as 5-day rainfall amounts exceeds a certain threshold. The significant role of
insurance firms to adaptation to climate change has also been recognized as a result
of their risks assessment and cost distribution for natural hazards (Phelan et al. 2011;
Johannsdottir et al. 2014). This makes insurance firms pivotal in influencing the
risk-mitigation action of their policyholders (Adger et al. 2005; Mills 2012). The
decision to address climate change adaptation by insurance firms and if addressed,
the adoption of suitable measures and services, is significantly influenced by how
adaptation is conceptualized and governed (Keskitalo 2010; Schwarze et al. 2011;
Juhola 2013; Landauer, Juhola and Klein 2018). This makes it essential to explore
the interaction between public adaptation policy and insurance services.

Yet, there is a scant attention of scholarship on how capacities and incentives for
insurance firms to develop and implement relevant climate risks insurance can shape
national adaptation policy (Agrawala et al. 2011). In particular, even if scholars have
studied corporate adaptation responses (e.g. Berkhout 2012), the interface between
national adaptation governance and adaptive actions of private actors and individuals
are still relatively underexplored (Mees et al. 2012; Tompkins and Eakin 2012). The
involvement of private actors such as insurance firms in addressing climate change
adaptation has been attributed to several factors which essentially relate to the policy
environment of a particular sector and/or its market structure (Grothmann and Patt
2005; Agrawala et al. 2011; Mees et al. 2013). These factors are, however, framed
and shaped by the prevailing climate change adaptation framework. For example,
Keskitalo et al. (2014) argue that a private insurance firm may be directly affected
by public policies that target its primary products, or indirectly by policies that
affect its behaviour on the market. National climate change response strategies and
national adaptation policy design can therefore affect the responses that insurance
firms develop and implement in specific sectors affected by climate risks and other
extreme weather events.

Climate change insurance comes in hand as it has been noted that much invest-
ment for sound adaptation will need to come from households and firms of all sizes
(Agrawala and Fankhauser 2008; Bowen and Rydge 2011). Brugmann (2012) argues
that the effectiveness of adaptation responseswill be dependent on catalysingmarket-
based investments. This assertion is reinforced by the findings that the need for invest-
ment in adaptation far exceeds the financial resources available from public budgets
(Hedger and Bird 2011). Schwab (2013: 46) identifies the failure of governments
and businesses to develop and implement effective measures to protect populations
as one of the most likely environmental risks over the next 10 years. Therefore,
without a radical transformation in adaptation programming and development plan-
ning, private sector investments in climate change adaptation will continue to reduce.
Agrawala et al. (2011) and Chu and Schroeder (2010) revealed a sketchy indication
of big businesses investing in climate change vulnerability assessments, however,
only few insurance businesses are beginning to invest in adaptation responses.

In developing countries, insurance markets can share and spread financial risk
from climate change, such as through, helping to limit losses and manage risks in
flood-prone areas (Rosenzweig et al. 2010). Risk-specific property insurance ser-
vices, argues Mills (2012), can motivate individuals, communities and businesses to
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invest in adaptation responses or to avoid building in high-risk areas altogether. Other
relevant insurance instruments include health and life insurance for individuals and
property as well as micro-insurance or micro-finance mechanisms to support peo-
ple living in poorer communities that are not covered by commercial insurance. This
approach contrasts with traditional insurancemarkets which do not usually cover low
income groups (Ranger et al. 2009; Hallegatte et al. 2010). Poorer populations do
not access insurance due to their inability to afford the high transaction costs to com-
panies administering pro-poor insurance policies. Hallegatte et al. (2010) attribute
this to the fact that most low-income groups rely on local charity and government
support when disaster occurs. Therefore, the insurance industry can therefore help
shape adaptation initiatives through collaboration with building owners, farmers and
governments in order to inform and encourage climate risk insurance as a form of
adaptation action. For the insurance firms to fulfil their potential in facilitating cli-
mate change adaptation responses, national regulatory environment needs to create
an enabling landscape for the insurance markets while public funding may also be
required to protect the poor and most vulnerable households as well as to enable
action by the insurance sector.

Climate Change Risks, Adaptation and Insurance: Policy
Responses and Emerging Strategies from South Africa
and Ghana

While climate risk insurance is of great significance in facilitating climate change
adaptation, its application is determined by national regulatory environment in a
country. Consequently, this section demonstrates the extent to which insurance can
be harnessed as a climate change adaptation strategy in South Africa and Ghana.

Managing Climate Change Risks in South Africa: Linking
Adaptation to Insurance

Climate change in South Africa not only exacerbates poverty and inequality, it also
threatens the country’s major resources like food security, water resources, infras-
tructure, health as well as biodiversity and ecosystem (Ziervogel et al. 2014). With
the country’s per capita emissions being the highest in Africa, climate adaptation and
mitigation are of paramount importance. Relevant adaptive responses are urgently
needed to deal with the country’s socio-economic developmental needs and threat-
ened ecosystem services. Climate change greatly affects one of the two key sectors
(alongwithmining)which is agriculture. Zwane andMontmasson-Claire (2016) indi-
cate that agriculture encounters a variation of climate change related risks such as
changes in rain patterns, increased evaporation rates, higher temperatures, increased
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pests and diseases and changes in diseases and pest distribution ranges, reduced
yields and spatial shift in optimum growing regions. This requires an urgent safety
net amongst other adaptation measures that would cover climate change related con-
tingencies especially for the majority of the destitute citizens who cannot deal with
the consequences on their own. Studies reinforce that South Africa is already suffer-
ing the dire consequences of climate change as it aggravates hunger and malnutrition
for multitudes, and is also capable of reducing the world’s arable land by 20% by the
end of the century. Finance is seen as one of the barriers to climate change adaptation
measures (Zwane and Montmasson-Clair 2016) which can be remedied by having
insurance in place.

South Africa is a state party to instruments of importance to climate risk adap-
tation. For instance, it is signatory to the UNFCCC (1992), the Kyoto Protocol
(1997), and the Paris Agreement (2015), and has endorsed the Sustainable Develop-
ment Goals (SDGs 2015). These international instruments, based on the provision
of Section 233 of the 1996 Constitution of South Africa which enjoins the courts to
apply international law, are relevant to South Africa as a framework for enhancing
insurance as climate risk adaptation measure. Besides the incorporation of insurance
in these instruments as earlier shown, insurance has been identified as a form of social
security measure that is relevant to climate change adaptation (Jegede and Mokoena
2019). As argued, this is because it forms an integral part of the legislation such
as Section 27(1) of the Constitution (1996) which provides for the right for every-
one to have the right to social security, and the Social Assistance Act (2004) which
entails insurance as a way to address human security needs (Jegede and Mokoena
2019). Along similar lines, official documents such as the National Climate Change
ResponseWhite Paper (Department of Environmental Affairs 2011), National Adap-
tation Strategy (Department of Environmental Affairs 2016a, b), and reports such as
the South Africa’s 2nd Annual Climate Change Report (2016) on adaptation mea-
sures to address climate change indicate insurance as a viable option to address the
consequences of climate change.

In discussing South Africa’s adaptation strategy in urban settings, theWhite Paper
emphasizes the need to develop mechanisms such as micro-insurance for the poor
to recover after disasters. It identifies insurers as important development partners for
the government including in the development of innovative climate change-related
products (National Climate Change Response White Paper 2011: 44). While the
South Africa’s 2nd Annual Climate Change Report (2016) makes no mention of
insurance, the National Adaptation Strategy (Department of Environmental Affairs
2016a, b) requires the government to create new strategic partnerships between the
insurance sector and civil society with the view of supporting new innovative insur-
ance mechanisms that can enhance adaptive capacity and allow people to proactively
reduce their risk and increase their response capacity. Such partnerships are neces-
sary for assessing not only loss and damage threats associated with climate change,
but also to reveal opportunities for international support for loss and damage to these
sectors from climate change (Department of Environmental Affairs 2016a, b: ix).
Other stakeholders are enjoined to collaborate with the insurance industry to “build
back better,” i.e. to ensure that reconstruction after damage from a natural hazard
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results in adaptive infrastructure (Department of Environmental Affairs 2016a, b).
The National Adaptation Strategy (2016: xv) identifies priority needs and opportuni-
ties for climate resilience in the transport and critical infrastructure areas (Department
of Environmental Affairs 2016a, b: xvi).

The National Development Plan does not indicate where funding for climate
change adaptationwould come from, but it acknowledges that climate change impacts
among others, agriculture, can be tackled through agricultural insurance markets
as an adaptation strategy. This would obviously affect the multitude of indigent
SouthAfricanswhose livelihood depends on agriculture. In particular, Benhin (2006)
acknowledges that climate change impacts greatly on agriculture and indicate that
farmers are adopting various surviving strategieswhich encompass insurance policies
and other forms of income to address risks. Clearly this cannot be afforded by all
farmers. There is a need for basic government funded insurance schemes to cover
all farmers. The costly nature of insurance by farmers is affirmed by Elum and
Simonyan (2016) who found that the dearth of awareness of insurance products and
inability to afford the premiums are the main reasons why the majority of the farmers
did not have insurance. Insurance companies together with the country’s financial
institutions hold a significant role in potential adaptation funding.

Adaptation measures without potential financers are as good as futile. Maddison
(2007) identifies access to credit as well as insurance as significant adaptation mea-
sures which would better build resilience for the majority of South Africans. For
example, the National Adaptation Strategy (Department of Environmental Affairs
2016a, b) cites Santam, an insurance company, as the example of a partnership
between insurance company and local government and NGOs to reduce climate risks
(Department of Environmental Affairs 2016a, b: 94). Santam demonstrates both the
positive and negative role that climate change can have for insurance companies. On
a positive note, the approaches of Santam can illustrate how insurance companies are
geared towards helping to mitigate on-the-ground insurable risks to ensure sufficient
disaster management capabilities in vulnerable areas. They help with insuring local
fire stations in a manner that ensures the provision of equipment such as fire hoses
and protective gear.

Santam has been able to secure its relevance through the Santam Partnership for
Risk and Resilience (P4RR) programme, a national collaboration with the Depart-
ment of Cooperative Governance and the South African Local Government Associa-
tion, which focuses on 10 vulnerable district municipalities and 53 local municipali-
ties. Over the next five years, the expansion of the P4RR programme stands to benefit
more than five million people (Santam 2018). Santam is also partnering with com-
munities to proactively manage risk associated with climate disasters. For example,
after the floods in the eThekwini Metro, for example, clients took it upon themselves
to assist with clearing storm water drains and protecting the drains from collapse in
industrial areas. These actions allow insurers to efficiently help vulnerable communi-
ties and put businesses back in the position they were before disaster struck (Santam
2018). The downside to the potential in insurance activities as a climate change risk
adaptation measure lies in the enormity of claim that can be involved when indem-
nified incidents occur. For instance, the claims associated with the fires that ravaged
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Knysna and the surrounding areas as well as the heavy floods that wreaked havoc in
Durban in South Africa is an amount in excess of R2 billion (Santam 2018). This
development indicates that global temperatures and unpredictable weather events
are likely to have a significant impact far beyond what private insurance can cope
with. This does not only underscore the need for the involvement of government to
address climate risks by injecting revenue to insurance for protection purposes. It
highlights the need for government to ensure an appropriate regulatory space that can
galvanise investments in insurance as a viable climate change adaptation strategy in
South Africa.

Managing Climate Change Risks in Ghana: Linking
Adaptation to Insurance

Ghana, like other developing countries has not been immune to adverse climate
change consequences. The government of Ghana and other stakeholders play pivotal
roles in reducing GHG emissions and adaptation to climate change. The efforts of
national governments to address climate change and adverse effects in Ghana and
other African countries are usually impeded by the lack of political will, inadequate
finance (Allman et al. 2004; Davies 2005) and limited expertise. Another significant
issue that hampers governments’ response to the adverse effects of climate change is
the increasing importance of other critical sectors of development that appear to have
attracted consideration of government departments, agencies, local governments, and
the private sector (Bulkeley and Betsill 2003, 2005). This importance stems from the
certainty that these sectors can suitably address issues relating to climate change
adaptation. Efforts to manage the risks associated with climate change are visible
in all sectors of the Ghanaian economy including agriculture, flood management,
transportation sector, urban planning, sea level rise and rising temperatures (with
projected estimates of average temperature rise to reach 0.6 °C, 2.0 °C, and 3.9 °C by
the years 2020, 2050 and 2080, respectively) (Government of Ghana 2013). Studies
confirm that Ghana is gradually becoming warmer with average temperatures likely
to increase by 2.0 °C, and 3.9 °C by 2050 and 2080 respectively (Government of
Ghana 2013). The ensuing effects of climate change include droughts, contamination
of water bodies, intense and frequent floods, erratic rainfall patterns and the eventual
reduction in agricultural production, sea level rise, and water scarcity (Government
of Ghana 2013). These impacts of climate change will aggravate poverty situations
in the country where farmers depend heavily on rain-fed agriculture. For example,
predictions in the IPCC’s Fourth Assessment Report (Parry et al. 2007), point out that
yields from rain-fed agriculture in selected countries in Sub-Saharan African (SSA)
including Ghana may reduce up to 50% by 2050. In consistence with the situation in
SSA, the GhanaNCCAS reveals that the agriculture sector which employs the largest
portion of the labour force experiences the most from the adverse effects of climate
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change. The impacts of climate change and variability are not only manifested in the
agricultural sector, but extended to economic, social and health sectors in Ghana.

The first national climate change policy, the Ghana National Climate Change Pol-
icy (NCCP), was adopted in 2013 to deal with the impacts of climate change on
the country’s development. The NCCP and the National Climate Change Adaptation
Strategy (Department of EnvironmentalAffairs 2016a, b) (a ten-year programme run-
ning from 2010 to 2020) influenced, to some extent, the creation of climate change
awareness, especially among vulnerable communities and groups. Conversely, the
potential role of risks insurance in climate change adaptation action is underexplored.
Adaptation planning decisions are mainly guided by the policies of local government
authorities who operate throughmostly socio-economic and spatial planning policies
(Korah et al. 2017). Just like South Africa, Ghana is a state party to all the relevant
international instruments regarding climate risk adaptation. For example, it is a State
party to the UNFCCC (1992), the Kyoto Protocol (1997), and the Paris Agreement
(2015), and has endorsed both the Sustainable Development Goals (SDGs 2015) and
the African Union Agenda 2063 (African Union Commission 2015). Although these
international instruments and policymechanisms are influential, unlike SouthAfrica,
Ghana is a dualist state and consequently international conventions do not have the
force of law in the Ghanaian legal system unless they are expressly incorporated
into domestic law (Oppong 2017). Nevertheless, these instruments can influence the
development and adoption of climate change adaptation policy framework, particu-
larly, in promoting risk insurance as an adaptation measure. For instance, the 1992
Constitution of Ghana, in article 36(1) enjoins the government to ‘take all necessary
action to ensure that the national economy ismanaged in suchmanner as tomaximize
the rate of economic development and to ensure the maximum welfare, freedom and
happiness of every person and to provide adequate means of livelihood and suitable
employment and public assistance to the needy’ (Government of Ghana 1992). In
addition, article 37(6) obliges the state to ‘ensure that contributory schemes are insti-
tuted and maintained that will guarantee economic security for self-employed and
other citizens of Ghana’ (Government of Ghana 1992). With inspiration to Ghana’s
commitment to its obligations under international law, these constitutional provi-
sions can influence the design and adoption of insurance as an adaptation measures
to address climate change.

Amongst other reactions, the NCCAS, indistinguishable from South Africa,
underscores that at the heart of Ghana’s economy and societymostly lies climate sen-
sitive sectors like agriculture. According to the NCCAS, about 70% of the country’s
population depends on agriculture for its livelihood. The vulnerable and indigent
community especially the ones living in rural areas and depend on rain-fed farming
are the ones that feel the awful repercussions of climate change. Owing to this, the
NCCAS focuses on increasing the country’s resilience to climate change impacts.
The government adaptation measures in Ghana include inter alia the recommenda-
tion of crop variation and livestock breeding that adapts better to changing climatic
conditions and building the capacity of extension officers in new farming technolo-
gies to enhance their support to farmers. The Constitution of Ghana, although it does
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not directly refer to climate change, expressly indicates a duty to protect the environ-
ment. Section 36(9) provides that, “the State shall take appropriate measures needed
to protect and safeguard the national environment for posterity”. The “appropriate
measures”meant by theConstitution include the climate change adaptationmeasures.
Section 36, Article 3 carries a more detailed responsibility of not only undertaking
measures that promote agriculture but also its development. When this is critically
examined, climate insurance measures can be recognised as one of such measures
that currently fit under the scope of Section 36, Article 3. Sova et al. (2015) consid-
ered food insurance schemes amongst their suggestion of climate change adaptation
strategies that could be undertaken in the Ghanaian agricultural sector.

Climate hazards like drought, excess rain or flood, bush fires and so on are preva-
lent inGhana and greatly affect agricultural production. The country being the second
largest cocoa producer in the world (with Cote d’Ivoire being the first) is expected to
have a comprehensive safety net when it comes to protecting its agricultural produce.
However, Mahul and Stutley (2010) indicates that, no insurance company had yet
underwritten a retail market crop or livestock insurance products. Insurance compa-
nies at the time had limited or no exposure at all regarding agricultural insurance.
Lack of definite ways of assisting or financing climate change adaptation measures
leave small or poor farmers relying on ad hoc sponsor or donor support which creates
uncertainties and grave frustrations. This begs for urgent viable measures that could
deal with climate related financial risks. Micro-insurance is intended for the protec-
tion of the low-income persons and households against dire risks for low premiums
(IPCC 2012: 322; UNFCCC 2008: 52). From the definition, it is clear that this type of
insurance would be applicable to most small scale farmers. The challenge however,
according to Weindl et al. (2015) is that micro-insurance may be difficult to cover
weather related disasters as these usually affect a community and not individuals
thereby requiring large amount of claims.

Despite the potential of insurance as an adaptation response, the National Cli-
mate Change Master Plan Action Programmes for Implementation (Climate Change
Master Plan) (spanning 2015–2020) (2015: 87) reveals that there are currently no
established systems for the transfer of risks associated with agricultural production
systems. According to the Climate Change Master Plan, this has led to total losses of
food and capital including financial losses when unexpected events strike and make
it difficult for farmers to pay back loans. Therefore, through promoting financial sup-
port and insurance schemes as adaptation measures, it particularly seeks to develop
and establish agriculture- and fisheries-based insurance schemes (Government of
Ghana 2015: 74, 87). In discussing insurance as an adaptation strategy, the Climate
ChangeMaster Plan emphasizes the need to establish risk transfer systems and alter-
native livelihoods including insurance to enable vulnerable people to recover after
disasters (Government of Ghana 2015: 23). It highlights that communities affected
by climate-related disasters have to recover from the impact of such disasters, but
that the cost of rebuilding and settlement could be prohibitive due to limited fund-
ing and the scale of the problems associated with such disasters. It thus encourages
communities to take out insurance policies against climate-related hazards as a form
of risk sharing (Government of Ghana 2015: 75).
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The Climate Change Master Plan further identifies insurers as important devel-
opment partners for the Government in many ways including the development of
innovative climate change-related insurance products. It for that reason requires the
government to collaborate with development partners, the insurance sector and civil
society with the view of supporting new innovative insurance mechanisms that can
enhance adaptive capacity and allow people to proactively reduce their risk and
boost their adaptive capacity. These partnerships are indispensable for assessing not
only loss and damage related with climate change, but also to divulge opportunities
for international adaptation support. For example, the German Technical Coopera-
tion (GIZ) in Ghana is presently supporting a pilot weather-indexed crop insurance
scheme in the northern savannah zone of the country with emphasis on cereals. This
pilot programme seeks to learn lessons in order to develop a risk transfer (insurance)
scheme of wider scope and coverage for vulnerable farmers (Government of Ghana
2015: 9). As already observed, the fundamental role of insurance in producing sup-
port to disaster recovery and adaptation, as well as providing stimulants for practical
risk reduction relating to the impacts of climate change cannot be downplayed.

Conclusion

This chapter, with a particular focus on SouthAfrica andGhana, attempted to link cli-
mate change risk to the potential of insurance as an adaptation strategy. It then further
examined the situations and adaptation trends and types of insurance policies that
can constitute a climate change adaptation strategy in the two countries. Against this
backdrop, through the analysis and reflection on existing relevant legal instruments,
official documents and literature on the development at the global level and domestic
level (Ghana and South Africa), this contribution demonstrates the adverse effects
of climate change as a multiplier of the threat to human life and property. Despite
the existing legal and policy frameworks on climate change adaptation in both coun-
tries, the chapter shows that there is no clear articulation of insurance measures as an
adaptation response. With insight from scholarly literature and emerging practices,
it further argues how the existing framework may incorporate risk insurance as an
adaptation measure in Ghana and South Africa. It observes that the insurance and
risk-management industries can play a very critical role in the adaptation of com-
munities, individuals and companies to the impacts of climate change, particularly
in developing countries such as Ghana and South Africa.

While not a panacea, one promising avenue is represented by the tremendous
potential for insurers and risk managers to become more involved in cushioning
vulnerable populations and companies as part of a broader strategy to make them
more disaster resilient. The challenge for the insurance community is to continue to
identify and articulate the ways in which these strategies can moderate or prevent
insurance losses, and to make the business case of how climate-related insurance
can boost the adaptive capacities of individuals. The growing insurance risks asso-
ciated with climate related disasters can be addressed, in part, through the inclusion
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of climate change insurance in national adaptation programme of action and other
relevant adaptation responses. Lastly, there is the need to educate and train the rel-
evant insurance industry actors (such as agents, brokers, executives, risk managers,
trade associations, and underwriters), vulnerable populations and communities to be
involved in the assessment and implementation of the opportunities associated with
climate-induced disasters in both South Africa and Ghana.
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Chapter 15
Climate Services for Resilient Climate
Planning of the Natural
Heritage—Serbian Experiences

Tijana Crnčević and Zlata Vuksanović-Macura

Abstract As a signatory of all relevant international documents that support cli-
mate change issues, the Republic of Serbia is conducting a continuous process of
harmonization of the legal and planning framework. The expected adoption of the
National Climate Change Strategy, together with the Action plan will accomplish
an important step toward establishing the needed strategic framework to combat cli-
mate change and promote adaptation. In the context of climate change, throughout
the planning process there is a need for accurate climate services coming from not
only national but also international sources (WMO Climate Services, FAO climate
change resources, UNESCO’s climate change actions, etc.), covering data on rainfall,
temperature, soil moisture and wind, as well as analyses and assessments within risk
and vulnerability, together with projections and scenarios. Due to the increasingly
visible effects of climate change, there is a need to enhance the level of protection of
the natural and cultural heritage, and for the formation of appropriate databases. Thus,
this paper gives an overview of the international and national framework regarding
the climate services needed within the planning process and stresses their importance
in achieving resilient climate planning of the natural and cultural heritage. Further,
by presenting a selected case study, this paper outlines the main gaps as well as the
advantages within the current framework in Serbia. The paper concludes by stressing
that, within the planning process, climate services are playing a significant role in
formulating adequate measures to cover mitigation and adaptation.

T. Crnčević (B)
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Introduction

The issue of climate change at the end of the second decade of the twenty-first
century has become a primary concern due to the impacts that have grown not only
more frequent but also more extreme. According to the latest IPCC report, climate
models project strong differences for regional climate characteristics for current
global warming at 1.5 °C and for that at between 1.5 and 2 °C. The differences
consider increases of mean temperature for the regions covered with land and for
oceans and for hot extremes within the majority of inhabited regions (with high
confidence), and in some areas for heavy precipitation or probability of drought and
precipitation deficits (with medium confidence) (IPCC 2018).

Spaces designated under natural and cultural heritage, due to their unique char-
acteristics, are especially vulnerable to the impacts of climate change. In this regard,
the protection of space is the basic instrument that is aimed for in the preservation
and sustainable management of these distinct areas. According to the UNESCO List,
which also represents the basic global instrument, 1092 properties are under total
protection or, in fact, 1090 because two have been delisted, of which 845 are cultural,
209 are natural and 38 are mixed (UNESCO 2019). The cultural sites of the Repub-
lic of Serbia included in the UNESCO List are: Stari Ras and Sopoćani; Studenica
Monastery; Gamzigrad-Romuliana, the Palace of Galerius; and the Stećci Medieval
Tombstone Graveyards and cultural sites in danger among medieval monuments in
Kosovo. Fourteen additional national cultural and natural heritage sites, including
national parks and natural resources, are entered in the Tentative List. The impact
on terrestrial biodiversity is seen in several shifting ranges, including changes within
the time of biological cycles, the migration of pests and invasive species, as well
as the variation of the frequency and intensity of wildfires (UNESCO 2007a). The
cultural heritage is endangered first by physical threats due to the rise in sea level and
migration of pests, while archeological sites are threatened by the rise in soil temper-
ature. A second danger to many cultural and social areas arises from the possibility
of migration as a result of changes in the way of life and work of these communities
(UNESCO 2006; Vuksanović-Macura et al. 2018).

When defining climate services, it should be stressed that its main aim is “the
provision of climate information to assist decision-making” (Climateurope. Linking
Science and Society 2019). Further, as stated, the provision of these services “must
respond to user needs,must be based on scientifically credible information and exper-
tise, and requires appropriate engagement between the users and providers” (ibid.).
The recognized international resources within climate services include WMO Cli-
mate Services, FAO climate change resources, UNESCO’s climate change actions,
Red Cross/Red Crescent Climate Centre (RC/RCCC), and the National Oceanic
and Atmospheric Administration (NOAA) Climate Services Portal (NCS Portal). To
establish a Global Framework for Climate Services (GFCS) in 2009 after the World
Climate Conference-3 (WCC-3) that was held in Geneva, Switzerland, a “global
partnership of governments and organizations that produce and use climate informa-
tion and services” was introduced (GFCS 2019). As outlined, the GFCS priority is to
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identify demand and to “ensure that this demand is met through access to scientific
information” in four priority sectors (health, water, food security and agriculture,
and disaster risk reduction) where within the next years the aim is to assist in devel-
oping the climate service and to reach the goal that in 10 years climate services are
delivered to all climate sensitive sectors (ibid.). Regarding Sustainable Development
Goals (SDGs), GFCS will have the most important role within its achievements
and thus “climate information will be essential background information in monitor-
ing the achievement of Transforming our World: the 2030 Agenda for Sustainable
Development goals” (WMO and GFCS 2017: 9).

In the context of climate change and planning, climate services are playing an
important role that “requires improved understanding of user needs” (Vincent et al.
2017). The reality of the issues of climate change and the attendant impacts is evident
from the body of published scientific articles—more than 4000 scientific papers
covering climate changewere published up to the year 2014 (Perry and Falzon 2014).
Thus, the research results covering the needswithin climate services in planning have
indicated that existing climate services are inadequate in terms of: (1) the spatial and
temporal scale—existing climate information is not downscaled to the necessary
resolution, with a lack of sub-annual to short-term (1–5 year) climate projections; (2)
their accessibility and credibility—they are not tailored, packaged and communicated
in a way that is useful for decision makers (Vincent et al. 2017). Thus, it is stressed
that within decision making only 5–10 day and seasonal forecasts are currently being
used and “findings highlight that there is a potentially high user demand for climate
information that currently does not exist”, and that there is “lacking access to data
of high accuracy, relevance and quality including detailed climate projections and
socio-economic information” (ibid.: 199). In this sense, the importance of climate
services should be especially emphasized because, as was projected, accurate and
updated hydro meteorological information, as well as an early warning in developing
countries, could annually save approximately 23,000 lives and from US$3 billion to
US$30 billion through disaster risk reduction (Rogers and Tsirkunov 2013). As
is stressed, respecting “different needs for climate services in different stages of
the urban planning process,” there is the need to integrate climate services within
“existing” urban planning tools (EU-MACS 2017).

In Serbia, according to the Law on planning and construction (2018), the main
national responsible organization for providing climate service is the Republic
Hydrometeorological Services of Serbia (RHSS), which issues appropriate condi-
tions during the preparation of the plans and projects documentation. In this paper
an overview is given of the main frames within the international and national frame-
works, regarding the climate services needed within the planning process, with spe-
cial reference to the natural and cultural heritage in the context of climate change.
Further, the selected case study outlines the main gaps, as well as the advantages
within the current framework inSerbia for climate services to achieve resilient climate
planning.
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Methodology

This research is based on the analysis and review of the relevant literature and docu-
ments, from the global, international level to the national level, encompassingSerbian
experience, covering the issues of climate services and the planning of the natural and
cultural heritage in the context of climate change. The survey includes an overview
of the national database of spatial plans and a selection of plans for the area of special
purposes that includes terrains with the status of natural and/or cultural heritage. The
analysis of the selected plans for the area with special purpose included a search by
relevant words, such as climate, climate change, climate variability and adaptation.
This examination first enabled general insight into the use of the required terms,
while additional reading provided the possibility of a more detailed analysis and
interpretation (Milinković et al. 2019). The national database includes spatial plans
developed for localities throughout Serbia, created in the period from 2011 to 2015,
until the base was updated. In this way, the temporal and spatial coverage of monitor-
ing these concepts and their development through the planning documents have been
achieved. In addition, the plans collected in this database were created by different
institutions, from different cities and with different professional backgrounds and
capacities.

Among these plans, we have chosen the Spatial Plan for the Area of Special Pur-
poses of Kopaonik National Park, located in the central Serbia on the northern part
of the largest mountain range in the country. Because of its distinguished charac-
teristics, Kopaonik has a status of National Park and protected area of outstanding
values, covering a range of natural and cultural heritage, and it is on the UNESCO
Tentative List. At the same time, Kopaonik is a ski center and one of the most popular
touristic areas in Serbia, with developed non-seasonal facilities such as conference
facilities, restaurants, mountain amenities, sport terrains and recreation areas (Mil-
janović 2015). On the other hand, intensive informal construction of vacation real
estates and individual buildings, as well as deforestation caused by further develop-
ment of skiing terrains and facilities, are the permanent threat to natural ecosystems
and affecting micro-climate (Ćurčić 2017).

Climate Services and Planning from International
Perspectives

A global, international framework that promotes the issues of climate change pri-
marily refers to UNFCCC 1992, the Kyoto Protocol 1997, the European Climate
Change Program and European Emissions Trading Scheme (Crnčević 2013). Within
recent years the framework has been dedicated to formulating specific strategies and
programs for reducing the impacts and adapting to climate change—Action plan
UNFCCC 2007, Cancun Adaptation Framework 2010, White Paper on Adapting
to Climate Change, as well as the Sendai Framework for Disaster Risk Reduction.
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The adoption of the Paris Agreement on Climate Change, 1 together with 17 Sus-
tainable Development Goals (SDG) have established that contemporary sustainable
development is “conditioned” by climate change issues. Within the United Nations
Framework Convention on Climate Change (UNFCCC), along with 17 SDGs to
assist with adaptation planning in Least Developed Countries and other developing
countries, a process has been established for the National Adaptation Plan (NAP).
The process includes four key elements: laying the groundwork and addressing gaps,
preparatory elements, implementation strategies and reporting, and monitoring and
review (WMO and GFCS 2017). Within these elements are activities given to the
NAP, primarily initiating and launching the NAP process; addressing capacity gaps
and weaknesses in undertaking the NAP process; analyzing current climate and
future climate-change scenarios; assessing climate vulnerabilities and identifying
adaptation options at the sectoral, subnational, national and other appropriate levels;
integrating climate change adaptation into national and subnational development
and sectoral planning; prioritizing climate change adaptation in national planning
and monitoring; and reviewing the NAP process. The GFCS is “an end-to-end sys-
tem that uses observations, technology and scientific understanding as inputs to the
development of climate services to meet user requirements” (ibid.: 13) and it consists
of five components—“pillars” that interact: (a) User Interface Platform; (b) Climate
Services Information System; (c)Observations andmonitoring; (d) Research,model-
ing and prediction; (e) Capacity development (to support the systematic development
of the institutions, infrastructure and human resources needed for effective climate
services) (ibid.). Taking into consideration the premises of achieving resilient climate
planning for natural and cultural heritage, of importance, after GFCS, is the priority
area of disaster risk reduction which outlines the needed weather and climate service
data and information products and services:

(a) “Prioritizing climate change adaptation in national planning (identify priority
regions based on analysis of vulnerability to weather and climate extremes and
other important factors and future projections);

(b) Developing a (long-term) national adaptation implementation strategy (iden-
tify the areas where current information on weather and climate is inade-
quate, strengthen the meteorological observation networks, data analysis and
applications;

(c) Enhancing capacity for planning and implementation of adaptation (strengthen
operational climate services, including analysis, forecasts and projection of cli-
matic regimes and probabilities and scenarios related to extreme patterns, pro-
mote interoperability of health, socioeconomic and biological datawithweather,
hydrological and climate extremes and changes in their characteristics) and

(d) Promoting coordination and synergy at the regional level and with other
multilateral environmental agreements” (WMO and GFCS 2016: 30).

1Paris agreementwas adopted at the 21st Conference of the Parties of theUnitedNations Framework
Convention on Climate Change (UNFCCC).
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When we consider climate services, the main benefits of their use should first be
outlined in: delivering science-based information that covers all sectors and levels
(global, regional, local) and time periods (past, present and future); providing projec-
tions, economic analyses, trends and services through various modes—web portals,
climate statistical tables andmaps, mobile-phone applications or by applying “users’
dialogue” within workshops, seminars, open days, feedback sessions and practical
exercises for revising, checking and improving products and services (WMO 2017).

Particular emphasis should be put on the role of national meteorological and
hydrological services in the provision of climate services, as well as in supporting
the adaptation process: protecting life, property and the environment; participat-
ing within the process of sustainable development; arranging long-term observa-
tion and collection of meteorological, hydrological, climatological and other related
environmental data; supporting endogenous capacity-building; meeting international
commitments; and contributing to international cooperation (ibid.).

The need to take into account the existence of “certain pressures” and consequently
of the necessity for innovating the established systems and criteria for protected
areas was pointed out by Bishop et al. (1995). Corresponding to that, it should
be emphasized that “the issue of climate change does not represent only current
‘pressure’, but also the necessity of the policy of protecting the natural and cultural
heritage of the 21st century” (Crnčević et al. 2015: 38). Within the management of
protected areas, the problems that managers have should be stressed in their efforts
to focus on adaptive measures with a lack of knowledge, resources and institutional
structure for collaboration within departments and within communities (Perry and
Falzon 2014). Areas considered as natural heritage have an important role in reducing
CO2—15% or 312 gigatons are stored in protected areas throughout the world (in
39 national park in Canada over 4 billion tons and in the Brazilian Amazon 8 billion
tons). The role of these sites is also important within the impacts of climate change as
they serve as natural buffers, providing space for floodwaters to stabilize soil against
landslides and to block storm surges (ibid.). On the other hand, protected areas can
handle out the impacts of climate change and in this context stand out as a source of
clean water and food—“thirty-three of the world’s hundred largest cities derive their
drinking water from catchments within forest protected areas” (ibid.: 33).

The current practice of planning an area under protection stands on principles that
ensure the authenticity, integral protection of natural and cultural heritage, controlled
use of potentials and a minimum intervention and maintenance on a permanent
basis (UNESCO 2007b). The focus is on the protection of Outstanding Universal
Value (OUV)2 and its features where monitoring and evaluation are important in
order to be able to adjust activities. Thus, it can be summarized that the premises
of contemporary planning are to achieve climate resilient planning where resilience
is defined as elasticity. This “refers to the ability of a system to survive impact and

2Cultural and/or natural significance which is so exceptional as to transcend national boundaries
and to be of common importance for present and future generations of all humanity. As such, the
permanent protection of this heritage is of the highest importance to the international community
as a whole (UNESCO 2013).
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recover functioning to its original or desired state after a disturbance” (Pérez et al.
2010). In that sense, it is assumed that when a system is resilient it can absorb
distresses—flood, drought, fire, without any major long-term turbulences regarding
its functioning (ibid.). Taking these ideas into account, twoprocesses can be identified
that are connected to resilience: resistance compromises the ability of an “ecosystem
to absorb disturbance without structural change” while recovery describes “the speed
of return to the predisturbance ecosystem structure” (Côté and Darling 2010: 1).

Within adaptation/resilient planning for natural and cultural sites, the dynamics of
climate change should be considered and provide for the review of the zoning system
together with laws and regulations that influence the process and the ability to adapt
(Perry and Falzon 2014). Additionally, it is necessary to provide continuous monitor-
ing as well as vulnerability assessment processes because, as stated, the effectiveness
of certain activities has proven to be successful during recent years: “increasing the
resilienceof a site by reducingnon-climatic sources of stress, re-designingboundaries
and buffer zones to facilitate the migration of species, preventively draining a glacial
lake to avoid the occurrence of an outburst flood, improving dykes to prevent coastal
flooding, supporting traditional methods to protect a site from sand encroachment,
etc.” (UNESCO 2006). Further, as was estimated by the United Nations, coastal wet-
lands protection against hurricanes saves US$23.2 billion per year (Perry and Falzon
2014).

However, the worst scenario occurs when the OUV of the subject area is irre-
versibly affected and where the impact of climate change represents only one of the
factors. This has required the World Heritage Committee to reconsider the implica-
tions that they will include in the Convention (UNESCO 2006). The fact that climate
change impacts now threaten World Heritage emphasizes the necessity to adapt all
processes and procedures related to the Convention, such as its nominations, peri-
odic reporting and reactive monitoring, and in that sense “design appropriate mea-
sures for monitoring the impacts of Climate Change and adapting to the adverse
consequences”(ibid.: 3).

The significance of the exchange of information as well as the establishment of
a database for spaces on the World Heritage List was indicated in 2011 in the docu-
ment called the Sintra Contribution (2011). Because through the planning process all
those included are making decisions, therefore, in the context of climate change it is
essential to provide adequate information that will enable all included in the process
to achieve “climate-smart decisions” (WMO 2017). The role of the GFCS within the
achievement of SDGs is to promote the use of climate information and services in
meeting the SDGs and their relevant targets (ibid.). The notable example is Germany,
which in accordance with the GFCS recommendations has innovated and developed
climate services, including the following components: (1) Climate monitoring; (2)
Climate modeling, forecasts, projections, climate impact assessment; (3) Climate
information and data platform; (4) Communication with users; (5) Building climate
capacities through international activities. Thus, the DeutscherWetterdienst (DWD),
besides providing data and information for portals, is also covering consulting with
various customers and helping to “enhance users’ capability to use climate data in
various areas of application” (DWD 2019).
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Because the planning process covers environmental, social and economic aspects
of the subject area, in order to achieve resilient climate planning, information through-
out the process is needed that covers various spatial and temporal scales. For that
purpose, “Climate Services for urban planning need to be conceived as platforms
where different kinds of data and information can be integrated and retrieved” (Gior-
dano et al. 2018: 1). However, as noted, the use of climate services in daily activities
is still far from being the standard inmost EU cities (ibid.). One of the recognized bar-
riers for the use of climate services is limited knowledge of the information already
available. Therefore, climate services “need to be conceived not exclusively as a
supply of information, but also as a shared platform though which the interactions
among the different decision-makers are facilitated, enabling an effective informa-
tion sharing process” (ibid.). The primary issuewithin climate services design should
be “information users, the information needed and how this information will be inte-
grated in the urban planning process.” Recommendations for overcoming barriers
are to co-design climate services together with end users, as results within Project
EU-MACS demonstrated “that a collaborative design, acquisition and use of climate
services, involving institutional actors, citizens and private actors, is feasible and can
resolve broad scoped information need” (ibid.: 3). However, the other area of the
work is to be done within adaptation policy making so that: “mitigation is prioritized
over adaptation; short term policy cycles reduce the willingness to implement long-
term adaptation measures; and the lack of tools for assessing the effectiveness of
adaptation measures affects public awareness about the role of adaptation measures
in reducing climate-related risks”(ibid.).

Planning and Protecting Natural and Cultural Heritage
in the Context of Climate Change in Serbia

The Republic of Serbia, taking into account its aspiration towards European integra-
tion, is a signatory of all relevant documents that concern sustainable development
and climate change (the Paris Agreement, the UNFCCC, the Kyoto Protocol, the
UNISDR, European Climate Change Programme, the European Emissions Trading
Scheme (ETS), White paper on Adapting to Climate Change, and the EU Adaptation
Strategy and others). Regarding planning and climate change, it has been emphasized
that the issue is represented within spatial and urban planning practice, primarily by
advocacy measures that promote enlarging protected areas, the planning of ecolog-
ical corridors and networking of habitats, water management, as well as measures
for the protection of cultural heritage (Crnčević 2013; Crnčević et al. 2015). The
results of this research emphasize the necessity to continue to innovate the current
framework and planning practice towards integrating the climate change scenarios
in the process of evaluating and risk management and mapping these areas together
through the development of methods and techniques aiming to gain insight into the
hazards and risks within the subject area and to direct the planning practice towards
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integrating climate change scenarios into the process of evaluating and managing
risks and mapping these vulnerable areas (Lazarević 2011; Crnčević et al. 2015).
Further, it is emphases the need for bottom up approach within further development
of strategies and initiatives (i.e. green infrastructure, agriculture) in mitigating the
impacts of climate change (Živanović Miljković et al. 2012). It should be stressed
that adaptive measures for the field of agriculture, forestry and hydrology and water
resources are given within the Second National Communication of the Republic of
Serbia to the UN Framework Convention on Climate Change and that, after a review
of the available data, Serbia’s application has already begun for the sector of agri-
culture (RS 2017). However, given adaptation capacity, it should be stressed that the
“development of a system for adaptation is still not recognized as a priority”, as the
“main limitations could be seen in the fields of impact research and implementation
of the planning instruments” (ibid.: 167).

Under the Law on Nature Protection (2010), natural heritage includes protected
areas, species and movable natural finds. In line with European frameworks, the
adoption of the Regulation on the ecological network (2010) specifically promotes
the protection of these areas within the planning process. In the context of the pro-
tection of cultural heritage, and in accordance with the Law on Cultural Property
(1994), cultural heritage includes, inter alia, cultural monuments, spatial cultural
and historical units, archaeological sites and notable places—immovable cultural
property. However, as pointed out, the current situation is characteristic in that “the
current level of integration of climate change into sectoral and overall development
strategy, the level of knowledge, institutional and individual capacities, available
technology and financial resources at the national level, together with the involve-
ment of local governments are not sufficient, despite numerous activities and efforts,
for an effective and rapid response to climate change issues” (RS 2017).

The legislative framework that has promoted the issue of climate change within
last decade has been improved so that the adoption of the Climate Change Strategy
withActionPlan is expected. The aimof this Strategy is to identify the possibilities for
reducing the GSB emissions, as well as establishing adaptation measures for priority
sectors on the basis of a broader list of measures provided under the Second National
Report under the UN Framework Convention on Climate Change. In addition, the
objectives of the Strategy is the identification of new opportunities for industry,
directions of competitive and sustainable development, as well as consideration of
energy security and the harmonization of national policies with EU frameworks
(RS 2018). In the context of the climate services, the Strategy also identified the
necessary data for the implementation of the Framework plan for the adaptation
(FPA): (1) Climate change and extreme weather trends and dangers that could affect
the scope of the FPA (floods, droughts, heatwaves, temperature rise, precipitation and
increase of precipitation intensity); (2) Historical data on relevant climate change and
extreme weather hazards and trends and extremes related to temperature, trends and
extreme conditions related to precipitation and details of significant climate events
and extreme weather events that have occurred in the past (ibid.).

Taking into account what has been previously stated in terms of the necessity
for establishing appropriate information support to promote adaptation and, in that
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sense, achieve resilient climate planning, it should be noted that the results of an
analysis of the planning documentation (Crnčević et al. 2015) have shown that the
following measures are present for (1) Natural heritage: promotion of increasing
the resilience of natural areas, increasing the number of protected areas, increasing
their size, maintaining or increasing the heterogeneity of habitats at the landscape
level, maintaining the species resilience within communities, ensuring the functional
connection between the protected species, the planning of ecological corridors and
networking of the habitats, and (2) Cultural heritage: monitoring cultural heritage
and preventing damage, taking planning measures that integrate cultural and natural
heritage, conducting regular repairs and restoring cultural heritage facilities, and
promoting research to avoid damage.Within the analyzed planning documents, there
were no measures that promoted cultural heritage to be viewed as vulnerable to
climate change.

Climate Services and Planning—Serbian Context

The meteorological service was founded on the 27th of September 1888—in the
19th century, over 120 years ago after the Regulation on the establishment of a
unified network of meteorological stations in the Kingdom of Serbia. However, the
systematic measuring of temperature, humidity, precipitation, wind and air pressure
started within a privately owned parcel in Belgrade four years earlier, in 1848.Within
less than a decade, a network of meteorological stations was created in 27 towns
in Serbia that was the densest network in Europe at that time. The international
exchange started in the beginning of the 20th century, at the same timewhen the daily
publishing of weather reports and weather forecasts in the newspapers began. Under
the Regulation of the Government of the Federative People’s Republic of Yugoslavia,
in 1947, the Federal Hydro meteorological Institute (FHMI) was founded so that
FHMI was among the 45 world meteorological organizations that established the
Convention on the establishment of theWorldMeteorological Organization (WMO),
which was ratified in 1950. Following the disintegration of Yugoslavia in the 1990s,
FHMI was abolished. In 2003, RHSS was entrusted as FHMI’s legal successor, with
all its responsibilities, including international cooperation (http://www.hidmet.gov.
rs/eng/orhmz/istorija.php).

RHSScooperateswithWMOwithin the frameworkof the following commissions:
Basic Systems, Instruments and Observation Methods, Climatology, Atmospheric
Sciences, Aeronautical Meteorology,MaritimeMeteorology, AgroMeteorology and
Hydrology. In addition, the RHSS is an active participant of the following programs
and projects: World Meteorological Waken, World Climate System, Atmospheric
and Environmental Research Program, Program of Applied Meteorology, Technical
Cooperation Program, Training and Education Program and Regional and Bilat-
eral Programs. It has also established cooperation with international organizations
such as: (1) European Organisation for the Exploitation of Meteorological Satel-
lites (EUMETSAT) (http://www.eumetsat.de), where as an associate member has

http://www.hidmet.gov.rs/eng/orhmz/istorija.php
http://www.eumetsat.de
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access to satellite images in real time, (2) The European Centre for Medium Term
Weather Forecasts (http://www.ecmwf.int) where, as an associate member, among
other things, has access to all analytical and prognostic products of the center as well
as access to forecasts for up to ten days and seasonal forecasts (http://www.hidmet.
gov.rs/).

In addition, RHSS hosts the South East European Virtual Climate Change Center
and has participated in the OrientGate project, which has established a network
of 30 partners, covering 13 countries across South East Europe. The aim of the
OrientGate project is to “communicate up-to-date climate knowledge for the benefit
of policy makers, including urban planners, nature protection authorities, regional
and local development agencies, and territorial and public works authorities” (http://
www.orientgateproject.org/). The lead partner and project coordinator is the Euro-
Mediterranean Centre on Climate Change, while the RHSS is the leader of the Work
Package 3—Mapping and Harmonizing data and Downscaling, which focuses on
mapping variousmethodologies, tools and indicators used bymeteorological services
in South East Europe.

The OrientGate project foresees the creation of a database and indicators, i.e.
the creation of a Platform with data for climate scenarios and indicators in SEE.
This involves collecting and analyzing data on the availability, accessibility and
handling of meteorological data throughout the SEE region. The set of indicators
based on the new cross-harmonized set of climate-based parameters and indicators
have been developed and proposed for consideration by various parties involved in
the project (Kržič and Milić-Petrović 2014). The project has shown that there are
enough meteorological and hydrological stations that have reliable measurements,
and that most countries have experience in using climate indicators and in applying
the results of climate models. As mentioned earlier, the results of the OrientGate
project have shown some shortcomings in institutional and individual capacities and
in limitedfinancial and technical resources in relation to effective responses to climate
change (SEE 2013). This may explain why the platform with the data provided by
the OrientGate project has not yet been made publicly available.

Overview of the Selected Case Study

Within the main legal planning framework3 there is not adequate support for achiev-
ing resilient climate planning as the issue of climate change is, as noted, indirectly
presentedwithin planning documents (Crnčević 2013; Crnčević et al. 2016; Crnčević

3Law on the Spatial Plan of the Republic of Serbia (Official Gazette RS no. 88/10), Law on Planning
and Construction (Official gazette of RS No. 79/09, 81/09-correction, 64/10-US, 24/11, 121/12,
42/13-US, 50/13-US, 98/13-US, 132/14, 145/14 and 83/2018), Law on Strategic Environmental
Assessment (Official gazette of RS no. 88/2010), Law on Environmental Impact Assessment (Offi-
cial gazette of RS no. 135/2004. 36/2009), Law on Environmental Protection (Official gazette of
RS no. 135/2004), Law on Emergency Situations (Official gazette RS no. 111/09, 92/11, 93/12),
Law on Nature Protection (Official gazette. RS no. 36/2009, 88/2010) etc.

http://www.ecmwf.int
http://www.hidmet.gov.rs/
http://www.orientgateproject.org/
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and Orlović-Lovren 2018). The selected case study, the Spatial Plan of the Area of
Special Purposes (SPASP) of the National Park (NP) of Kopaonik (2016) was con-
ducted after the establishment of the legal frameworkmentioned above. In accordance
with the Law on planning and construction, the content of the SPASP NP Kopaonik
includes: the starting points that provide an overview of the scope of the Plan together
with borders; the obligations, requirements and guidelines, above all of the Spatial
Plan of the RS, and other strategic development documents; the synthesis overview
of the analysis and the assessment of the state and constraints and potentials by sec-
tors; the principles and objectives of the spatial development of the area of special
purpose; the planning solutions, land use rules, rules of arrangement and construction
rules; the implementation, final provisions and graphic attachments in which, among
others, there is an annex titled “Network of settlements, infrastructural systems and
environmental protection, natural and cultural goods” in the scale of 1:25.000.

SPASP NP Kopaonik represents the planning basis for the protection, use and
arrangement of the Kopaonik National Park, as well as other protected and planned-
for protection of natural and immovable cultural goods, covered as part of the pri-
mary tourist area of Kopaonik and for the sustainable development of the encom-
passed local communities. The plan is conducted in an ESRI-based GIS environment
(ArcGIS 10 h). The Plan, in addition to the area of the NP Kopaonik (with the zones
of I, II and III degrees of protection), includes the area outside the National Park,
on parts of the territory of the municipalities of Raška, Brus and Leposavić. The
Kopaonik National Park extends across the northern part of the Kopaonik massif,
which is the largest mountain of central Serbia and extends northwest—southeast in
the shape of a reefed ridge about 82 km long and 40–60 km wide, across an area of
about 2750 km2.

The results of the analysis of the planning document based on the key words:
climate, adaptation measures, adaptation, climate change, mitigation and impacts
mitigation show that the climate problem is not, it can be said, directly represented
in the Plan. Climate is primarily mentioned in the sense of being a natural factor
of the subject area. On the other hand, taking into account measures that promote
adaptation, i.e., the resilient climate planning of the natural and cultural heritage,
are present. For the needs of the preparation of the Plan, in accordance with the
legal obligation, the Conditions of the RHSS are included and form an integral part
of the documentation base. In accordance with the given Conditions, the planning
documentation should be in accordance with the Law onDetermining the Location of
Meteorological andHydrological Stations of State Networks and Protection Zones in
the vicinity of these stations, as well as types of limitations that can be introduced in
the protection zones.As pointed out, for the production of the climatic base of the area
and for the production of geotechnical and hydrolysis bases, the data used are from the
MainWeather Station—Kopaonik along with the regional network of climatological
and precipitation stations. For the submission of these data from measuring stations
from the state network of stations specified in the conditions, in accordance with the
given Conditions, it is necessary to contact the RHSS with a special request which
includes the name and type of the measuring point, along with the type and volume
of data required for the development of the planning and project documentation.
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During the preparation of the planning documentation for such data there was no
need to make this request as the available data from the existing planning basis and
from the Internet was used. The average values of the basic climatic elements for the
standard climatological thirty-year period for metering stations are available on the
interent site of the RHSS (http://www.hidmet.gov.rs/). Further, for the preparation
of the climatic substrate of the specified location, the appropriate request has to be
submitted to the Department of Applied Climatology.

Conclusions

Climate services data and information products and services have a significant role
in the decision-making and planning process, thus contributing to the formulation of
adequate measures covering climate change mitigation and adaptation. Continuous
data collection, their unification and public availability are an important instrument
in the development of climate-adaptive plans. Some studies covering current experi-
ences have identified certain shortcomings within existing climate services in plan-
ning. These shortcomings are, inter alia, related to information and data that do not
sufficiently meet regional and local needs, are not spatially and temporally harmo-
nized, are not sufficiently reliable and have limited accessibility for stakeholders. It is
therefore important that the collection of relevant data is based on scientific research
and experience, as well as in accordance with the needs of users.

In Serbia, progress has been made in the last few decades through the signing of a
number of international documents on sustainable development and climate change.
However, a system for climate change adaptation and the integration of climate
knowledge into policy and territorial planning have not been established. On the
other hand, there is a growing need for operational, consistent and continuous data
collection and the creation of a platform with data that would be available to a wide
range of stakeholders in the planning process, from decision makers and planners to
the wider community. In this respect, it would be of particular importance to activate
and regularly update the Platform with climate data and indicators in the SEE that
was first initiated under the OrientGate project. The leading partner from Serbia in
the project was RHSS. At the same time, after regulation, RHSS has been in charge
of issuing appropriate climatic and related conditions in the planning process, so its
role in activating the data platform would be crucial.

The case study presented, the Plan of the area of special purpose of the Kopaonik
National Park, has shown that climate is mainly considered through the analysis of
natural factors and that the adaptability problemsof climate change are only indirectly
processed. However, it should be noted that the lack or poor availability of climate-
related data within the subject area leads to the inability to adequately formulate
planning measures and guidelines for this area. On the other hand, setting up an
operational data platform for climate scenarios and indicators will be of particular
importance to the planning process of areas that include natural and cultural heritage
due to their vulnerability to the impacts of climate change. The data platforms can also

http://www.hidmet.gov.rs/
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provide broader connections among relevant institutions and others concerned with
the issue of climate change adaptation and natural and cultural heritage, at the same
time contributing to the further strengthening of integration of climate knowledge
into policy and spatial planning in Serbia.
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područja kulturnog i prirodnog nasle -da. Arnitektura i urbanizam 40:37–46. https://doi.org/10.
5937/a-u0-7759
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MiljanovićD (ed) (2015)LeksikonNacionalnog parkaKopaonik [Lexicon of theKopaonikNational
Park]. Beograd, JP Službeni glasnik, Geografski institute “Jovan Cvijić” SANU, JP Nacionalni
park Kopaonik

Perry J, Falzon C (2014) Climate change adaptation for natural world heritage sites a practical
guide. World Heritage Paper Series No. 37. UNESCO, Paris. http://whc.unesco.org/en/series/.
Accessed 10 Jan 2019

Pérez A, Herrera Fernandez A, Gatti GR (eds) (2010) Building resilience to climate change:
ecosystem-based adaptation and lessons from the field. IUCN, Gland

Rogers D, Tsirkunov VV (2013) Weather and climate resilience effective preparedness through
national meteorological and hydrological services; directions in development environment
and sustainable development. International bank for reconstruction and development, The
World Bank. https://openknowledge.worldbank.org/bitstream/handle/10986/15932/81113.pdf?
sequence=1&isAllowed=y. Accessed 10 Jan 2019

RS (2017) Drugi nacionalni izveštaj Republike Srbije prema Okvirnoj konvenciji Ujedin-
jenih nacija o promeni klime [Second National Communication of the Republic of Serbia
to the United Nations Framework Convention on Climate Change]. Beograd, Ministarstvo
životne sredine http://www.klimatskepromene.rs/wp-content/uploads/2017/12/Drugi-izvestaj-o-
promeni-klime-SNC_Srbija.pdf. Accessed 7 May 2019

RS (2018) Strategija klimatskih promena sa Akcionim planom, Okvir za planiranje pri-
lago -davanja. http://www.klimatskastrategija.eu/wp-content/uploads/2018/08/1_Result-5_
Adaptation-Planning-Framework_final-srb-1.0.pdf. Accessed 28 Feb 2019

Spatial Plan of the Area of Special Purposes (SPASP) of the National Park (NP) of Kopaonik,
Official Gazette of the Republic of Serbia, No. 89/16

SEE (2013) State of art on mitigation and adaptation plans and identification of cross sectoral links.
OrientGate. http://www.orientgateproject.org/uploads/Press%20releases/results%20docs/WP7_
7.1_Report_State%20of%20Art.pdf. Accessed 20 Mar 2019

http://www.ecmwf.int
http://www.hidmet.gov.rs/
http://www.hidmet.gov.rs/eng/orhmz/istorija.php
http://www.orientgateproject.org/
http://www.orientgateproject.org/uploads/Press%20releases/results%20docs/WP3_Proposed%20set%20of%20indicators.pdf
https://doi.org/10.2298/SPAT1124001L
https://doi.org/10.3390/su11041177
http://whc.unesco.org/en/series/
https://openknowledge.worldbank.org/bitstream/handle/10986/15932/81113.pdf?sequence=1&amp;isAllowed=y
http://www.klimatskepromene.rs/wp-content/uploads/2017/12/Drugi-izvestaj-o-promeni-klime-SNC_Srbija.pdf
http://www.klimatskastrategija.eu/wp-content/uploads/2018/08/1_Result-5_Adaptation-Planning-Framework_final-srb-1.0.pdf
http://www.orientgateproject.org/uploads/Press%20releases/results%20docs/WP7_7.1_Report_State%20of%20Art.pdf
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Chapter 16
Impacts of Climatic Disasters
in the Coastal Area of Bangladesh:
‘Climate Service’ a Way Forward

Sajal Roy and Ashraful Alam

Abstract This chapter considers ‘climate service’ as a tool tomitigate likely impacts
of climatic disasters of the coastal regions in the southwest Bangladesh. Climate ser-
vice enables to undertake the required development and capacity building for the
coastal communities, who have the high potentiality of severe consequences of eco-
logical disasters such as cyclones, flooding, sea levels rising and heat waves. The
mitigation of adverse impacts of climatic disasters requires both comprehensive and
appropriate plans and policies at national and regional level. In this chapter, we utilise
life story interviews in the coastal area of Dacope sub-distrct under the division of
Khulna, Bangladesh. The study analyses national and local development policies and
plans tomitigate the impacts of climatic disasters in Bangladesh. Our study primarily
explores the shortcomings of the national and local policies and plans to consider and
apply climate service for mitigating the possible impacts of climate disasters. Our
findings suggest that the current national and local development policies and plans
insufficiently integrate climate service in undertaking the necessary developments
and capacity building for risk reduction of climate disaster. Such inadequacies have
significant impacts on the mitigation of the impacts of climate disaster. The outcome
of the research will be instrumental for understanding and encouraging the stake-
holders to integrate climate service in the national and local development policies
and plans.
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Introduction

This chapter analyzes the current governmental and non-governmental arrangements
for the Disaster Risk Reduction (DRR) to explore the advantages of the application
of climate service to mitigate the impacts of the climatic disaster on the coastal
community of Bangladesh. The coastal area of Bangladesh is very vulnerable and at
high risk of the impact of climatic disaster including cyclone, storm, and flood (Roy
2019).1 Climate disaster causes serious disruption of the functioning of a commu-
nity or a society involving widespread human, material, economic or environmental
losses, and impacts.2 Every year, climate disaster causes a significant loss of life and
erode gains in economic development. Nine in ten of the most commonly reported
disasters are directly or indirectly related to weather or climate in Bangladesh.3 Vul-
nerability to disasters is increasing as more people inhabit high-risk areas in coastal
areas of Bangladesh. The global community has already evolved many guidelines to
motivate necessary development and capacity building to mitigate the conspicuous
consequences of climatic disaster including climate service.4

Climate service provides climate information in a way that assists decision mak-
ing by the state to adopt the national strategy, policy, and plan for development
and capacity building to mitigate the impacts of climatic disasters.5 This provides
scientifically-based information and products that enhance users’ knowledge and
understanding about the impacts of climate on their decisions and actions.6 It pro-
vides high-quality data from national and international databases on temperature,
rainfall, wind, and ocean conditions, as well as maps, risk and vulnerability analy-
ses, assessments, and long-term projections and scenarios.7 It plays a pivotal role in
planning the necessary development of infrastructure and capacity building for DRR.
The application of climate service in the current development and capacity building
plan for DRR are at a very rudimentary stage in Bangladesh. This chapter examines
the impacts of previous climatic disasters on the coastal community, and explores
the extent to which climate service was considered and applied in the development
and capacity building initiatives to mitigate the impacts of the climatic disasters in

1Retrieved from http://bora.uib.no/handle/1956/7331. Accessed 4 May 2019.
2UNISDR (2009) UNISDR Terminology on Disaster Risk Reduction. Geneva: Switzerland.
3Asian Disaster Reduction Center, Annual Report 2017. Available at https://www.adrc.asia/
publications/annual/17/2017_ADRC_Annual_Report.pdf. Accessed 10 Jan 2019.
4United Nations, Bali Action Plan 2012, FCCC/CP/2007/6/Add. Available at https://unfccc.int/
resource/docs/2007/cop13/eng/06a01.pdf. Accessed 10 Jan 2019.
5GFCS, What are weather/climate services. Available at https://www.wmo.int/gfcs/what_are_
climate_weather_services. Accessed 15 Jan 2019.
6American Metrological Society, Climate Service, A Policy Statement of the American Meteoro-
logical Society, (Adopted by the AMSCouncil 10 August 2012). Available at https://www.ametsoc.
org/index.cfm/ams/about-ams/ams-statements/archive-statements-of-the-ams/climate-services/.
7Ibid.

http://bora.uib.no/handle/1956/7331
https://www.adrc.asia/publications/annual/17/2017_ADRC_Annual_Report.pdf
https://unfccc.int/resource/docs/2007/cop13/eng/06a01.pdf
https://www.wmo.int/gfcs/what_are_climate_weather_services
https://www.ametsoc.org/index.cfm/ams/about-ams/ams-statements/archive-statements-of-the-ams/climate-services/
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Bangladesh. The objective of this research is to find out the necessity of the applica-
tion of climate service to mitigate the impact of the climatic disaster on the coastal
community of Bangladesh.

Climate Service and Disaster Risk Reduction: A Brief
Overview from Literature

United Nations Office for Disaster Risk Reduction (UNISDR) defines climate dis-
aster and its impacts.8 The definition of climate disaster and its impact has been
diversified by research to explore the impact of the disaster on economic, social and
cultural interests. The concept of climate service was integrated into the climate dis-
aster after the adoption of the United Nations Framework Convention on Climate
Change 1992. TheGlobal Forum for Climate Service (GFCS) defined climate service
as the process to provide climate information in a way that assists decision making
by the state to adopt the national strategy, policy and plan for development and
capacity building to mitigate the impacts of climatic disasters.9 Christel et al. (2018)
explores the design for the development of effective climate service.10 This crucial
study shows the ways in which climate service is useable for decision making. The
research also documents the challenges in generating and processing climate service
data. Tall et al. (2018) analyzes the impact of the application of climate service in
the context of agriculture.11

Many states have applied climate service in their national and local development
planning for the mitigation of the adverse impacts of climate disaster. The United
States applied climate service through the climate services enterprise comprising a
wide variety of entities including the National Oceanic and Atmospheric Adminis-
tration (NOAA).12 In South Asia, the issue of climate change consideration in the
disaster risk deduction was first raised in the book titled “Climate Change Adaptation
and Disaster Risk Reduction: An Asian Perspective”.13 This scholarly book does not
precisely analyze the feasibility for the application of climate service for the miti-
gation of the impact of climate disaster. In Bangladesh, the disaster risk deduction
has been gone through diversified research studies. Shaw et al. (2010) in his study
overviewed the arrangements for climate change adaptation to reduce disaster in
Bangladesh.

8UNISDR, Terminology on disaster risk reduction 2009. Available at https://www.unisdr.org/files/
7817_UNISDRTerminologyEnglish.pdf.
9GFCS, What are weather/climate services. Available at https://www.wmo.int/gfcs/what_are_
climate_weather_services.
10Christel et al. (2018).
11Tall et al. (2018).
12Ibid.
13Shaw et al. (2010).

https://www.unisdr.org/files/7817_UNISDRTerminologyEnglish.pdf
https://www.wmo.int/gfcs/what_are_climate_weather_services
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Rashid and Bimal (2014) extended the analysis to find out the impacts of dis-
asters including air temperature and sea level raise.14 Their study also scrutinize
the impacts of tropical cyclones, floods, and droughts. They analyze the relevant
strategies to find out climate justice for climate change victims, particularly, climate
refugees. Their research studies confronted climate change through disaster man-
agement initiatives, particularly, sea level rise in the coastal area of Bangladesh.
Moreover, Ali and Islam (2014) examined the adverse impacts of climate vulnerabil-
ities of livelihoods for disaster and poverty prone areas of Bangladesh.15 The authors
considered the impacts of natural disasters on the road infrastructure, drinking and
irrigation water supplies and health services, and suggest for capacity building by
the state. Subsequently, Takko and Shaw (2014) explored the role of private sector
in the mitigating the impacts of disasters by improving community resilience; using
expertise in engineering and construction, village design, and planning; developing a
business continuity plan; and applying infrastructure resilience through the necessary
risk mitigation strategy.16 Bangladesh ranks the fifth most disaster-prone country in
the world. The topographic and geo-physical location of the country has made it
vulnerable to various natural hazards, particularly to climate-change, related natural
disasters.17 Flooding, cyclones, tidal waves, and river erosion are the most common
climatic hazards which have been affecting around 44 million people living in the
southwest coastal region of the country.18 This coastal part of Bangladesh is one of
the most vulnerable and ecologically threating spots in the world (Roy 2018).19 This
coastal region is likely to hit by a catastrophic cyclone almost every three years. The
tropical cyclones that happened between 1991 and 2015 caused severe casualties and
damaged local infrastructure including road, mud houses, tube wells, and damaged
road and transportation system.20 It has been argued that cyclone hazards are natural,
but disasters are man-made. At present, the government of Bangladesh has devel-
oped capacities to track the speed and direction of cyclones and warn the coastal
communities well in advance, but still, thousands of coastal families continue to be
adversely affected by cyclones and flooding.21

Bimal and Rashid (2016) have presented the coastal hazards in Bangladesh and
suggested structural and non-structural solutions.22 The researchmostly analyzes the
institutional arrangements to solve the coastal hazardous in Bangladesh. Wedawatta
et al. (2016) conducted important research as to the disaster risk reduction by the

14Rashid (2014).
15Toufique and Islam (2014).
16Izumi and Shaw (2014).
17United Nations University—Institute for Environment and Human Security (UNU–EHS). World
Risk Report 2016; UNU-EHS: Bonn, Germany, 2016.
18Mallick and Vogt (2011).
19Retrieved from https://link.springer.com/referenceworkentry/10.1007/978-3-319-71025-9_10-1.
Accessed 5 May 2019.
20Auerbach et al. (2015).
21Hulme (2016).
22Paul and Rashid (2016).

https://springerlink.bibliotecabuap.elogim.com/referenceworkentry/10.1007/978-3-319-71025-9_10-1


16 Impacts of Climatic Disasters in the Coastal Area of Bangladesh … 315

infrastructure for the local communities of South-WesternBangladesh.23 The authors
investigated the existing and potential strategies for enhancing resilience to natural
disasters, community perspectives on infrastructure and structural protection. More-
over, Haque et al. brought a new dimension of ecosystem service-based adaptation
to climate change in the policy-making process of Bangladesh.24 The paper analyzes
the policy-making cycle by agenda setting; policy formulation; and policy imple-
mentation stage, where the contributions of ecosystem service-based adaptation can
horizontally or vertically be mainstreamed and integrated. The study of Akbar et al.
(2018) explores the damage caused by cyclone Sidr in 2007 in Bangladesh.25 The
researchers explored the impacts of the cyclone on the Sundarbans Forest and the
adjacent communities. The research suggests for the application of the storm protec-
tion service of the Sundarbans mangrove forest in the disaster management policy
of Bangladesh. Furthermore, Hassan (2018) shows the impact of the disaster on the
Artisanal fishing and the fishing communities in Bangladesh.26 The paper argues
for appropriate climate responses at local levels to mitigate the impacts on fish and
fisheries communities. The body of literature reviewed finds research on the impacts
of disasters, structural development; capacity building; application of ecosystem ser-
vice and storm protection service; and harmonization of national and local policies
for the adaptation and mitigation of the impacts of the natural disasters in the coastal
area. This inadequacy in research studies shows the application of the climate service
in the national and local policies and plans to mitigate the impact of climate disaster
in the coastal area of Bangladesh. This chapter substantially fills up this key gap
in the literature addressing the necessity of the integration of climate service in the
national and local development polices and plans to mitigate the impacts of climatic
disasters in the coastal area of Bangladesh.

Research Method

We utilized autoethnography as an approach for describing and systematically ana-
lyzing personal experience in order to understand the experience of the local commu-
nity. This approach was utilized along with twelve life story interviews. In addition,
direct observation was conducted with the participants for documenting the devel-
opments provided by the government agencies and non-government NGOs to the
climate survivors. A total of 12 participants (7 males and 5 females) aged around
25–45 were recruited through purposive sampling technique. This age group was
selected to allow participants to share their past memories of climatic disaster along
with its associated consequences on road and transport, drinking water and health.

23Wedawatta et al. (2016).
24Huq et al.(2017).
25Akber et al. (2018).
26Hasan and Nursey-Bray (2018)
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The researcher conducted two months (1 December 2018 to January 2019) of field-
work in Dacope Upazila, Khulna Division. Before starting interviews, the researcher
clearly explained the study aims to participants and recorded their consents. Each
interview lasted for 50 min. The researchers conducted life story interviews. An
audio recorder was used to tape conversations in life story interviews. The partici-
pants shared the impacts of climatic disasters in their local area. The transcribed focus
groups and interview data (Bengali texts, direct quotes) were coded. Thereafter, the
thematic analysis was utilized to develop key-themes and associated sub-themes of
the study.

Details Findings of the Study

The researchers focus on three aspects for examining the impacts of the climatic dis-
aster on the coastal community of Bangladesh. The impacts on roads and transports,
drinking water and health service are the motivating factors of this research. The
impacts of the climatic disasters on these sectors are analyzed below.

Impact on the Road and Transportation System

Road and transport play a crucial role in reducing disaster risk and mitigate the
impacts of climatic disasters. However, it is found that the road and transport system
in the coastal area of Bangladesh is very vulnerable. The local participants narrate
that the connecting road from the village to the union Parishad Office is made of mud
and very narrow. As the roads are made of mud, these become very clay and slippery
during monsoon, which makes impossible to ride a vehicle to transport themselves
from their own village to another. The participants categorized two types of transports
they usually use: motorcycle and engine boat, for travelling to the Union Parishad
Office. Motorbike is used during the dry session, while diesel-run engine boat is
utilized during the rainy session. The villagers have to go to the Union Parishad
Office for obtaining any service, relief and facility provided by the government.
Most importantly, the cyclone centre is located near the Union Parishad Office. The
Union Parishad Office is about 4 km from the village. Althoughmotorbike is the only
transport during dry session, villagers cannot afford it because of highly expensive
for them. Related to this, a participant noted:

There is Motorcycle in the local bazar stand, that carries a passenger from the Bazar to the
Union Parishad Office. But we go to the Office by walking as it is expensive to ride on
Motorcycle. We are poor and can not afford the cost. So, we go by walking, that takes about
one and half hour to go to the Union Parishad Office from this village.

According to participants, a motorbike as a vehicle is very risky for women and
children. Although the localmale can ride on it, women and children can not ride. The
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local women are not accustomed to riding these types of transports. The women and
children travel from the village to the Union Parishad Office by walking, spending
around about two hours even to go to the Union Parishad Office. Moreover, if there
is rain, a driver fails to drive his motorbike as the roads become clay and slippery.
Therefore, the villages have only one option of walking for traveling from the village
to the Union Parishad Office. A youth activist reported,

You (the interviewer) can not go with your motorcycle if there is a little rain in our village.
You have to leave your motorcycle here and go by walking. Very often we fall down on the
slippery road and get back pain.

Besides motorbike, engine boat is a popular mode of transportation for traveling
from the village to other places. These boats are the only hope during rainy session
and disaster. These small boats are very risky for traveling from the village while
crossing a river. This is particularly risky for women, children and the elderly as they
do not how to swim in a dense river. A participant described in the following way:

The engine boat is the only mean for traveling from the village to Chalna (local city) during
a disaster. There has no bus and three-wheeled van for transportation while commuting from
the village to the Union Office. Most of the cyclone centres are located at a distance of at
least 4 kilometers from the local village. The villagers face severe difficulties to move from
the village to the cyclone centre.

As the roads are made of mud and very narrow, the hit of Cyclone and subsequent
flooding compelled to wash away the muddy roads. Therefore, the villagers had no
option to use any road driven transport. They have the only option of using engine-
driven small trawler. Moreover, these trawlers are not available all times. During a
disaster, there has a little possibility to get these trawlers as the owners of the trawlers
are busy to save themselves. According to a local participant:

During cyclone Aila (2009), I and my family members went to find out an engine boat to
travel from the village to the Cyclone Centre. We waited for about 2 hours and got no boat.
Finally, we crossed the river by swimming. We were thinking that we were about to drown
in the river.

The villagers also used engine boat for traveling to the hospital. The hospital
is located at least 6 km away from the village. It took at least 1–2 h to take the
patient to the hospital. Moreover, the sound of the engine boat worsened the physical
condition of the patient. The roads and transports were the common problems of the
coastal community for long. There was no road for communication from the village
to the Union Office before ‘Cyclone Aila’. There is no significant change in the
road before and after the hit of Cyclone Aila. Immediately after Cyclone Aila, the
condition of the road was very bad as it was washed away. The roads are now a little
bit good compared to the previous condition. But, these muds made roads may be
again washed away even if there is simple hit of cyclone or flood.

There are several arrangements for the reduction of the disaster risk provided
by the Government of Bangladesh, international and local NGOs. There is a Union
Disaster Management Committee which is headed by the Chairman of the Union
Parishad. The committee coordinates climate service-related activities, which are
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executed by NGOs such as World Vision; Nabjatra, Sushilon, BRAC, Ullashi, and
DSK. Although the committee hardly faces difficulty in coordination, the committee
struggles to do necessary development because of the constraints of government’s
financial budget. The financial budget is very less compared to the annual budget
necessary for infrastructural development. A local public representative stated:

Suppose, we need to build a 1-kilometer concrete road, the budget is only Taka (TK.) 50,000
(USD 700) which is adequate only for half a kilometer of the total road. We have stopped
working on half a kilometer as we do not have money.

There is an ongoing project for a water dam on progress to prevent entering water
into the local village of the study area. The dam is to be used as a road for traveling
from the village to the Union Parishad Office and the divisional city of Khulna.
The Water Development Board of the Bangladesh Government is implementing the
project. As the project is going on, it will take at least 1 year more to complete. By
the meanwhile, the roads are in very fragile condition and at risk of broken down
if there is even a simple strike of disaster. A participant noted that the main way
for the prevention of the impact of the disaster is to build a water dam. Although
the on-going project will be new hope for the road of this village, the outcome is
dependent on the successful completion of the project. Moreover, there are some
other projects for the development of road and communication in the village. The
projects are Rural Infrastructure Reparation; Cash for Work; Maintenance of Rural
Infrastructure (TRB). Furthermore, the government is implementing the Heise Bon
Bon (HBB) project to develop the mud made road in the villages. Considering some
budgetary constraints, a government officer reported:

There are of course some barriers. Suppose, we need fund to repair a dam if there is a sudden
breakdown. But we cannot do anything as we do not have any reserve fund for this. We have
to wait for the approval of the District Commissioner.

The approved funding is very less compared to the actual necessity. The less budget
is a challenge to take necessary developments for the mitigation of the impacts of the
disaster. Furthermore, it takes more time to get the budget even the actual damage
caused before 6 months. Thousands of kilometers of the road cannot be repaired
because of budget constraint. The Government has developed the Risk Reduction
Action Plan. The Union Disaster Management Committee takes the decision for the
implementation of a plan according to the priority decided by the Risk Reduction
Action Plan. The Committee makes a pilot project according to the allotted budget
for the implementation of the plan. A project Implementation Officer stated:

We take initiatives and actions based on the reports on the disasters happened at different
times. We provide necessary help the victim (affected people) after the disasters. We analyze
the loss and damages to the affected people and take activities.We prepare a report of the loss
and damage after the disaster and send to the concerned ministry for the necessary financial
budget and we implement the budget when we get. We also do the pre-disaster Management
Meeting.

The Ministry has a Community Risk Assessment Programme which analyses the
necessity of the community and adopts a RiskReductionAction Plan according to the
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priority list. For example, repairing road, Calvert, and bridge repair etc. In addition
to the government actions and plans, NGOs have been working to provide necessary
developments and capacity building activities to mitigate the impacts of the climatic
disaster on the coastal community of Bangladesh. World Vision is implementing a
water dam project. A Project Implementation Officer reports that NGO can imple-
ment its project within the time frame. On the other hand, government projects take
much time and cannot be completed within the time frame. However, the initiatives
and plans taken by the NGOs are limited and insufficient for the development of nec-
essary road and transports for traveling from the village to the UP Office, Hospitals
and Cyclone Centres in the study site.

Impact on Drinking Water

The sever scarcity of drinking water is a primary concern for the coastal community
of Bangladesh. A participant notes that the main problem of this area is the scarcity
of drinking water. If we could manage drinking water for them, half of the problem
could have been solved. The scarcity of pure drinking water is a daily and continuous
problem for the coastal community. The rain water is the primary source of drinking
water in the area. A local participant reported:

Our main source of drinking water is rain water. We reserve rain water in polythene, mud
pot, and water reserve tank. We do not get any drinking water from the government.

The rainy session lasts for 2–4 months. The coastal community reserve rain water
during the rainy session and drink for the remaining months of the year. A local
participant states that if the reserved drinking water is finished, we borrow water
from others. However, it is very tough to get drinking water from others. Another
local participant mentions that although we have some water tanks and reserve rain
water there, the water can be at best be okay for 6 months. But we face severing
scarcity for the remaining 6 months.

Some of the villagers have got water reservoir tank either from the government
agencies or non-NGOs.However, thewater tanks provided by the government agency
and NGOs are not adequate to reserve drinking water for the whole year. A public
representative of the local area states that we do not provide any facility for water.
A local participant says,

The scarcity of the drinking water is the main problem of this area. As we all do not have
water tanks, we cannot reserve water adequately. If the government would provide a water
tank for each family, that could be good for us.

Another local participant mentions that several families have got a water reserve
tank, but we have not got. Even the government provided 2–3 water reserve tank
in the whole union. The local Chairman and Member of the Union Parishad Office
provide these tanks to their close relatives andwe have never got anywater tanks from
the government. Apart from the nominal water tank provided by the government, the
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local NGOs have provided water reserve tanks to the local community. However,
the water reserve tanks are not adequate for the reservation of the drinking water for
them. A project implementation officer says,

I think there are about 200 thousand people live in Dacope where there is no arrangement
for pure drinking water. So, the main demand of the people of this area is a water reserve
tank. The problem of drinking water could be solved if we could provide at least 2000-liter
water tanks for each family.

The scarcity of the drinking water could be resolved by providing adequate deep
tube-well in the area. Although there is less possibility for pure drinking water from
the deep tube-wells, the government initiatives for providing deep tube-well is very
nominal. A local participant reports,

We have not got any tube well from the government. There are 2 tube-wells in our village.
One supplies pure drinking water, and another gives salty water which is not suitable for
drinking. The tube-well is located at least 1.5 kilometers from my house.

Another local participant stated:

The most serious problem is the scarcity of drinking water in this area. Even we drink the
salty water or water from a pond. The tube-well and pond are also far away from our house.
It takes about 2-2.5 hours to collect water, therefore, we cannot do other necessary activities.

There was sever scarcity of drinking water after Cyclone Aila. A local participant
reports that they did not get an adequate arrangement for drinking water provided
by the government after the disaster Aila. He also mentions that all ponds and tube-
wells were washed away by the Aila. They were temporarily supplied with drinking
water from the cargo provided by the government. Moreover, they got some water
reserve tank provided by the local NGOs. However, in maximum cases, the village
leaders got the water tanks from NGOs. The water reservoir tank provided by NGOs
were not adequate to solve the scarcity of drinking water of the coastal community.
However, the coastal community got better support for drinking water compared to
the government agency. A social worker states that we get maximum support from
NGOs rather than the government to prevent the impacts of the disaster. Although the
support by the NGOs is also limited and not adequate according to the necessity, it is
better than the government support. The government project for solving the problem
of drinking water is very limited.

Impact on Health Service

The climatic disaster has the most serious impact on the health service. Inadequate
arrangement for health service maximizes the risk of severing impact of the disaster
on the coastal community. The coastal people of Bangladesh do not have the mini-
mum access to health service. A very limited number of doctors, non-availability of
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medicine and hospital make the coastal community vulnerable to the climatic disas-
ter. Our data explore that there is a health clinic in the village. But the clinic provides
no value for the health service of the villagers. A female participant informed:

A clinic was established after Aila in this village. We go to the clinic for the health service.
However, they do not get sufficient health service from the clinic. We do not get health
service and medicine according to our necessity and demand. We get only some pain killer
tablet for fever or pain. More interestingly, we have to tell them the name of the tablet. The
doctor in the clinic does not know anything about health service. He is a compounder. There
is no specialized doctor in the clinic.

According to participants, at the local clinic, the responsible doctor comes at
11.00 am and leaves at 1.00 pm. It means they stay only for 2 h. They mentioned that
the clinic does not have any potential function to offer us a good medical service.
They also report that we need to become a doctor by ourselves and tell them the name
of the tablet. They do not get any treatment and medicine from this clinic. So, they do
not go to this clinic. In most cases, patients usually go to the paramedical doctors of
their village. There are some paramedical doctors in the village. The villagers go to
the paramedical doctors for their treatment. They paramedical doctors only prescribe
saline if they are caught of diarrhea and paracetamol for fever and pain. The villagers
depend upon the paramedical doctor for their health service. As the clinic does not
provide adequate medicine and doctor, the villagers go to Sadar Hospital which is
located about 6 km far from the village. They cross a river by ferry which takes a
long time to go to the hospital. A participant explained:

We go to the other side of the river if we need any doctor. If there is any emergency, we go
to the other side crossing the river by a trawler, which takes much time to manage and go.
Moreover, the sound of the engine of those trawlers create problems of the patient.

The facilities for health service afterCycloneAilawere not adequate for the coastal
community. The participants state that they got very less health service after Cyclone
Aila. They got health service from the mobile clinic team after the disaster. They got
two soaps and some saline from the mobile clinic team. A local female participant
states that we got some medicine and health service after the disaster, for examples,
saline, a tablet for diarrhea and dysentery. They got health service from Sun’s smiled
symbolled health clinic after the disaster. But these services are not available now.
The villagers got some health service from NGOs, for examples, saline, and first aid.
But theNGOs, now, provide no health service. A local public representativementions
that a Nobo jatra, a US-AID funded project provides a maternity payment for the
pregnant women of the village. However, the service is very limited. As the health
service provided by the government agency and non-governmental NGOs were not
adequate, the villagers availed health service at their own costs. The villagers have
to go to the divisional hospital for better health service. As there has no necessary
road and transports, they go to the city hospital by a trawler, which takes at least 3 h
to go. A local participant states that we have to go to Chalna or Khulna by crossing
the river for any health care. We have to wait long for a trawler. Even we do not get
trawler if it is at night, which makes it impossible to go for an emergency.
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Climate Service for the Mitigation of the Impact of Climate
Disaster on the Coastal Community of Bangladesh

Our analyses of the impacts of the climatic disasters explore that the governmen-
tal agency and NGOs do not adequately consider and apply climate service in the
development and capacity building policies and plans to mitigate the impacts of the
disaster in the coastal area of Bangladesh. It also shows that the local government
agency knows that the roads made of mud are washed away and broken by the cli-
matic disasters. The field data presents that the mud made roads become clay and
slippery if there is rain even for a moment. The roads become unusable during the
disaster. Although the government is implementing water dam projects to use for
road, these are not adequate for the total coastal area. The villagers cannot move to
the cyclone centre quickly because of the roads. Although the government agency
has information, the government development plans and project do not adequately
consider and apply this (climate service) information for taking and implementing
appropriate plans and projects for the development of road of the coastal area of
Bangladesh.

The study explores that the available transports in the coastal area are not suitable
for moving from the village to the Cyclone Centre and the Union Parishad Office. A
motorcycle cannot be used during the disaster as the roads become clay and slippery.
Moreover, the women, children and old people cannot ride onMotorcycle. The small
trawlers are very risky and not adequate for traveling from the village coastal area to
Cyclone Centre, Union Parishad Office, and Hospital. The development and capacity
plan and projects of the government agency and NGO do not take this (climate
service) information while adopting and implementing projects for the development
of the coastal area. There has no project for the affordable, suitable and safe transport
system during climate disaster in the area.

Analysis of the generated data also explores that the scarcity of drinking water
is a primary challenge for the coastal community. They are severely suffered for
drinking water not only during the disaster but also at the current normal situation.
Non-availability of ground water makes them to primarily rely on rain water. The
government agency knows the information of the scarcity of drinkingwater, in partic-
ular, during and after disaster. However, the current policies, plans and projects do not
take this information in consideration to develop plans and projects for establishing
a large-scale water reservoir system under the government project.

The climatic disaster creates both short-term and long-term health impacts on
the coastal community. Therefore, the mobile and temporarily clinical team is not
a durable solution to provide health service for the coastal community. It is evident
from the previous natural calamity on the coastal area of Bangladesh that usually
the rainy session (from June to October) has more possibility of cyclone or flood.
However, the governmental agency and non-governmental organization do not have
appropriate plan and project to develop the medical facility for the coastal people.

The climatic disasters, in particular, Cyclone Aila caused sever impacts on the
coastal community of Bangladesh. The impacts could be mitigated by taking and
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implementing appropriate national and local development policies, plans and projects
with due consideration and application of climate service information. This study
explores how the consideration and application of climate service information in the
national and local development policies, plans and projects may mitigate the impacts
of climate disasters on the coastal community of Bangladesh.

Climate service information urges the government and non-governmental initia-
tives for the development of road and transport that are safe and suitable for the coastal
community during climatic disasters. The Government should adopt plan and project
for concrete and pitch roads for sustainable communication in the coastal area. The
on-going water dam project should be extended to cover the whole coastal area to
mitigate the impacts of cyclone or flood. The dam and road must be much high that
will not be usually flooded by climatic disasters.

Concerning the drinking water, both the Government Agency and NGO should
adopt plan and policy for reserving drinking water for the coastal community. The
government agency andNGO should take into consideration the information as to the
level of water during flood or cyclone to establish water purifier plant in the coastal
area. The government and NGO should arrange a water reserve in a safe place that
is not down by flood or blown away by a cyclone. The government should take an
immediate plan for adequate water reservoir tank for the coastal communities. The
distribution of the water tanks must be a monitor for fair distribution and prevention
of corruption.

In relation to the health and medical service, the Government and NGO should
adopt plan and policies with the consideration of climate change information to
resolve the problem of health service. The Government agency should arrange ade-
quate doctors andmedicine in the local health clinic during the period when there has
more possibility of climatic disasters. The government agency should also consider
the information as to the level of water to arrange necessary emergency transports
to carry the patient for health service. Apart from the government project, NGOs
should have more engaged in providing health service for the coastal community, in
particular, for the women and children.

Concluding Notes

The climatic disasters have very measurable impacts on the coastal community of
Bangladesh. In particular, disasters cause serious impacts on road and transport,
drinking water and health service. The vulnerable and fragile roads block even the
minimumchance of saving a life during the disaster. The scarcity of safe and available
transport makes tougher to move out of the village to the cyclone centre. Moreover,
the coastal community faces a severe scarcity of drinking water during the climatic
disaster. Furthermore, the arrangements for the health service of the coastal com-
munity are very nominal, which is neither adequate nor desirable for such a highly
disaster risk area. The current projects and plans were taken by the government and
NGO do not take in consideration the climate service information to mitigate the
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impacts of the climatic disasters. The government agency and NGO should adopt
development policy, plan and project with due consideration and application of cli-
mate service information for the coastal people. The application of climate service
information will facilitate the government and NGO to design their plan and project
for the necessary developments and capacity building to mitigate the impacts of cli-
mate disasters. Consideration of climate service information in the development and
maintenance of road and transports project will accelerate to reduce the risk arising
from the fragile road and communication. Application of climate service information
for confirming enough drinking water will prevent scarcity of drinking water during
the disaster. Moreover, consideration of climate service information in enhancing the
health service for the coastal community will minimize the unexpected death and
injuries of the coastal people. The application of climate service information in the
development policies, plans in the coastal area will reduce the disaster risk and cause
fewer sufferings of the coastal community of Bangladesh.
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Chapter 17
Towards More Resilient Food Systems
for Smallholder Farmers in the Peruvian
Altiplano: The Potential
of Community-Based Climate Services

Andrea Rossa, Moritz Flubacher, Lizet Cristobal, Hugo Ramos
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Abstract Experiences from the disastrous 2016 El Niño revealed that its forecast,
although available, was not known, accessed or understood by a large part of agri-
cultural communities living in remote rural areas. This is all the more striking since
these population groups are particularly vulnerable to adverse climate events as their
livelihoods heavily depend on climate-sensitive agricultural production. In the frame-
work of Climandes, a twinning project between the meteorological services of Peru
and Switzerland, we implemented and evaluated the impact of community-based cli-
mate services that were co-developed with the target smallholder communities of the
semi-arid highlands of the southern Peruvian Andes, where small-scale farmers are
especially exposed to adverse climate events due to high inter-annual climate vari-
ability and weak socio-economic capacities. In this chapter we analyse the project
implementation through a socio-economic lens. Research results generated along-
side the project indicate that the well-directed user engagement resulted in a strong
increase of trust in the weather service SENAMHI Peru and led to improved con-
sideration of the information provided in the respective decision-making processes.
We highlight the key steps that proved to be indispensable for the implementation
of meaningful and sustainable climate services. The project outcomes point to the
great and widely untapped potential of community-based climate services to reduce
vulnerability and strengthen resilience of smallholder farmers in the face of changing
climate conditions.
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Introduction

Implementing the Global Agenda at the Local Level

Climate change constitutes a substantial challenge for developing countries and coun-
trieswith emerging economies due to their often limited adaptation capacities. People
and regions that are socially or economically marginalized are particularly at risk as
climate-related hazards will further exacerbate their already constrained livelihoods
(IPCC 2012). In the coming decades climate change is expected to amplify existing
climate risks and create new ones for society.

In 2015, the international community set new global targets for the period 2015–
2030 for disaster risk reduction (Sendai Framework), climate change mitigation and
adaptation (Paris Agreement) and sustainable development (Agenda 2030). Climate
services support the achievement of these three global agendas. For theSendai Frame-
work, weather and climate predictions on a broad range of spatial and temporal scales
are a fundamental element of multi-hazard early-warning systems, which in turn are
the basis for enabling proper disaster preparedness to safeguard lives and livelihoods.
Under the Paris Agreement, improved communication of scientific information on
climate variability, trends and extremes contributes to climate risk assessments and
supports the promoted National Adaption Plans (NAPs). Finally, the majority of
the 17 sustainable development goals (SDGs) are climate-sensitive, which renders
climate services critical for achieving these goals.

Well aware of this cross-cutting importance of climate, the third World Climate
Conference in 2009 decided to launch the Global Framework for Climate Services
(GFCS) with the aim to improve availability, quality and access to climate services to
better dealwith climate-related risks. TheGFCS recognized that developing countries
and countries with emerging economies are often lacking even basic weather and
climate information and, therefore, are given a high priority in the implementation
of the Framework.

An innovative core element of the GFCS implementation strategy is the estab-
lishment of a User Interface Platform (UIP), designed to ensure effective dialogue
and interaction between users and providers of climate services, helping providers to
understand user needs and, correspondingly, allowing users to understand technical
and scientific opportunities and thereby correctly interpret weather and climate infor-
mation and services. Moreover, the GFCS proposes to set up this platform in a way
that provides a structured process to foster the indispensable user-supplier dialogue
and a managed method to define and reconcile user needs and provider capabilities,
all with a view towards promoting effective climate-smart decisions.

In 2012, the Swiss Development Cooperation launched Climandes (Servicios
climáticos para el desarrollo) as one of the first GFCS priority pilot projects under
the Global Program Climate Change and Environment. This cooperation project
between the PeruvianNationalMeteorological andHydrological Service SENAMHI
and the Swiss Federal Office of Meteorology and Climatology MeteoSwiss aimed
at developing and providing climate services tailored to the agricultural sector of
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the Andean highlands with emphasis on food security and subsistence farming. As
such, Climandes can be considered an innovative example of how to transform the
GFCS into practical solutions at the local level and hence improve the resilience of
agricultural communities in the Peruvian highlands. Climandes was performed in
two phases periods 2012–2015 (Rosas et al. 2016) and 2016–2019 (Gubler et al.
2020), respectively.

The Importance of Small-Scale Agriculture and Enhanced
Access to Weather and Climate Information

In Latin America, Sub-Saharan Africa or East and South Asia, small-scale farmers
provide almost three quarters of food calories, hence playing an essential role in
sustaining food security, jobs and income in rural areas of developing countries and
countries with emerging economies (Samberg et al. 2016). However, smallholder
farming is frequently exposed to socio-economic, cultural and environmental risk
factors that affect the production system. In 2016, El Niño-driven weather patterns
and political instability caused an intensification of global food insecurity in 2016
(FAOet al. 2017). An analysis of the 2016ElNiño event, which affectedmore than 60
million people worldwide, revealed that a major part of the exposed population was
uninformed and unprepared for the pronounced climate anomalies (Frei et al. 2016).
Tailored communication of weather and climate information is critical to reducing
the impact of agro-climate hazards by enabling proactive action to reduce crop yield
losses. While information on adverse events often exists, too often it is not known,
accessible or understood by large user groups, particularly smallholder farmers in
remote rural areas (Carr and Onzere 2017).

Indeed weather and climate information often fail to complete “the last mile”
to reach large user groups, as for instance in the case of smallholder farmers in
remote rural areas. For many national meteorological services climate informa-
tion are not co-developed with and tailored for specific users or user groups, nor
are they well anchored at the institutional level, especially in developing countries
and countries with emerging economies. To address these shortcomings and fol-
lowing the GFCS guidelines, the Climandes project developed a prototype of a
UIP designed to enable a strong engagement with key stakeholders. The imple-
mentation of such a UIP was probably the single most decisive factor in suc-
cessfully bridging the supplier-user gap. The stakeholders involved encompass
the information providers, intermediary users such as sectoral experts, and repre-
sentatives as well as local communities and small-scale farmers.
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Conceptual Framework

To plan an intervention that aims at strengthening climate resilience, it is paramount
to understand the target populations’ climate-related vulnerabilities. Socio-economic
vulnerability to climate-related hazards on the one hand is given by a combination of
themagnitude of typical weather and/or climate events, the exposure and sensitivities
of people and assets to such events. On the other hand, the peoples’ adaptive and
coping capacities is determinant to how large an impact will result (Fig. 17.1). In the
case of small-scale farming, extreme weather and climate events result in immediate
short-term impacts such as crop losses, which depend on exposure, sensitivity of the
agricultural production, but in a substantial way on the adaptive capacity to such
events. As a matter of fact, significant weather and climate services can help the
decision-making process for putting in place impact-mitigating measures to reduce
the crop losses. A use case example for the mitigating effects of user-tailored climate
services on the impact of a hypothetical frost event on the Andean highland quinoa
harvest is given in Box 1.

Box 1 Frost example—Why do Juan and Pablo experience different quinoa
losses from the same frost event? Juan’s farmland lies in a shallow basin where
a pool of cold air forms during the night (higher exposure to frost). Due to better
yields, he uses a more productive but less frost-resistant crop variety (higher
sensitivity). Furthermore, he lives in a remote area that has no radio signal.
Therefore, he does not receive the frost warning from a local radio station
and cannot trigger corresponding protective measures (low adaptive capacity).
During a strong heavy frost night in February, Juan loses almost half of his
quinoa production. Pablo lives in the same community as Juan, but his farmland
lies on the slope (lower exposure to frost). Julissa, a friend of Pablo isworking at
an agricultural research institute and is developing new frost-robust resistance
quinoa varieties that are less productive but more robust to frost and drought
(lower sensitivity to frost). Julissa regularly sends text messages with specific
agricultural advice based on information from the meteorological service and
Pablo protects his cultures with foil in case of frost (high adaptive capacity).
During the frosty night in February, Pablo does not suffer any quinoa loss.
Luckily, Pablo is sharing a part of his quinoa harvest with other community
members like Juan who would otherwise lack food (coping capacity).

For subsistence farmers, significant crop failures imply long-term consequences,
typically including strained livelihoods and increased food insecurity. These conse-
quences arise from a combination of the farmers’ large dependence on home-grown
food and insufficient capacity to recover from external shocks for a lack of savings
and other social or financial protection. As a result, a single event can set in motion
a negative feedback process (see Fig. 17.1) which pushes vulnerable people into
poverty, and potentially propagates this status to keep them locked in a poverty trap
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Fig. 17.1 Shows the underlying concept of socio-economic vulnerability to weather and climate
events. Socio-economic vulnerability towards climate-related hazards is composed of an envi-
ronmental and societal dimension. The environmental dimension comprises the magnitude of the
weather and climate event, how often someone is hit (exposure) and how sensitive they are towards
it (sensitivity). The societal dimension encompasses the ability of a specific population to prepare
for an up-coming event (ex-ante adaptive capacity) and to overcome the associated impacts (ex-post
coping capacities). For small-scale subsistence farming, severe weather and climate events may,
depending on the adaptive capacity, translate into short-term impacts in form of partial or total har-
vest losses. Frequently ensuing long-term impacts on the population’s well-being may, depending
on their coping capacity, endanger their livelihoods and leading to poverty. Dashed/solid squares
represent typical/reduced harvest and well-being. The larger the missing portion of well-being, the
larger the risk for poverty. Note, that the feedback processes determined by good or poor adaptive
and coping capacities can lead, respectively, to a sustainable livelihood or quickly into poverty
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and thwart years of improved welfare. In the context of disaster risk management and
adaptation planning, the nexus of poverty and vulnerability has recently gainedmuch
attention (Hallegatte et al. 2017). The Climandes project paid particular attention to
this nexus by evaluating the smallholders’ ability to manage climate-induced crop
failures depending on their individual wellbeing. This information helps to better
anticipate the social effects of the implementation of climate services in order to
make these more inclusive.

In summary, both exposure and sensitivity to adverse weather and climate events
can be reduced, for example by properly choosing the location of land to be farmed
and using robust crop varieties, for instance. Climate services, for example in form
of early warnings allow farmers to trigger preventive disaster-reducing measures.
Additionally, an improved ability to recover from disasters can reduce the negative
long-term impacts of events on the farmer’s livelihood and welfare. Such recovery
mechanisms include the enhancement of access to social and financial protection
mechanisms like crop insurance, safety nets, savings and governmental aid, aspects
which are beyond the reach of the present study.

Objectives

This chapter assembles the practical, user dialogue-related experiences of project
Climandes. It outlines the project’s approach and reports key findings and lessons
learnt, with a particular focus on user participation and the presentation of pilot
GFCS User Interface Platform (UIP). The chapter is meant to provide examples of
“best practices,” and give guidance for similar initiatives in developing countries or
countries with emerging economies. It is not intended to be a comprehensive manual,
but rather a description of essential steps, that emerged to be indispensable for the
design and implementation of effective and sustainable climate services tailored to
user needs.

The chapter is organized as follows: first, we describe the context for the
implementation of Climandes and the project’s approach; the following two sec-
tions present the project’s key findings and insights from the project and illustrate
applied research activities; we conclude with a discussion of our main findings and
recommendations for practical applications.

A Two-Stage Approach for Evidence-Based Action

Climate Service Implementation as a Multidisciplinary Effort

In 2014, the GFCS stated that user dialogue and feedback is only just beginning and
that gaps therein were impeding the process of moving from data to decisions. The
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GFCS introduced an innovative concept—the User Interface Platform (UIP)—and
encourages the development of UIP models that are not overly sector-specific, but
instead identify and clearly articulate the common aspects of a UIP that make it
sufficiently flexible to meet the needs of a wide range of climate-sensitive sectors.
On the other hand, the GFCS recognized that, even though the geographical scope
of the UIP is targeted to the global, regional, and national levels, possibly with
multi-sectorial reach, actual implementation actions take place at the local level and
often focus on a specific sector. There is an evident need to reconcile the scale
gap between ‘changing the world at once’ and ‘helping individuals’. This scale gap
is exemplified in many regions where weather and climate information exist, but
do not cover the ‘last mile’ to reach remote rural communities who are most in
need of such information. All these issues make the design and implementation of
climate services a very complex, inherently multidisciplinary challenge that involves
a variety of stakeholders ranging from an individual smallholder farmer to national
governmental institutions. It combines expertise from natural and social sciences as
well as traditional knowledge in order to understand the decision-making processes
of the users.

While the GFCS proposed guidelines to setup a UIP to address these challenges
(WMO 2014), the specific activities of such a platform are not well defined or spec-
ified in any implementation-ready manner. In fact, a review of the GFCS recently
concluded that ‘the purpose and functioning of a UIP is not well understood by
many climate service producers and users’ (Gerlak et al. 2017). We responded to this
inherent difficulty by setting up a pilot GFCS UIP in a way that reflected the needs
of targeted groups, allowed regular interaction and training, built trust in the climate
service provider and motivated users to engage in a monitoring and evaluation activ-
ity. In a nutshell, we found that a significant user engagement is a key element for
implementing climate services and reaping their benefits.

The Climandes Two-Stage Approach of a User Interface
Platform

In our quest to ensure that all relevant voices are heard and climate services respond
to their needs, we implemented the pilot UIP in a structured two-stage approach
(Table 17.1). The approach was set up to promote a close user engagement from the
very beginning of the project that helped to design climate services that are in line
with the users’ demands. We conceived the first stage to provide the robust evidence
necessary to plan subsequent interventions. In the second stage, we implemented cli-
mate field workshops to facilitate interaction with climate service end-users in two
rural communities, along with the corresponding monitoring measures to evaluate
the intervention’s performance and impact. The first stage involved a mapping of
stakeholders, aimed at identifying all relevant actors, integrating sectoral expertise
and building strategic alliances. We further carried out a comprehensive assessment
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Table 17.1 The two stage set-up of the prototype UIP implementation in Puno

Pilot GFCS User Interface Platform (UIP)

Stage I: Evidence for action Stage II: Translating evidence into practice

Stage I: Building blocks
• Stakeholder mapping
• Vulnerability assessment through a7
household survey

• Socio-economic benefits estimation
• Constraints to utilization of weather and
climate information

Stage II: Building blocks
• Building a continuous dialogue between
provider and user

• Establishing a feedback mechanism
• Improving climate literacy
• Monitoring and evaluation measures

To gain evidence for the intervention, we
conducted a representative survey with 726
small-scale farmers in 15 districts in the Puno
region. The investigation aimed at assessing
the smallholders’ climate vulnerability in
terms of exposure, adaptive and coping
capacities, as well as the current use of and
prevailing barriers to weather and climate
information

The intervention consisted of a series of
monthly climate field workshops in the two
agrarian communities Churo López (Aymara
community) and Ccamara (Quechua
community) during the growing season
2017/18. The workshops aimed at establishing
a continuous feedback mechanism, sensitizing
farmers about the use of weather and climate
information, overcoming key factors limiting
their use and evaluating the impact of the
project

of vulnerability to climate-induced hazards through a household survey including
a representative sample of more than 700 small-scale farmers (<10 ha) covering a
total of 60 peasant communities in the northern (Quechua) and southern (Aymara)
part of the Puno region (Fig. 17.2). The survey aimed at assessing the end-users’
characteristics, knowing their major climate-related problems for agricultural pro-
duction, evaluating their decision-processes and eliciting their needs for weather and
climate information. Based on these data, we then estimated the potential economic
value of improved access to information. Communicating potential socio-economic
benefits in monetary terms to policy makers is expected to raise their awareness and
foster sufficient and sustainable public investment in climate services. Finally, we
identified major barriers to the utilization of weather and climate information among
end-users.

The second stage of the intervention translated the previously generated evidence
into practice in the form of climate field workshops. We paid particular attention
to the development of a user-tailored service focusing on targeted communication
and user involvement through the setup of a community outreach strategy (climate
field workshops). These workshops were geared to facilitate effective uptake of the
information provided, aswell as to build trust among users on theweather and climate
information offered. Workshops were designed as a pilot intervention to evaluate
the potential for scaling-up effective user-driven climate services in the future. The
number of farmers participating in the workshops did not change significantly, but
the proportion of participants interviewed after the workshops to carry out an impact
analysis was highest during the first session.
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Fig. 17.2 The Climandes two-stage approach in the pilot region Puno. We implemented a GFCS
pilot User Interface Platform (UIP) using a two-stage approach that is built around evidence-guided
action with early involvement of the user community. The applied approach is generic and transfer-
able to other regions and climate-sensitive sectors. The intervention took place in Puno, a semi-arid
highland area in the southern Andes of Peru (grey shades denote topography) where smallholder
farmers are especially exposed to the impacts of adverse weather and climate events due to high
inter-annual climate variability and weak adaptive and coping capacity. The filled black circles indi-
cate districts investigated, while the triangles denote the two pilot communities for which monthly
climate field workshops were conducted. The regional office of SENAMHI Peru is located in Puno
(diamond)

The workshops were built on the UIP guidelines proposed by the GFCS (WMO
2014). These guidelines include (i) the setting up of a mechanism to receive feed-
back from the user community, (ii) building a continuous dialogue between users
and providers of climate service, (iii) improving the climate literacy of the user com-
munity and (iv) developing evaluation and monitoring tools to measure whether the
implementation delivers the expected results.
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Characteristics of the Implementation Context and Target
Population

The pilot implementation took place in Puno, one of the two pilot regions of the
project. Puno is located in the southern highlands of the Peruvian Andes with an
average altitude around 4000 m a.s.l.

Its climate is characterized by dry conditions in the austral winter from May to
September and wet summers from October to April, with occasionally occurring
frost. ENSO influences both seasonal temperature and precipitation variability. El
Niño (La Niña) is related to warmer (cooler) than usual temperatures. El Niño (La
Niña) summers are also drier (wetter) than usual, although this relation is less robust
(Lavado et al. 2013; Garreaud 2009). Future climate scenarios predict a decrease in
precipitation and a growing risk of drought by the end of the 21st century (Neukom
et al. 2015).

Puno has a population of 1.4Million inhabitants, who account for 5%of the Peru’s
population. Puno is among the four Peruvian regions identified as having a very high
level of food insecurity (INEI 2012). Although contributing only 15% to the region’s
GDP, 43% of the economically-active population works in the agricultural sector,
with a majority of small-scale subsistence farms (INEI and MINAM 2013). Due
to the short duration of the growing season (from October to April), the extensive
nature and the low technological development of agricultural production systems and
climate and soil constraints, agricultural productivity is below the national average.
More than 96% of the population relies on rain-fed agriculture for their livelihoods,
which makes the region especially susceptible to weather and climate events.

The main food crops are potatoes, quinoa and broad beans. Livestock farming
provides an additional source of income. For quinoa, the demand on international
markets has recently risen due to recognition of its nutritional value. For the majority
of small-scale farmers in Puno, however, home-grown quinoa is still an essential
food source. This crop has been grown for more than 7000 years, mainly using tra-
ditional cultivation methods without pesticides or mineral fertilizers. The cultivation
of quinoa, in contrast to many other crops, is well adapted to the harsh climate condi-
tions of the Altiplano. Due to the high importance of quinoa for the local population,
it was chosen as a pilot crop for the project implementation.

Evidence for Action

Vulnerability to Hazards Depends on Farmers’
Socio-economic Status

The household survey with 726 smallholder farmers in the Puno region allowed us
to compare their actual harvest with their historical baseline and, therefore have a
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meaningful measure for production and yield losses among individual producers.
First of all our analysis revealed that frost and drought events are the most frequent
(Exposure) and damaging (Sensitivity) natural hazards which was also reflected by
the farmers’ perception (Fig. 17.3a).

Farmers were clustered into three income groups based on their possessions. Poor
farmers seem to be more sensitive to crop losses due to natural hazards compared to
their better-off counterparts. Unequal distribution of incomewithin a community and
exposure to frost negatively impacted relative harvest levels. The use of weather and
climate information for production and the number of viable protection measures
were positively associated with the actual harvest.

Considering that frost and drought are the two hazard types having the greatest
impact, the majority of the study participants stated that they could make good use
of early warnings to reduce crop losses by taking preventive measures (adaptive
capacity).

Throughout all income classes, the ability of an individual farmer to recover from
crop failure (coping capacity) is limited (Fig. 17.3). The largest share of farmers
(53%) is forced to reduce their food intake due to lack of savings or stored crops
(Fig. 17.3b). In the case of financial shortages, farmers switch to strategies that further
increase pressure on their already constrained livelihoods: selling of livestock, stored
food or other assets (86%) and engagement in casual external work (33%). Formal
social and financial protection mechanisms are very limited: 2% of the farmers have
crop insurance and 5% have access to bank credits (Fig. 17.3c).

Considering that a large number of the targeted actors practice subsistence farm-
ing, using up to two thirds of their production for self-consumption and due to the
low coping capacities observed, crop failures directly translate into food shortages. In
particular, poor households whose dependence on homegrown food is higher, exhibit
significant problems of food insecurity which peaks in January, shortly before the
next harvest starts (Fig. 17.3d).

The Evaluation of Crop Protection Measures for Effectiveness
and Applicability

The survey also revealed that while farmers in the region apply preventive options to
protect crops from extreme climate events, the effectiveness of such options remains
largely unclear. In order to evaluate the viability of these measures, the method of
analysis of real options was applied to evaluate the effectiveness and applicability
of two viable management options that could potentially reduce crop losses due to
extreme climatic events: (i) changing the variety of quinoa to one more resistant
to frost and (ii) cultivation in elevated fields, called Waru Waru (in Quechua) or
Sukakollo (in Aymara). The latter is an ancestral cultivation practice that increases
yields and offers resistance to harsh climate conditions such as frost and dry spells.

Results indicate that switching to amore robust cropvariety, offeringhigher yields,
can significantly improve the farmers’ revenues. However, adopting new quinoa
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Fig. 17.3 The main results
of the vulnerability
assessment. These reveal the
most severe climate hazards
for production (panel a, in %
of smallholders), the
population’s low ability to
cope with shocks and their
precarious livelihoods
(b strategies for crop
failures, c strategies for
financial shortages) reflected
in the form of food insecure
periods. The percentage of
households reducing meals
for each month of the year is
displayed in panel (d, light
shading denotes growing
period, medium shading the
harvest period)
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varieties is also associated with additional costs for new seeds and learning how
to handle the new variety. In the case of the elevated fields, production is not worth
undertaking for individual farmers, or the community, unless there is further evidence
related to the increase in productivity of quinoa or subsidies from governmental or
non-governmental institutions. This finding concurs with the fact that the occurrence
of the technique remains low. Furthermore, it appears that even after implementation,
raised fields have been abandoned in 3 out of 4 cases. Regarding these and other
preventive measures to protect crops fromweather extremes such as frost fires, water
harvesting or specific irrigation systems, more investigation of their potential effects
and benefits is required and results need to be mainstreamed to farmers and farmers’
organizations.

A Frost Warning for Subsistence Quinoa Farming Potentially
Values 2.7 Million USD for the Puno Region

The estimation of the socio-economic benefits (SEBs) of enhanced access to weather
and climate information is essential to better understand the likely returns of pub-
lic investment in climate services, as well as for the purposes of formulating public
policies. However, such evaluations are particularly scarce for interventions in devel-
oping countries and countries with emerging economies. During the first phase of
Climandes a pilot SEB study for the coffee growing sector yielded a very substantial
benefit of an earlywarning system for conditions conducive to coffee rust (Lechthaler
and Vinogradova 2017). In the second phase of Climandes the SEB study was done
with a different approach. The estimate this time is based on a stochastic life-cycle
model that builds on the relevant context information from the household survey
and simulates a quinoa farmer’s production and consumption decisions over a rep-
resentative farming year. Based on the model, a specific frost warning is estimated
to generate an increase of approximately 10% of their actual quinoa harvest. Trans-
lated into a monetary value and extrapolated to the total cultivated area of quinoa,
this leads to a potential increase of 2.7 million USD per year for the Puno region
(Brausmann et al. 2019).

Why Do Farmers not Incorporate Weather and Climate
Information into Their Decision-Making?

The model we applied in the previous section assumes that a farmer correctly inter-
prets and trusts the forecasted warning and knows how to apply the corresponding
preventive measures. This is a strong assumption since the actual use of climate ser-
vices by smallholder farmers in developing countries and countries with emerging
economies remains a major challenge, as has already been shown in the context of
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Sub-Saharan Africa (Carr and Onzere 2017). Even if climate services are available,
they often fail to provide the information in a way that is meaningful to end-users. In
order to properly design the climate services, the current barriers that limit the use of
weather and climate information by the end-users were analyzed. Four aspects were
especially evident and are described in Table 17.2. Firstly, the acceptance of science-
based information is not complete. Secondly, access to information was not ensured
for all farmers. Thirdly, farmers perceive the information currently disseminated as
confusing and hard to understand. And finally, the information currently provided is
insufficiently detailed for the specific location of their community.

Translating Evidence into Practice

Community Outreach: A Promising Strategy for Designing
User-Driven Climate Services

The evidence generated in the first stage of Climandes unveiled the discrepancy
between the weather and climate information currently provided and user require-
ments and expectations. This was manifested through low confidence in the informa-
tion provided by the national meteorological service SENAMHI. It became clear that
incorporating scientific weather and climate information into agricultural decision-
making in remote rural regions like the Altiplano requires the active involvement
of those targeted communities. In order to make available information meaningful
for the end-users, we needed to overcome the four identified key constraints to uti-
lization presented in the previous section, i.e. the lack of acceptance, lack of access,
lack of comprehension, and lack of accuracy. To address this challenge, we under-
took a community-based approach by conducting a series of monthly climate field
workshops in two agricultural communities in Puno during the growing season 2017–
2018. These workshops were organized and carried out by a multidisciplinary team,
among themmeteorologists and agronomists from the regional office in Puno and the
headquarters of SENAMHI in Lima, as well as local non-governmental and govern-
mental stakeholders interested in climate resilience and agriculture. The objectives
of these workshops were to sensitize farmers to the use of weather and climate infor-
mation, overcome key factors limiting their use, monitor and evaluate the impact of
the intervention, as well as establish a continuous feedback cycle between the user
and provider community.

Monitoring and evaluating the outcome of the intervention constituted a central
part of our approach. To this end we developed amonitoring and evaluation approach
that helped to continuously adapt the climate service to the user’s needs and measure
the impact of the intervention. The approach consisted of two elements:

(i) After each workshop, the facilitator responsible provided feedback on the
workshop using a standardized form aimed at documenting the content and
development of a given session;
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(ii) Over the workshop series, we repeatedly tracked specific indicators reflecting
farmers’ acceptance, comprehension, accuracy and trust through a structured
questionnaire. The resulting indicator values were used to quantify the impact
of the climate field workshops. This analysis was carried out with 68 farmers
after the initial, 32 farmers after the midterm and 37 farmers after the final
workshop. Only 4 farmers were interviewed after all of the three workshops.

The results of this procedure are summarized in Fig. 17.4. They indicate that
the workshops fostered a strong increase of trust in the meteorological service
(SENAMHI) and in the weather and climate information they provide (Fig. 17.4).
This was not only reflected by a growing credibility for the institution (panel d,
credibility, an important attribute of information) but also by the perception that the
information provided coincided with reality (panel c, accuracy). Farmers reported
that they considered this information in their decision-making (panel b, adoption)
and that, in doing so, it actually improved their prospects for production. The under-
standing of weather and climate information was still a critical point in the user
community we worked with and did not improve significantly over the period of
intervention (panel a, comprehension).

The fact that the adoption of climate increased from below 50% to around 80%
but the comprehension stayed basically the same is not very intuitive and deserves
some discussion. Why would the users progressively base their decisions on fore-
casts they did not have a better understanding of? On the other hand, the uptake of
the services can occur while understanding still remains poor. For example if the
awareness of the existence of services is low, utilization can simply be increased
through better information on existing offers, independently of how well they are
understood. Alternatively, many farmers may have understood the information, but
did not know where it came from. Also, the credibility of the services improved
after the first workshop almost to the maximum value possible. This could have been
the case because the explanation given by the technicians was very convincing, or
because the users were impressed by the novelty of the kind of services. It is fair
to say, especially given the users’ noticeable reservations about modern climate and
weather information and their prior lack of experience in interpreting this informa-
tion, it will probably require longer interventions to enhance the overall acceptance
of new information. That credibility it is built by using the products consistently over
an extended period of time. So that the benefit becomes tangible, but the results of
the monitoring point in the right direction.

Beyond Climate Service Implementation

Through the results of our study and the experience gained during the project imple-
mentation, we have learnt that—besides the fundamental necessity of weather and
climate information—there are critical factors which are beyond the scope of the
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Fig. 17.4 After the initial,
midterm and final workshop
held in the two communities,
we asked farmers to fill out a
survey. The results
demonstrate some of the
benefits of our pilot UIP.
While comprehension only
slightly increased (a),
farmers report that they more
often integrate forecasts in
their decision-making (b),
perceive forecasts to be more
accurate (c) and have more
confidence in SENAMHI
(d). Bars on the left of the
plots denote results from
initial workshop (sample size
n = 68), bars in the middle
from midterm workshop (n
= 32), and bars on the right
from final workshop (n= 37)
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project mandate to enhance the resilience of the most vulnerable populations. Nev-
ertheless, we would like to discuss complementary issues to climate services that
became evident. A key finding of this project is the target population’s low capacity
to overcome shocks such as high-impact weather and climate events. The evidence
brought forth by the project made clear that access to formal financial services, crop
markets, social protection and governmental aid have to be strengthened in order to
mitigate the negative long-term consequences arising from these events. As a matter
of fact, these results highlight the very low access to formal insurance against crop
losses with only 2% of the households being insured. Risk transfer would prevent
farmers fromselling their livestock andother assets, abandoning their farmland tofind
alternative work elsewhere and borrowing money or reducing nutrition. Therefore,
micro-insurance services based on weather indices have gained increasing attention
in recent years in the framework of development cooperation.

An additional prominent vulnerability factor was found to be the low incomes
compared to other sectors and hence the lack of savings necessary to recover from
the effects of a high-impact event. Smallholders could benefit from better access to
market systems to receive better market prices. Although the majority of production
in the project region Puno is extensive, only a very small share of the smallholder
farmers certify their production as organic, even though prices are significantly higher
for certified crops (+33%). The main reason for not certifying the products is lack of
knowledge (84%) and—to a lesser degree—the high administrative burden (13%).
Farmer cooperatives like Agrobosque in the Peruvian region Madre de Dios, for
example, help their members sell their quality products for better market prices, by
providing direct market access and organic certification.

Summary and Conclusion

Climandes was performed from 2012 to 2019 in two phases as a twinning project
between SENAMHI Peru and MeteoSwiss to implement user-tailored pilot climate
services for the agricultural sector, more specifically for the smallholder farmers of
the Peruvian Andean highlands. The main findings can be summarized as follows:

• Climandes provides a proof-of-concept for the relevance of the UIP concept as a
basis for user tailored climate service implementation. We implemented a GFCS
pilot UIP using a two-stage approach that is built around evidence-guided action.
This approach turned out to be a key factor for the success of the Climandes
project, which is mainly due to the involvement of the user community at a very
early stage. This community not only includes small-scale farmers as end-users,
but also involves intermediary users such as private and public partner institutions
that transformed the climate data and information into agro-climatic advice. As
exemplified by this user-supplier interaction, the project confirmed the importance
of incorporating sectoral, and hence transdisciplinary expertise in order to provide
meaningful end-to-end climate services.
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• Although Climandes focused specifically on smallholder farming in the Andean
highlands, the proposed two-stage approach to set-up a UIP involves a number of
generic elements that can be transposed and applied to other sectors with quite
different user profiles, while continuing to ensure a user-driven process. We there-
fore provide a summary of these key elements of the process in form of a checklist
for the proposed two-stage approach for designing user-driven climate services
(Table 17.3). These comprise the participation of the user communities, the tailor-
ing of the climate information and communication, on the supply side the provider
capacities, and finally, for the sustainability of the results most importantly, a dia-
logue at the policy making level. Overall, the checklist highlights the importance
as well as the necessity of a substantial user-supplier engagement, in whatever
form effective.

• Community outreach requires decentralized resources, i.e. the regional office of
Peru’s meteorological service proved to be the mainstay for effective provision of
climate services. Not only were the personnel responsible for the production and
distribution of the weather and climate information but, more importantly, it had
the hands-on knowledge of the hazards to which local communities are exposed,
as well as the ability to reach out and engage with the local population. Thus, our
experience made it clear that the implementation of a UIP based on community
outreach is resource-intensive and requires enhanced capacities of technical staff
in meteorological offices in peripheral regions. Particular attention must therefore
be paid to the decentralization of meteorological services in the implementation
countries.

• We deem that the twinning approach chosen for the Climandes project imple-
mentation was a recipe for success. The main focus and effort of the intervention
has been in the development of capacities in the climate and user communities.
All activities were developed in a partnering collaboration between the regional
and national offices of SENAMHI Peru and MeteoSwiss, and can be seen as an
effective peer-to-peer, on-the-job training and also as a means of building personal
professional networks. Capacity development was complemented with a series of
both online and classroom courses covering all themes of the project and providing
training on specific climate-service related topics. The courses were attended by
international participants, also fostering the exchange between professionals of
the weather services of the region, for example through monthly online briefings
on seasonal forecasts. The course material remained available upon registration
on the platform for online courses from the Peruvian meteorological service.

Although this chapter mainly focused on the user’s perspective of climate ser-
vices specifically the UIP, Climandes made great efforts and progress in the other
technical and provider-oriented components of the GFCS framework. We put partic-
ular emphasis on the quality of observational data because spatially and temporally
complete, high resolution climate data are required for climate services to be reliable
(Gubler et al. 2017; Hunziker et al. 2017). We also developed daily gridded datasets
of precipitation and temperature, as these are necessary for analyzing the past cli-
mate in more spatial detail and for increasing the spatial resolution of the statistical
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forecasts, which are carried out operationally at SENAMHI.We investigated the skill
of SENAMHI’s seasonal forecasts using statistical and dynamical forecast models.
Besides temperature and precipitation, parameters tailored to the phenological cycle
were analyzed (e.g. frost days or dry days during the growing season), yielding sig-
nificant skills for some temperature-based parameters and only marginal skills for

Table 17.3 Checklist for the design of user-driven climate services based on expertise gained in
the Climandes project

Stage I: Setting the scene by providing
evidence

Stage II: Establishing a user-driven climate
service prototype

User community participation

• Identify and evaluate key stakeholders and
users relevant for climate services
(stakeholder mapping)

• Assess socio-economic vulnerability of the
target population including the
characterization of key hazards (exposure
and sensitivity) as well as socio-economic
characteristics (adaptive and coping
capacities)

• Identify vulnerability factors such as
gender, socio-economic status, income
inequalities, etc.

• Establish a continuous interaction
mechanism e.g. through workshops targeted
to directly address the identified constraints
to the use of weather and climate
information

• Improve the climate literacy of the target
users

Tailored information and communication

• Identify key constraints to utilization of
weather and climate information

• Assess cultural aspects regarding climate
service utilization (e.g. indigenous
knowledge, traditional farming practice)

• Understand how target population can be
reached (e.g. radio stations, mobile phone
distribution)

• Develop a distribution strategy
• Establish information tailored to the users
and delivered through identified distribution
systems

• Establish a feedback mechanism to verify
that forecasts and warnings are received and
understood with the aim to continuously
improve the service

Provider capacities

• Identify scientific, technical and operational
gaps regarding climate service provision
(e.g. low station density, lack of technical
capacities, insufficient data and product
quality, missing human resources at
peripheral level)

• Rectify the scientific, technical and
operational gaps on the provider side to
improve data and product quality

• Increase awareness in the climate
community to guarantee an appropriate user
commitment to the consideration of user
needs for climate data and products

Policy dialogue

• Evaluate potential socio-economic benefits
of planned climate service to facilitate
policy engagement

• Implement a monitoring and evaluation
process to measure the impact of the
intervention

• Hold a policy dialogue with local, regional
and national policy-makers to help them
understand the return on their current and
future investments in climate services

(continued)



348 A. Rossa et al.

Table 17.3 (continued)

Stage I: Setting the scene by providing
evidence

Stage II: Establishing a user-driven climate
service prototype

Striving for sustainability

• Bring all developed services to operation
• Upscale the prototype service to a wider
user community

• Share lessons learnt and key experiences
with other organizations and practitioners

We provide this checklist for the proposed two-stage approach for designing user-driven climate
services. These stages encompass an accurate assessment of the implementation context (setting the
scene by providing evidence); base the implementation processes on this assessment (establishing
a user-driven climate service prototype) and ultimately, an operationalizing and scaling-up of the
implementation to a wider region (striving for sustainability)

precipitation and parameters based on the latter. Given the substantial uncertainty at
the seasonal range level, these forecasts do not seem to be of direct use for individual
farmers. Rather, we see a potential value at a more institutional level, where seasonal
forecasts can raise the awareness for releasing humanitarian funding, trigger risk-
reducing actions, enhance preparedness and response and thus make disaster risk
management overall more effective.

In summary, the Climandes project demonstrated that improved access to weather
and climate information for the most vulnerable people significantly enhances their
disaster preparedness and therefore contributes to protecting their livelihoods. The
estimated potential socio-economic benefits of enhanced use of climate and weather
information are likely to exceed the costs of developing and maintaining the pro-
vision of that information. However, the project testified to the great challenges in
climate service implementation in developing countries and countries with emerging
economies.

Through the user-participatory approach, we managed to overcome identified
key constraints in the utilization of weather and climate information. In fact, our
experience suggests that the co-developed climate service implemented enhanced
the user communities’ trust in scientific information and improved their adoption in
agricultural decision-making in order to tap the potential socio-economic benefits
that climate services provide.

In the face of the global climate change challenge, Climandes caters to the great
need for climate service interventions in developing countries and countries with
emerging economies. As such, it is well in line with, and can be seen as a significant
contribution to the GFCS. Climate services are public assets, for which unrestricted
and unlimited access should be guaranteed for the entire population. In other words,
we should strive to make climate services more inclusive, by paying particular atten-
tion to the needs and constraints of the most vulnerable and marginalized population
groups, which encompass the poor, the low-educated and women, as underlined by
the evidence gained in this project.
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Our study had some limitations. Most importantly, only a subset of the workshops
participants were included in the data collection. Producing a more in-depth impact
evaluation of improved access to weather and climate services would require an
experimental design including a larger sample and a control group. Furthermore, field
experiments could potentially quantify the impact of weather and climate services
and corresponding management decisions on the yields and socio-economic status.
However, such a study design could not be carried out within budget and time horizon
of this project.
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Glossary

Climate services Aclimate service is a decision aide for governments, organizations
and individuals and seamlessly derived from information about the past, current
and future climate. Design and implementation of a specific climate service
requires in-depth and iterative engagement with the users in order to tailor it to
their key characteristics and needs. Effective climate services support climate-
smart decisions and in this way lead to increased social and economic resilience
to climate variability and change (WMO 2013).

User Interface Platform The User Interface Platform is one of the five main pil-
lars of GFCS necessary for a functioning climate service system. It is the mean
of interaction for users, researchers and climate service providers to bridge the
gap between the science and user community and to guarantee the climate ser-
vices meet users’ needs. The design of a UIP can vary sector-specifically, but
importantly, its design is based on evidence of the users’ needs.

Resilience Resilience describes the capability of a system or part of a system to
absorb or recover from the effects of a hazardous event and return to its former
functionality. This can happen through preservation.

Hazard A hazard describes the potential occurrence of a natural or human-induced
physical event that may cause loss of life, injury, or other health impacts, as well
as damage and loss to property, infrastructure, livelihoods, service provision, and
environmental resources.Climate-inducedhazards are hazards fromatmospheric
phenomena, that have the potential to affect humans, their structures or activities
adversely. This includes all kind of events that deviate strongly from the mean
climate, such as cold waves, dry periods or heavy precipitation events. More
specifically, agro-climatic hazards are climate hazards with adverse effects for
the agricultural system.
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Exposure Exposure describes the exposition of people, livelihoods, resources and
infrastructure to environmental hazards. The exposure matters, as an environ-
mental hazard only becomes a risk if people or infrastructures are exposed and
vulnerable to this hazard.

Sensitivity Sensitivity describes the degree to which a system (a community or an
ecosystem) reacts and responds to a climate change or event. This includes both
beneficial and problematic responses, resulting for example in food insecurity
due to unfavorable climate conditions and yield loss.

Adaptive capacity Adaptive capacity describes the ability of an individual, com-
munity or society to prepare for a coming hazard and take actions to alleviate
its adverse impacts. The adaptive capacity to mitigate damage depends upon
the available resources (e.g. financial), decision options as well as available
information.

Coping capacity The coping capacity is the ability of people, organizations, and
systems, using available skills, resources, and opportunities, to address, manage
and overcome adverse conditions; in the case of climate an extreme event such
as a drought, a frost or an extreme precipitation.

Vulnerability This refers to the predisposition of a community, system or asset to
be susceptible to the damaging effects of a hazard through a set of characteristics
and circumstances. This can include for example a low adaptive capacity relative
to a hazard or a high sensitivity towards it.

Risk transfer Risk transfer describes the process of shifting the financial conse-
quences of a risk from the asset at risk to another, in many cases, less vul-
nerable party. A risk transfer can occur formally through insurance or through
governmental aid.
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Chapter 18
Meteorological Services for Forecast
Based Early Actions in Indonesia

Perdinan, Enggar Yustisi Arini, Ryco Farysca Adi, Raja Siregar,
Yolanda Clatworthy, Nurhayati and Ni Wayan Srimani Puspa Dewi

Abstract The increasing frequency of climate related hazards leading to disasters
stipulates the government of Indonesia to pay serious attention tomitigate the adverse
impacts of the disasters. An initiative is the utilization of climate and/or weather fore-
casts to support the installment of impact-based forecasts and risk-based warnings.
This study investigated the feasibility of supporting Forecast Based Early Actions
(FbA) implementation in Indonesia based on document reviews, identification of
supporting tools, and stakeholders’ consultations with the key informants. Under-
standing the available resources for supporting early actions, the study recommends
focusing on two major climate related hazards, i.e., floods and drought, as the two
most impacted hazards on human lives and assets with refer to the available datasets
from 1972 to 2018. The implementation of FbA for the two hazards also sounds
promising with regards to available and accessible forecasted rainfall occurrences
and amount (e.g., one day, 3-day and10-dayprediction, and seasonal forecasts) across
the country provided by Meteorological, Climatological, and Geophysical Agency
named in bahasa Badan Meteorologi, Klimatologi, dan Geofisika (BMKG). Never-
theless, the forecast accuracies should still be improved and automatically connected
with hazard-based models (e.g., flood or drought) nationally. This demand urges
that further efforts are needed to endorse the implementation of FbA in Indonesia.
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Introduction

The Government of Indonesia (GoI) paid a serious concern on addressing climate
related hazards considering such climate extremes can pose severe challenges on a
wide range of economic sectors. Global climate change, which has been acknowl-
edged impacting regional climate and weather extremes in the country such as erratic
rainfall and/or pro-long dry season as recapitulated in the recent country report (Per-
dinan et al. 2017), may potentially cause the changing occurrences of climate related
hazards such as floods and drought. The linkage of the potential impacts of climate
change on increasing the frequency of climate related hazards adds more concerns
as the hazards have been seen as a serious threat that can inhibit the achievements of
development plan of the country. For example, it was reported that the frequency of
floods and drought was increasing in Indonesia. The recapitulation of hazard occur-
rences nationally for the period of 1815–2015 shows that about 73% of the hazard
events, equal to about 1884 events, are hydro-meteorological or climate-related haz-
ards, which urges a serious attention concerning the impacted damages as reported by
National Disaster Management Authority in bahasa Badan Nasional Penanggulan-
gan Bencana (BNPB) (Source: dibi.bnpb.go.id). Floods and drought at a particular
region/location in Indonesia are regularly associated theENSO (ElNino andLaNina)
events. During El Nino many regions in Indonesia experience low rainfall, whereas,
the opposite condition will occur during La Nina. As global warming is expected
to increase the frequency of ENSO events (Timmermann et al. 1999), rainfall vari-
ability in Indonesia is also expected to change. Shorter rainy season and longer dry
season may happen in many Indonesian regions, which may increase the frequency
of floods and drought.

Understanding, the potential impacts of climate variability and change partic-
ularly on climate related hazards, the GoI already suggested the needs to address
such challenges through actions on climate change adaptation, National Action Plan
on Climate Change Adaptation—Rencana Aksi Nasional Adaptasi Perubahan Iklim
(RANAPI) (BAPPENAS 2014). The GoI also already submitted the Initial National
Communication (INC) document to UNFCCC in 1999, the Second National Com-
munication (SNC) in 2010, and recently the Third National Communication in 2016.
Recently, the GoI has submitted the first National Determined Contribution (NDC)
as a commitment to address climate change issue in the late of 2016. Specifically for
the climate related hazards, under the coordination of Ministry of Environment and
Forestry-Kementerian Lingkungan Hidup dan Kehutanan (KLHK) and BNPB, the
government already initiates the convergence of climate change adaptation (CCA)
and disaster risk reduction (DRR). This initiative is purposed to support design-
ing potential strategies for enhancing adaptive capacity/community resilience and
environmental management in order to minimize the climate change risks. The other
purpose of the initiative is to provide national and sub-national institutions and/or the
related stakeholders to devise the CCA-DRR strategies using proper data and infor-
mation so that the implementation and the results can be monitored and evaluated
effectively and efficiently.
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As part of the CCA-DRR initiative, the proposed idea on Forecast Based Actions
(FbA) is strongly relevant to promote early actions on reducing the potential adverse
impacts of climate related hazards such as drought and floods on many economic
sectors. The FbAwill provide protocols for the government and communities to allo-
cate resources to an anticipated climate related hazards with regards to the weather
forecasts. The forecasts hint a lead-time opportunity to allow for doing early actions
so that the adverse impacts can be minimized. Concerning the potential losses and
damages due to disasters are huge as reported by BNPB (2017), the implementation
of FbA can be seen as an innovative approach in humanitarian activities. The FbA
is designed for using scientific data/techniques to indicate elevated risks and then
release humanitarian funding for actions before the occurrence of potential disas-
ters. In Indonesia, Palang Merah Indonesia (PMI) has identified FbA as a priority
for Disaster Risk Reduction programs, focusing on enhancing resilience to floods
and drought. The FbA is not focused on hazards but more on the impacts of the
hazards, which will cause disasters, to devise proper actions. With refer to Law
No. 24/2007, natural disasters include earthquakes, volcanic eruptions, hurricanes,
landslides, droughts, forest or land fires due to natural factors, pest and disease
infestations, epidemics, extraordinary events, and space/celestial bodies. Of these
groups, the FbA focuses on climate related hazards such as floods, droughts, land-
slides, and cyclones, which are strongly affected by weather extremes that can be
forecasted using scientific approaches. Whereas, currently the FbA does not include
the geological related disasters such earthquake and volcanic eruptions as the fore-
cast capacity is much lower than that for the weather events. Additionally, The FbA
focuses on high impact disaster events, not those recurring climate related hazards
on short-time period.

Understanding the requirement on forecast capability for the FbA protocols, this
scoping study on meteorological services was conducted to evaluate the potential
implementation of FbA in Indonesia with refer to the capabilities of the weather
and/or climate services. This study provides with a greater conceptual clarity about
early warning and early action in Indonesia by identifying existing forecast com-
petencies and capacities, and its utilization. This study report includes five sec-
tions, namely: (1) Overview of Indonesia Climate Related Hazards; (2) Require-
ment of Forecast Based Early Actions (FbA); (3) The Support of Meteorological
Services for FbA Implementation; (4) Institutional Support; (5) Conclusions and
Recommendations.

Overview of Indonesia Climate Related Hazards

Historically, climate-related hazards, i.e., drought, floods, strong winds and land-
slides, are the most frequent disasters in Indonesia compared to other natural dis-
asters. Of the climate-related hazards, floods and strong winds shows the highest
recurring-frequency over the past 10 years (Fig. 18.1). The two climate related haz-
ards have a tendency to increase every year, reaching up to 421 flood events and
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Fig. 18.1 Number of disaster events in Indonesia 1998–2017. Source BNPB (2017)

179 strong wind events throughout the country in 2017. The numbers of flood events
in 2017 exhibits the highest flood events in the last 10 years; whereas, the highest
incidences of strong winds at about 223 occurrences are reported in 2006 (Fig. 18.1).

The total numbers of the hazards can not describe the impacts as a hazard event
may not automatically lead to cause a disaster. To further elaborate on the impacts, we
analyzed the reported numbers of victims caused by hazard events over the country.
Figure 18.2 illustrates the list of provinces in Indonesia that experience the highest
impacts of multi-hazard events for the period of 1998–2017 reported in the 90%
percentile of total victims. The calculated impacts are the fatalities caused by the
disasters, which is in line with the purpose of FbA for humanitarian. The analysis
shows that the impacts of drought are the least as compared to the other three climate
related hazards, i.e., floods, landslides, and strong winds (Fig. 18.2).

Requirement of Forecast Based Early Actions (FbA)

Forecast-based Financing (FbF) or hereafter called Forecast based Actions (FbA)
is a mechanism for releasing humanitarian funding triggered by a pre-established
forecast threshold of climate related hazards (Climate Centre 2017). In Indonesia,
the disaster risk management (DRM) is divided into broadly three activities, i.e. pre-
disaster (preparedness), at disaster (emergency response), and post-disaster (reha-
bilitation and recovery) as directed by BNPB. With refer to the DRM framework,
the FbA (GRC 2018) are activities within the scope of preparedness completed with
information on lead-time of weather forecasts leading to climate related hazards that
may cause disasters. The forecasts are directed to trigger the implementation of early
actions prepared for anticipating the potential impacts of the predicted disaster events
(Fig. 18.3).
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Fig. 18.3 Visualization of the framework of forecast based actions (FbA)
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We adopted the FbF into FbA as the FbF builds on Early Warning Early Action
(EWEA) efforts on standardizing and systematizing Early Action protocols and
securing funding well in advance of a disaster event (Coughlan de Perez et al. 2015).
However, recent dialogue has begun to acknowledge that the term ‘financing’ places
undue emphasis on the funding aspects of the mechanism without being inclusive of
other standardization and early action elements that are vital to FbF.Key actorswithin
the movement have instead begun to re-define FbF as Forecast-based Early Action
(FbA), a term which moves beyond the focus on financing to encompass the full
spectrum of early actions and interventions that are possible. FbA mechanisms build
on earlier EWEA efforts “by placing considerable emphasis on decision-making
protocols, so actors know what to do on the basis of a forecast; on ex-ante financing
of early action; and by using cost–benefit analysis more rigorously to help promote
ex-ante investment in disaster risk reduction (DRR)” (Wilkinson et al. 2018). As
such, FbA reflects a commitment to resourcing and planning early action based on
weather forecasts and historical data in various forms: finance, resources, Non-Food
Items (NFIs), evacuation, expertise and/or personnel.

In choosing to use the term FbA, we build off of the shifts in language that
emerged in the January 2018 report entitled “Forecasting hazards, averting disasters:
Implementing forecast-based early actions at scale” (Wilkinson et al. 2018). This
decision also reflects language adopted by IFRC Disaster Relief Emergency Fund
(DREF), which in May of 2018 established an FbA mechanism that for the first time
opens a funding stream that is accessed using forecasts of a disaster (Matthew and
Freebairn 2018). In our study, FbA shall refer to the overall mechanism, with FbF
being used to designate the financing component of FbA. FbF will also be used to
refer to FbA projects which have already been implemented using the language of
FbF.

TheFbA is innovative in the context of placing the protocols, funding, and commit-
ment to early actions that permits practitioners and communities to take action based
on the forecasts of a disaster, rather than responding in the aftermath of the disaster.
This preemptive approach is part of a larger shift towards anticipatory approaches
within humanitarian assistance (ECOSOC 2018; FAO 2017) These approaches pro-
tect lives and assets, enable communities to take actions needed to mitigate risk,
involve lighter resource use, and reduce suffering.

A successful Forecast-based Early Action implementation will depend on several
aspects, ranging from availability of risk information to engagement of potential
stakeholders. Learning from ongoing pilot experiences, this guide sets out a set of
new considerations that can be used to select intervention areas that are most “ripe”
for the introduction of Forecast-based Early Action, encouraging the establishment
of interventions that further consolidate knowledge and practice in this area. Based
on the results of discussing each of the associated questions on FbA, practitioners
can focus their priorities in the design of a specific Forecast-based Early Action
intervention, focusing on the areas that need greatest support.

The criteria presented here will facilitate the feasibility analysis of Forecast-based
Early Action possible interventions. For each of the presented criteria, stakeholders
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should arrive to a consensus that will be described in three levels “High FbA fea-
sibility”, “Medium FbA feasibility”, “Low FbA feasibility”. High FbA feasibility:
there is sufficient progress in this area. If a project is implemented, there is a high
chance of effective results and it will be possible to build robust evidence about
Forecast-based Early Action impacts. Medium FbA feasibility: some work exists
in this area. Although not all the conditions are ideal for the implementation of
Forecast-based Early Action, it would be possible to implement as long as key weak
points are managed strategically. For example, the lack of contingency plans at orga-
nization/government level could pose some challenges for the implementation. This
could be overcome if information or progress in this area is improved alongside
the intervention. Low FbA feasibility: No work exists in this area. The total lack of
information and/or capacities is major challenge for a Forecast-based Early Action
intervention. The low feasibility indicates that it could bemore difficult to implement
any intervention in the respective context that is being studied but also indicates that
the implementing organization should design a strategy that manage the risks posed
by the lack or weak performance of the specific criteria that has been analyzed.

The vision for FbA in Indonesia is to shift the current disaster risk management
(DRM) mindset of response to a disaster, to one that is ‘response to a forecast’—a
shift that leverages current capacities and strengths and applies them to anticipatory
approaches. For this purpose,we evaluated the support ofmeteorological services as a
fundamental element required for the FbA implementation (Fig. 18.4). The capacities
of meteorological and/or climate services will dictate the successful of implementing
the FbA as guided in document of “Criteria for identification and design of Forecast-
based Financing interventions” (Climate Centre 2017). The document explains that
the feasibility assessment of FbA required assessments on three subjects, namely:
Forecast Capabilities, Government Level, and Organizational Level. We envisaged
an approach on evaluating the Forecast Capabilities based on literature review and
secondary data analysis using available data and information released by BMKG.
In addition, key informant interviews, specifically to the BMKG officers who were
managed weather and/or climate services, were placed to explore further information
on the capabilities of weather and/or climate forecasts.

The Support of Meteorological Services for FbA
Implementation

Analysis for this scoping study was comprised of both primary and secondary
research methods. As explain in the last section, we sought out opportunities to
gather first-hand information through interviews and focus group discussions. These
included awide range of actors: from technical to institutional to organizational; from
public, private, and research spheres; and from community-level up to national level.
The research team also engaged with practitioners who have already implemented
FbA in other countries, actors from across Indonesia who would be potential FbA
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Fig. 18.4 Review methods on evaluating meteorological services in Indonesia

implementers, and community members who are involved in disaster management
or who have themselves been impacted by disaster. In total, the team interviewed
more than 65 actors to help inform this feasibility analysis.

The review starts from analyzing available data on impacts of disasters nation-
ally to devise strategy to propose priority areas based on Indonesian Disaster Data
and information released by National Agency on Disaster Management (Badan
Nasional Penanggulangan Bencana—BNPB). The capacity of meteorological ser-
vices in Indonesia was evaluated by exploring available weather and climate data
through the accessible platform (i.e., web-based tools) of the authoritive agency on
meteorological services (BadanMeteorology,Klimatologi, andGeofisika—BMKG).
In addition, we also conducted in-person interview with BMKG stakeholders to clar-
ify theweather and/or climate services against four aspects: availability, accessibility,
quality, and data-update. The next step is evaluation of capacity on the hazard assess-
ment by reviewing available tools for hazard assessments which have been released
by the Government, private sector or university, and community. The next step is to
review the inclusion of weather/climate forecasts into hazard assessments which can
cause disasters (i.e., Impact Forecast Disaster). The objectives of the entire analysis
are to review the capability of the country (i.e., Performance Evaluation) specifi-
cally on available meteorological/climate services and supporting tools to support
the implementation of FbA in Indonesia.

The review processes found general and specific findings with regards to the
characteristics of the occurred climate related hazards and the capabilities of
meteorological services in Indonesia. The general and specific findings are listed
below.
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General Findings

1. Java Island is the island which have the highest disaster event (flood, drought,
landslide, and strong wind) intensity, however the island have the lower impacts
(considering the analysis of disaster events, disaster years, and impacts of DIBI
database), as these areas have high capacity and resilience.

2. The reliability/skill of the rainfall forecast occurrences that provided by BMKG
in Indonesia are about 75–77% (Table 18.1).

3. Meteorological services in Indonesia provide the lead time of weather forecasts,
however the government institution does not provide the exact lead time for
different disasters (i.e. flood, drought, landslide, strong wind, and cyclone).

4. BMKG releases the weather/climate information (website or mobile application)
so that users can access the information directly. With regards to disaster mit-
igation, BNPB/BPBD applies the forecasts of BMKG to devise the mitigation
action. However, users may be charged to some fees or requires an MoU when
requesting for specific data which are not available on the websites, e.g., BNPB
collaborates with BMKG to initiate the link of the forecasts with INARISK (a
web-based tool of disaster risk information system).

Specific Findings

Floods

1. There are 1335 flood events with 51 events/years for period 1972–2018.
2. The return period of flood events is about 1–3 years, and the return period for

flood disasters with big impacts of around 4–8 years, which is coherence with
ENSO events.

3. Floods impacted majority provinces in Indonesia.
4. The province with highest flood frequency is Central Java, but the biggest

impact is South Kalimantan (529,478 people die and evacuate).
5. BMKG provides weather forecasts and/or climate prediction on the website and

mobile application (BMKG Info that can be downloaded through app store).
BMKG has 1-day and 3-day weather forecasts and 10-day rainfall prediction
that can be applied to predict flood events.

6. Government of Indonesia through BBWS of MoPW initiates program/tools for
disaster risk reduction for flood by developing floods monitoring system (i.e.
BBWS Citarum and Bengawan Solo); however, the coverage area is only for
Citarum and Bengawan Solo)

Drought

1. There are 403 drought events with 32 events/year for the period of 1972–2018.
2. The area with the highest frequency of drought and the biggest impacted area is

West Java (172,925 people die and evacuate).
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3. BMKG releases the probabilistic 3-month seasonal rainfall and temperature
forecasts that can be applied to predict the drought event.

Landslides, Strong Wind (typhoons), and Cyclone

1. There are 1890 landslide events with 86 events/year; 1688 strong wind events
with 84 events/year; and 33 cyclone events with 7 events/year for the period of
1972–2018.

2. Landslide forecast, which require soil and topographic information not only
weather information, is still limited as of now.

3. Landslide, strong wind, and cyclone are the other disasters in Indonesia which
have the big impacts for people and infrastructure. The highest frequent area for
landslide disaster is in Central Java, with the biggest impacted area is in West
Java province (4353 people die and evacuate). In addition, the highest strong
wind frequent is in Central Java, however the most impacted area is in East
NusaTenggara (10,085 people die and evacuate). For cyclone, themost frequent
area is inMaluku Island, and the most impacted area is in Coastal Java Island
(41 people die and loss).

4. Cyclone is one of the most disastrous hazards with low probability, but high
impact. However, historical cyclone event In Indonesia has not been recorded
yet.

Exploringmore the findings, we evaluated the capacities of meteorological capac-
ities to support the implementation of FbA in Indonesia using the guided scientific
criteria (Table 18.1). The evaluation reveals that many advances have been made in
the country, as many services are already available with regards to the scientific crite-
ria for measuring the capacities of meteorological services. The government through
BMKG already provided rainfall forecasts and prediction for different future periods
covering the countrywide regions with the skills of forecasting the occurrences of
about 75–77%. Unfortunately, no evaluation to the forecasting skills has been made
for forecasting the amount of rainfall and the magnitude of temperature.

Furthermore, the performance evaluation was made to determine the potential
use of the meteorological and/or climate services in Indonesia (Table 18.1) for pre-
dicting the occurrences and/or magnitude of a specific climate related hazard. We
carefully mapped the existing services that can be used for a specific hazard (i.e.,
flood, drought, landslide, and cyclone/strongwind) as the advances, and the required
further developments or needs as the challenges for supporting the implementation
of the FbA in Indonesia (Table 18.2).

The capacity of meteorological services in Indonesia was also evaluated with
regards to lead time, available forecasting services and publicly accessed of hazard
models or tools. We firstly conducted literature review on lead time of forecasts for
relevant climate variables with respect to specific climate related hazards (i.e., flood,
drought, landslide, and cyclone/strong wind) in other countries. We used them as
a reference for exploring available services in Indonesia, and found that majority
services are readily available in Indonesia (Table 18.3). Additionally, hazard assess-
ment tools are also available for estimating the potential occurence or prone areas to a
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Table 18.2 Performance evaluation of each hazard

No. Hazards Advances Challenges

1 Flood,
Drought,
Landslide

The reliability data of 1–3 days
rainfall forecast is more than 75%
(for flood)

To access the data from BMKG need
the MoU or no free access data

The reliability data of 3-month
seasonal rainfall forecast is more
than 75% (for drought)

Information in the form of images,
not interactive, users cannot get raw
data, predictions of rainfall events
not rainfall intensity. Validated based
on range of rainfall magnitude

1–3 days forecast (wind and air
pressure); 10-days/weekly forecast
(wind and air pressure) have
reliability data more than 75% (for
landslide)

DIBI data is more recording periods
since the 1990s, there is no
information on the magnitude level
of disasters

The prediction services is increased
time by time

There is no data specific watershed
from BMKG

BNPB utilizes the weather/climate
prediction data from BMKG as an
input that overlay with flood
disaster map

There are many hazard assessment
tools, but need integration with
BMKG data to develop the disaster
forecast (event and magnitude). Until
now, just InaRisk tools is integrated
with BMKG data

The Flood Potential Forecast data
(map) in BMKG website covering
to district level (flood)

FEWEAS model for flood and
drought event is still low accuracy,
poor validation methods, still not
employed by government

Data stored since 1972 until now,
covers all districts and cities in
Indonesia, noting the impacts and
losses caused by each disaster. All
types of disasters that occur in
Indonesia are stored in DIBI

Most the hazard assessment tools in
Indonesia not provide the forecast
disaster event/magnitude, therefore
need to develop the tool to increase
the tools reliability

Update and monitoring real time,
High temporal and spatial
resolution (BBWS Citarum
Monitoring System) (Flood and
Drought)

Until now, BMKG release the
forecast base on weather/climate
threshold, therefore society difficult
to understand the BMKG
information/data, so need to develop
the forecast based on hazard impact
(BMKG in preparing this services)

InaRisk, InaSafe, InaWare, and
InaRIsk Personal involving the
socio-economic data

There is big bias for reliability data
(accuracy data) in drought season
(up to 100%), because no rain, and
the different assessment with flood
assessment accuracy

(continued)
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Table 18.2 (continued)

No. Hazards Advances Challenges

BMKG application is Easy to used,
Predictions for the next two days,
Early warnings can be obtained by
activating hazard notifications

For ENSO event, BMKG provides
the information about ENSO, but not
updated properly (flood and
drought)

BMKG web have a lot of
information has been provided and
processed, including the use of high
resolution ECMWF data

Until now, BMKG only uses one
model for future climate change
(MIROC 5), but in practice must use
other model to know the best climate
projection model (to prevent the
extreme event (ENSO), related with
flood and drought

2 Cyclone BMKG has TCWC Jakarta to
monitoring the cyclone in
Indonesia. This monitoring is
continuously performed everyday
for 24 h by using various kind of
technology, from satellite, radar,
and manned or unmanned
observation stations. It purposes to
monitor the development of
cyclone, its movement and intensity

A little hazard assessment tools for
cyclone event (just BMKG and
accuweather)

Tropical Cyclone Warning Centre
is also responsible to provide
tropical cyclone related warning
and information and disseminate
them to the threatened area

TCWC Jakarta just provides
information about cyclone event
probability, not inform the
magnitude of cyclone

specific hazard as listed in the column of HazardModel/Tools. Despite the advances,
the linkage of the weather or climate forecasts with the hazard model/tools for pre-
dicting the occurrences and/or magnitude of a specific hazard covering the entire
country has not been employed well. The existing tools are more towards explaining
or monitoring historical hazard events in the country, such as INARISK a web-based
tools of hazard information published by BNPB. The other tools listed in Table 18.3
are also initiated to monitor or inform the hazard events.

Understanding the existing meteorological services in Indonesia as presented in
Tables 18.1, 18.2 and 18.3, we determine the feasibility of the services to support the
implementation of FbA against the guided scientific criteria. The capacity assess-
ment justifies that the feasibility of weather and/or climate services are high with
regards to meteorological services for shorter time periods; whereas, the long-term
records required for supporting the FbA implementation in Indonesia are still posed
challenges (Table 18.4). Further details of the advances and challenges in Capacity
of Meteorological/Climate Services are provided below.
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Table 18.4 Results of forecast capacity assessment

Scientific criteria Description Feasibility

1–3 day probabilistic rainfall and
temperature forecast available

Validated data every day by weather
observers at each weather station in
Indonesia

High

10-day probabilistic rainfall and
temperature forecast available by
National Meteorological Service

Data is built from station observation
data, and high-quality weather
prediction data such as ECMWF,
NOAA, GSF, GSM, and Toulouse

High

Probabilistic 3-month seasonal rainfall
and temperature forecasts available by
national institutions

Data is updated every month, and
claimed has skill of forecast more than
75%

High

20-day probabilistic hydrologic
forecasts available by national
institutions

Forecast for disaster only available for
floods and only cover Jabodetabek
regions. The disaster forecast services
will be developed for all regions in
Indonesia

Moderate

Historical forecast data or hind casts
available for more than 10 years, and
forecast verification analysis published

Available but not published yet Low

Historical forecast data or hind casts
available for more than 20 years, and
forecast verification analysis published

Available but not published yet Low

Historical forecast data for ENSO The ENSO index forecast data is
released every month and compared to
the ENSO index released by other
world meteorological agencies

High

Climate change models Climate change projections only use
one model with low resolution. High
resolution is only available for several
islands in Indonesia

Low

Advances in Capacity of Meteorological/Climate Services

The review found that the analysis on existing meteorological/climate services
accessed via online platform and stakeholders’ consultation suggests some advances
in delivering and utilizing weather or climate forecasts for impact (hazard) assess-
ment. The advances are:

1. BMKG is the solely authoritative agency on weather/climate services.
2. The reliability/skill of the rainfall forecasts for occurrences of BMKG across

the country is more than 75%, i.e., 1-day and 3-day weather forecasts, 10-day
probabilistic rainfall and temperature forecasts, 3-month seasonal rainfall and
temperature prediction. The BMKG weather forecasts and climate prediction
are available nationally.
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3. BMKG improves its weather services continuously. BMKG initiates National
Digital Forecast nationally in 2015. BMKG has used the high-resolution model
(ECMWF) to increase the quality of weather forecast in Indonesia.

4. BMKG releases monthly flood potential (prone areas up to district level) based
on historical events in the format of static image in coordination with MoPW
and BIG (now is on hold).

5. BNPB already established historical disaster data and impact in a database
system named DIBI available starting from 1972 up to now.

6. BMKG releases an android application of BMKG Info for 3-day weather
predictions and early warnings by activating hazard notifications.

7. The high resolutionmodel outputs (ECMWF) has been subscribed and installed
in BMKG to support spatial-based weather forecasts.

8. BNPB already initiates and releases hazard assessment tools (InaRisk, InaSafe,
InaWare) that can be overlaid with socio-economic data from other institutions.
These tools provide the data/information of several disaster, i.e. floods, flash
floods, extreme weather, extreme waves and abrasion, earthquakes, forest and
land fires, drought, volcano, landslides, tsunami, multi hazards.

9. There is an initiative to integrate BMKG forecasts and hazard assessment tools
of BNPB (InaRisk).

10. BBWS Citarum (also Bengawan Solo) are now working on a project for mon-
itoring water table and discharge. The tools is developed by government and
Korea collaboration, and have high temporal and spatial resolution, and also it
have real time updating and monitoring system.

11. BMKG has TCWC Jakarta to monitoring the cyclone events in Indonesia.
This monitoring is continuously performed everyday for 24 h using various
kind of technologies, i.e., satellite, radar, and manned or unmanned observation
stations. The purposes are to monitor the development of cyclone, its movement
and intensity.

Future Needs or Challenges in Capacity
of Meteorological/Climate Services

The meteorological services and hazard assessment required for supporting the
implementation of FbA in Indonesia still face many challenges, specifically with
regards to the accuration of the weather or climate forecasts, the integration of
weather forecasts and hazard assessments covering country-wide, and the limita-
tion of available impact estimation as a based for early action. The challenges are
justified below.

1. The model accuracy is diminishing when predicting weather in dry season.
2. The skill of BMKG weather forecast is measured solely based on the predicted

events such as rainfall occurence, whereas, the accuracy for the magnitude has
not been validated.
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3. Accessibility of BMKG data is limited to users, i.e., may be charged to some
fees, or requires an MoU. User obtain the special access (can access the require
data/information, that not release in BMKG website), after sign an MoU.

4. Lay persons or common users are difficult to understand theBMKG information
or data. To increase the people understanding about theweather data, it is needed
to develop the forecasts based on hazard impacts and BMKG in preparing this
services.

5. BMKGprovidesENSO information, but not updated regularly.BMKGprovides
the sea surface temperature data (10 days and monthly data) and El Nino Index
3.4 (1985–2015).

6. There is a need for integrating BMKG data and forecasts for hazard assessment.
7. There is no data specific for watersheds monitored by BMKG.
8. There is limitation on hazard assessment for cyclone events, only potential

occurrences.
9. The relatively high quality monitoring system for hydrological events lead to

predictingfloodevents initiated bygovernment (i.e., BBWSCitarumandBBWS
Bengawan Solo) covered only the targeted areas.

10. Utilization of weather forecasts for predicting specific disasters (i.e., flood,
drought, landslide, cyclone, and strong wind) is still limited.

11. TCWC Jakarta only provides information about cyclone potential occurrence,
and does not inform the magnitude of cyclone.

The Institutional Supports for FbA Implementation

The implementation of FbA in Indonesia requires a strong coordination among differ-
ent institutions. This coordination is required in order to reach the same interpretation
on defining actions with refer to the forecasts. The end users may not have adequate
capacity to directly use information from BMKG as the producers of weather and/or
climate forecasts. Other institutions should work cooperatively with BMKG to trans-
late the forecasts into hazard predictions specifically for estimating the occurrences,
impacted areas, and magnitudes of the impacts. An interpretation should be made to
the impacts so that recommendation can be issued to the end users to define required
actions for mitigating the potential adverse impacts. The relevant institutions that
should be part of the FbA installed architecture which we proposed on the basis of
our assessment of the authority of the institutions (Table 18.5) are drawn in Fig. 18.5.

Conclusion and Future Prospects

The study highlights the FbA in Indonesia should be focused on floods and drought,
as the two most impacted hazards on human lives and assets, occurring relatively in
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Table 18.5 Institutional roles and authorities based on law/regulation

Institutions Authorities Role

Meteorological,
Climatological, and
Geophysical
Agency—Badan
Meteorologi,
Klimatologi, dan
Geofisika (BMKG)

Implementation, guidance and control of
observation, and data and information processing
in the fields of meteorology, climatology and
geophysics
Data and information services in the fields of
meteorology, climatology and geophysics
Submitting information and early warnings to
relevant agencies and parties as well as the
community regarding disasters due to
meteorological, climatological and geophysical
factors

Weather
Forecast

National Disaster
Management
Authority—Badan
Nasional
Penanggulangan
Bencana (BNPB)

Providing guidance and direction to disaster
management efforts that cover disaster prevention,
handling emergency response, rehabilitation and
reconstruction fairly and equally at National level;
Delivering information on disaster management
activities to the community at National level;

Determination
of hazard
impacts

Regional Disaster
Management
Authority—Badan
Nasional
Penanggulangan
Bencana Daerah
(BPBD)

Providing guidance and direction to disaster
management efforts that cover disaster
prevention, handling emergency response,
rehabilitation and reconstruction fairly and
equally at Provincial/district level; Delivering
information on disaster management activities to
the community at Provincial/district level

Determination
of hazard
impacts

Ministry of Public
Works and Public
Housing of the Republic
of Indonesia (PUPR)

Formulation of technical policies in the field of
clan development and decommissioning
Organizing government affairs and public services

Hazard
Prediction

River Basin
Development
Agency—Balai Besar
Wilayah Sungai
(BBWS)

Management of water resources in the river area
which includes planning, construction, operation
and maintenance in the context of conservation
and utilization of water resources and controlling
the destructive power of water in rivers, beaches,
dams, lakes, situ, ponds, and other water
reservoirs, irrigation, swamps, ponds, ground
water, and raw water as well as urban main
drainage management

Hazard
Prediction

Indonesian Red Cross
Society—Palang Merah
Indonesia (PMI)

Assisting the Indonesian government in the field
of social humanity, especially Kepalangmerahan
tasks which include: Disaster Relief and Disaster
Preparedness, First Aid Training for Volunteers,
Health and Community Welfare Services, Blood
Transfusion Services.

Action

(continued)
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Table 18.5 (continued)

Institutions Authorities Role

National Institute of
Aeronautics and
Space—Lembaga
Penerbangan dan
Antariksa Nasional
(LAPAN)

Formulating national policies in the field of
research and development of space and
atmospheric science, aerospace and space
technology, and remote sensing and their
utilization
Implementation of research and development of
space and atmospheric science, aerospace and
space technology, and remote sensing and its
utilization;

Hazard
Prediction

Geospatial Information
Agency—Badan
Informasi Geospasial
(BIG)

Formulation and control of technical policies in
the field of geospatial information
Preparation of plans and programs in the field of
geospatial information
Implementation of basic geospatial information
which includes data collection, processing,
storing data and information, and the use of basic
geospatial information

Hazard
Prediction

Ministry of Finance
Indonesia—Kementerian
Keuangan
(KEMENKEU)

Formulation, determination and implementation
of policies in the fields of budgeting, tax, customs
and excise, treasury, state wealth, financial
balance, and financing and risk management

Action

Ministry of
Health—Kementerian
Kesehatan
(KEMENKES)

Formulation, determination and implementation
of policies in the field of public health, prevention
and control of diseases, health services, and
pharmaceuticals and medical devices

Action

Ministry of Social
Affairs—Kementerian
Sosial (KEMENSOS)

Formulation, determination and implementation
of policies in the areas of social rehabilitation,
social security, social empowerment, social
protection, and the handling of the poor

Action

National Search and
Rescue Agency—Badan
Nasional Pencarian dan
Pertolongan
(BASARNAS)

Formulation and determination of norms,
standards, procedures, criteria, and licensing
requirements and procedures and/or
recommendations for conducting search and
rescue operations

Action

many provinces in the country (particularly the West and Central Java), with refer to
the availableDIBI datasets from1972 to2018.The implementationofFbA for the two
hazards is also promising with regards to available and accessible forecasted rainfall
occurrences and amount (e.g., one day, 3-day and 10-day prediction, and seasonal
forecasts) provided by BMKG nation-wide. The BMKG claimed that the forecast
skill on rainfall occurrence is about 75–77% for the rainfall prediction; however,
the forecasts for rainfall amount do not have the same skills, and the accuracy will
diminish as forecast time goes further in the future.

Unfortunately, the forecasts have not been connectedwith flood or droughtmodels
nationally so that there is not much information on the forecast-lead-time for floods
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Fig. 18.5 Institutional arrangement of utilizing weather forecasts for FbA in Indonesia

and drought. Nevertheless, understanding the temporal period for rainfall forecasts
and prediction, the lead-time for forecasting floods and drought can be about 3 days
and 10 days to 3 months, respectively. This study also reveals that one of major chal-
lenges is on communicating and utilization of the weather and/or climate forecasts.
The accuracy of the forecasts such as rainfall is more on the occurrences, whereas
forecasting the rainfall amount completed with estimated probability is still lacking
or only available for a specific region. The impact-based forecasts still require much
effort to connect existing tools on weather forecasts and historical hazard analysis or
monitoring such as those initiated by BNPB (INARISK) and BBWS of MoPW (i.e.,
BBWS Citarum and BBWS Bengawan Solo).
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Understanding the review results, we recommend the following activities that can
be approached to support the implementation of FbA in Indonesia. The activities are
outlines as follows:

• Improve capacity in interpretingweather and climate data and information through
training, workshop, and other programs as the released weather and climate
information has not been used optimally by emergency alert actors

• Develop hazard based-models to optimally use the forecasts through collabora-
tion among national institutions with refer to existing modalities, e.g., BMKG,
PUPR/BBWS, LAPAN and BNPB

• Equalize the weather and climate forecast capacity across the country which
include the forecast probability for occurrence and magnitude

• Establish robust validation system for weather forecasts and climate prediction to
measure the accuracy of the forecasts across the country.

Finally, this study already attempted as much as we could to collect available data
and information and to interview the key informants; although, we acknowledge
further works can enhance the study on the FbA context in Indonesia. This study
focussed more on the feasibility of the FbA in Indonesia so that several limitations
and constrains should still be considered for more comprehending studies on the FbA
actions, particularly with refer to data availability and further analysis and evaluation
for the weather and/or climate services, as described below:

1. This study does not conduct homogeneity tests to evaluate the quality of BMKG
data

2. The evaluation on forecast lead-time is only based on the interviews and literature
review

3. The long-term series of weather data combined with the information on charac-
teristics of disaster occurrences (i.e., location, period, magnitude, damages) are
required to better evaluate the lead time based on more through analyses

4. The local capacity of the stakeholders (provincial and/or district level), such as
the public understandings on information released through the weather and/or
climate services, have not been assessed to allow for the implementation of FbA
at the local level as the focus is more at the national level capacities.
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Chapter 19
Appraising Climate Services in Uganda:
Impact on Adaptation and Mitigation
of Climate Change

Alex Ronald Mwangu

Abstract Climate change is a serious challenge globally more so in developing
countries. This has led to increased need for climate services to facilitate decision
making by the indigenous communities at the grassroots. The indigenous communi-
ties including the farmers, pastoralists, fisher folks are engaged in various activities
which basically rely on climate. The indigenous communities are illiterate, are con-
cealed in poverty and have little access to climate information. Data was collected
through FocusGroupDiscussions andKey Informant Interviews. The paper finds that
statutory agencies are offering climate services that are fairly contextualized how-
ever they are presented in a scientific language hardly understood by the indigenous
communities. As a result, the indigenous communities’ awareness on the changing
climate is low and they are not making informed adaptation andmitigation decisions.
There is need for robust generation and dissemination of climate information that is
localized and presented in acceptable language through mediums accessible to the
indigenous communities.

Introduction

Climate change is one of the most pressing challenges globally. Climate change
affects various regions differently (World Bank 2010). The 2008 report of theAfrican
Progress Panel observes that climate change will affect Africa more severely than
other regions of the world, and will have devastating impact on food production and
the livelihoods of the rural poor. The devastating impacts of climate change are most
felt in Africa a continent with least resilience capabilities and where majority of the
population depend on natural resources for survival in terms of income, employment
and food. Adverse effects of climate change threaten to undo decades of development
efforts and negatively impact agriculture, settlement, infrastructure and health in
developing countries (IPCC 2007; Padgham 2009; Thornton et al. 2011; Okonya
and Kroschel 2013). The 2008 report of the African Progress panel noted that many
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of the poorest particularly in urban areas are already facing the consequences of
climate change for example the high food prices situation that will be worsened by
the loss of agricultural productivity.

It is projected that most countries especially in sub-Saharan Africa will indeed
experience losses rather than gains in agricultural productivity resulting from climate
change. Uganda is one of those countries that are likely to experience significant
losses in agricultural productivity of 15–25%. Agriculture in Uganda like in most of
sub-Saharan Africa is mainly rain fed. Agriculture is essential to Uganda’s economy
contributing about 25% to the country’s Gross Domestic Product (GDP) and offering
direct employment to over 70% of Uganda’s population (Uganda Bureau of Statistics
(UBOS) 2016). Agriculture account for nearly 50%ofUganda’s total export earnings
(UBOS 2016).

Climate change possess great risk to livelihoods based on agriculture in Uganda.
Smallholders farmers grow crops against a background of limited, erratic and poorly
distributed rainfall in time and space resulting into frequent crop failures and food
insecurity especially in this era when varying and changing climate have made
drought more common (Soropa et al. 2015). In Uganda like in other sub Saharan
countries drought means household food insecurity as a result of complete crop fail-
ure (Food and Agricultural Organization 2009; Okonya and Kroschel 2013). Some
of the direct impacts of climate change on agricultural systems are alteration in evap-
otranspiration, photosynthesis and biomass production; seasonal changes in rainfall
and temperature which would impacts agro-chemical conditions, altering the plant-
ing, harvesting calendars, pests, disease and weed populations and water availability;
and alteration in land suitability for agricultural production (Jiri et al. 2016; Mark
et al 2008).

To address these impacts, farmers require climate information to particularly
devise coping, adaptation to negative consequences of climate variability and change
as well as devise appropriate mitigation strategies (Goddard et al. 2010; Jiri et al.
2016). Gukurume (2014) observes that the way small holder farmers respond to cli-
mate variability and change depends on the information attained and use to decipher
appropriate adaptation and coping strategies. Adaptation methods are those strate-
gies that enable the individual or community to cope with or adjust to the impacts
of climate in the local areas (Nyong et al. 2007). Such strategies range from activ-
ities that are predominantly developmental to those that focus on reducing climate
change impacts (Jiri et al. 2016). Adaptation strategies may include one or a combi-
nation of adaptation of efficient environmental resources management practices as
well as adaptation of efficient technological products. On the other hand, mitigation
is a continuum of practices that help to prevent or minimize the process of climate
change. Mitigation strategies involves changes in societal organization, economic
structure or individual behavior and; technological solutions (Swart et al. 2003).
Traditionally, mitigation practices reduce the emission of Green House Gases from
anthropogenic sources and enhance carbon “sink” (Nyong et al. 2007). In the era
of climate change, climate information encompassing research, observation, predic-
tions and projection is significant in devising adaptation and mitigation strategies
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(Zillman 2009). Besides, climate information is important in improving agricultural
production and improving food security (Moeletsi et al. 2013; Roncoli et al. 2009).

In order for adaptation and mitigation strategies to climate change to be effective,
all segments of society need reliable and accurate information to make critical deci-
sions on adaptation and mitigation of climate change. Uganda’s National Adaptation
Programmes of Action (NAPA) (GoU 2007) mentions indigenous knowledge docu-
mentation and awareness creation as well as weather and climate information among
the eight (8) prioritized intervention areas for effective climate change adaptation
and mitigation. A number of studies (Manyanhaire and Chitura 2015; Jiri et al. 2016;
Nyong et al. 2007; Okonya and Kroschel 2013; Soropa et al. 2015; Chengula and
Nyambo 2016) have been carried out on climate information services in various parts
of Africa have largely focused on Indigenous knowledge and weather forecasting.
Nevertheless, there is a dearth of studies that synthesize the climate information ser-
vices available i.e. scientific forecasting and indigenous knowledge and how they
influence climate change adaptation and mitigation.

Climate Change in Uganda

Climate change is a serious challenge in Uganda. Uganda Vision 2040 observes that
one of the challenges to the country’s development is the “weak management of
environment and climate change” because the government has paid less attention
on preserving the environment, which has resulted into global warming and other
environmental conditions associated with climate change (GoU 2013).

Uganda ranks 159 out of 178 countries in the ND-GAIN Index1 (2013) which is
worse that 2010 (rank 156) (NCEA 2015). By implication, Uganda is getting more
vulnerable to climate change effects although its contribution to climate change
causes is negligible. Uganda ranks 15th on vulnerability and 147th on readiness
implying that it is very vulnerable to, yet very unready to combat climate change
effects. Vulnerability measures the exposure, sensitivity and ability to cope with
climate related hazards as well as accounting for the overall status of food, water,
environment, health and infrastructure within the country. On the other hand, readi-
ness targets those portions of the economy, governance and society that affect speed
and efficiency of adaptation.

Records from 16 climatic zones over two epochs (30-year periods), that is; 1951–
1980 and 1981–2010 identified a statistically significant increase in temperature
between the two epochs ranging from 0.5 to 1.2 °C across the country (NCEA 2015).
Although this increase seems to be a small one, it has dire consequences on climatic
patterns. At the same time, the magnitude of observed warming especially since the
early 1980s is large and unprecedented within the past 110 years representing a large

1ND-GAIN index, summarizes a country’s vulnerability to climate change and other global
challenges in combination with readiness to improve resilience. http://index.gain.org/country/
uganda.

http://index.gain.org/country/uganda
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deviation from the climate norm (NCEA2015). Daily temperature observations show
significantly increasing trends in the frequency of hot days andmuch large increasing
trends in the frequency of hot nights (McSweeney et al. 2010). Between 1960 and
2003, the average number of hot days per year increased by 74 and the average
number of hot nights increased by 134 during the same period. Similarly, observation
of rainfall over Uganda shows statistically significant decreasing trends in annual
rainfall at an average rate of 3.4 mm per month (3.5%) per decade (McSweeney et al.
2010).

Global projections downscaled to Uganda for 2015–2045 period indicate that
there may be an increase in precipitation during December, January and February
which has historically been dry seasons across the country. The increase in rain during
the dry seasons is expected to have a significant impact on livestock and agriculture
especially perennial crops and post-harvest activities such as drying and storage. The
expected increase in percentage of precipitation events is anticipated to escalate the
risks of disasters such as floods and landslides. On the other hand, the warming trend
is projected to continue with some models projecting an increase of more than 2 °C
by 2030. Additionally, projections indicate a potential for an increase in frequency
of extreme events namely heavy rainstorms, flooding, drought, etc. (NCEA 2015).

According to Uganda Vision, 2040, that there is still poor understanding of cli-
mate change and climate variability and hence inadequate adaptation and mitigation
measures currently in place (GoU 2013). The National Development Plan NDP II
(2015/2016–2019/2020) (GoU 2015) observe that climate change is not only a chal-
lenge to the population but also one of the greatest challenges impeding growth and
the country’s transition from a low income country to a mid-income country.

Scientists have observed that changes in precipitation and atmospheric tempera-
tures have had serious disastrous effects. The 1997 and 2007 long rains resulted into
severe flooding in Eastern andNorthernUganda resulting into loss of life, destruction
of infrastructure like roads, communication and houses, destruction of food crops
resulting into famine, hunger and malnutrition. In fact in 2007, flooding in Uganda
resulting from the changing climate led to cholera and dysentery and 525 people
died of cholera and 1000 people hospitalized for cholera incidents (Population Sec-
retariat 2009). The temperature rise resulted into an increase in infectious diseases.
Malaria cases increased by 43% in Ntungamo, 51% in Kabale and 135% in Mbarara
(Population Secretariat 2009).

In semi-arid areas, tick borne diseases have become rampant because of higher
temperatures. The tsetse fly belt has expanded, while meningitis and eye infections
have increased (GoU 2007). It has been observed that droughts are increasing in
Uganda especially western regions and Mbarara district in particular with seven
droughts logged by scientists’ between 1991 and 2000 and droughts affecting west-
ern, Northern and North Eastern are becoming more severe (Hepworth and Goulden
2008). The severe droughts have resulted into frequent dust storms and associated
respiratory and eye infections in low lying areas. In addition, the frequent droughts
have resulted into lowering of the water table leading to drying of boreholes with the
poor and the cattle corridor most affected. At the same time the increased tempera-
tures have affected the agriculture crops like coffee, cassava and soya and they have
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led to emergency of new pests (GoU 2007). These changes observed and experienced
by the farmers has illuminated the farmers need for climate information to guide their
adaptive and mitigation strategies.

Overview of the Concept Climate Services

Whatever human activities carried out, being able to predict the weather has been an
advantage (Manyanhaire and Chitura 2015). Early warning systems have proven to
be indispensable in preparedness for climate events like floods, landslides, onset of
rain, tsunami, droughts and related food insecurity; and earthquakes (Tadesse et al.
2008). The ability of farmers to accurately forecast and use climate information is
imperative in ensuring the sustainability of livelihoods under a changing climate and
increasingly variable weather (Chengula and Nyambo 2016). Climate variability has
a considerable influence on the success of agriculture production and other aspects
like health in Uganda. Climate elements like rainfall, temperature and humidity
which influence availability of moisture to crops through their influence on the rates
of evaporation determine agriculture production. The IPCC (2014) conceptualized
the possible impacts of climate change with a climate risk framework consisting
of vulnerability, hazards and exposure. To effectively deal with the climate risks,
it is important to understand and assess the risks and their elements for appropriate
management (Ribot 2014;McDowell et al. 2016; Jones and Preston 2011). Jones and
Preston (2011) adds that risk management could guide adaptation to climate change.
Therefore, there is need for climate services to facilitate climate risk assessment and
management (Räsänen et al. 2017).

Climate services are decision relevant, actionable, science-based information that
stakeholders can act upon (Räsänen et al. 2017). However, climate services have
been criticized for being supply driven, disregarding the demands of information
users when generating climate services (Lourenço et al. 2016). In the end some of
the convectional climate services are irrelevant, not addressing the needs of the users.
Given the complexities of climate change and variability, the availability of scientific
evidence to support decision making is not solely enough, but relevance is equally
important as it determines the uptake of climate information services. There is a lot of
research done in Africa on indigenous knowledge systems and weather forecasting
(Okonya and Kroschel 2013; Kagunyu et al. 2016; Manyanhaire and Chitura 2015;
Soropa et al. 2015; Jiri et al. 2016) however an investigation of available climate
services and a linkage to climate change adaptation and mitigation in Uganda is
lacking.
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Methodology

The study was carried out in Kalangala and Kayuga districts in (Buganda/Central
region) andHoimadistrict (Bunyoro region) inUganda.A total of 108 households (36
households per district)were interviewed.Three sub countieswere randomly selected
per district and in each sub county two parisheswere chosen. Six villageswere chosen
per parish. Six households were randomly selected per village. Respondents were
people who had resided in the area for at least the last 20 years and were older than
40 years. Respondents were interviewed from their homes using an interview guide.
Focus Group discussions were also held with a group of 8–10 people at one village
per parish. The methods used gave the respondents the opportunity to describe the
climate services they receive. Focus Group Discussions and qualitative interviewing
have a specific relevance to the study because it emphasizes to understand and explain
complex phenomena more comprehensively. However, this research being a case
study, its findings may not be generalized.

Climate Services Available in Uganda

According to responses from the field investigations climate services available in
Uganda are two folded; scientific climate information services and climate infor-
mation from the indigenous knowledge forecasts. Uganda National Meteorological
Authority (UNMA) is the statutory government organ responsible for predicting
weather and climate in Uganda. UNMA provides seasonal rainfall forecasting with
three forecasts produced per year. The first seasonal forecast covers the months of
January, February, March and April (JFMA), the second forecast covers the months
ofMay June, July, August (MJJA) and the third forecast covers the period of Septem-
ber, October, November, December (SOND). UNMA like other convectional climate
and weather forecasters use statistical and dynamic methods (Gissila et al. 2004; Jiri
et al. 2016; Johnston et al. 2004). The forecasts are disseminated to the public through
various media such as newspaper supplements, on the Authorities website and select
radio andTelevision stations. Themeteorological information is generated aftermon-
itoring and observation by the climate change outlook forum for the Greater Horn
of Africa involving international, regional and national climate scientists and down-
scaled by UNMA. A general forecast for the country is generated and further down
spatial seasonal rainfall forecasts that provide a detailed forecast for each region as
per Table 19.1.

As per Table 19.1, UNMA down scales weather/climate forecasts to sub regional
level. Dissemination of the information in the newspapers targets the national level
while dissemination of the information on regionally based radio stations targets the
regional and sub-regional forecasts.

UNMA rainfall forecasts details the projected climatic conditions expected in
each of the months under forecast for example thunderstorms, showers, start of
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Table 19.1 Spatial seasonal rainfall forecast regions of Uganda

Region Sub region Districts

Lake Victoria Basin and
Central region

Western parts of Central Nakasongola, Luwero,
Kyankwanzi, Nakaseke,
Kiboga, Mubende, Kasanda,
Ssembabule, Lwengo,
lyantonde, Kyotera, Rakai

Eastern parts of Central Mukono, Buikwe, Kayunga,
Buvuma

Central and Western Lake
Victoria Basin

Kalangala, Kampala, Wakiso,
Masaka, Mpigi, Butambala,
Kalungu, Bukomansiimbi,
Gomba, Mityana

Eastern Lake Victoria Basin Jinja, Bugiri, Busia, Mayuge,
Namayingo, Tororo

Western region South Western Kabale, Kisoro, Rukungiri,
Kanungu, Ntungamo,
Mbarara, Kiruhura, Isingiro,
Ibanda, Bushenyi, Buhweju,
Mitooma, Sheema, Rubirizi,
Rukiiga, Kasese

Central Western Bundibugyo, Ntorooko,
Kabarole, Kyenjojo,
Kyegegwa, Kamwenge,
Masindi, Buliisa, Hoima,
Kikuube, Kakumiro,
Bunyangabu, Kibaale

Eastern region South Eastern Kamuli, Iganga, Bugweri,
Luuka, Namutumba,
Buyende, Kaliro, Butaleja

Eastern Central Pallisa, Butebo, Budaka,
Kibuku, Mbale„ Sironko,
Manafwa, Bududa,
Bulambuli, Kapchorwa,
Kween, Bukwo, Bukedea,
Kumi, Kaberamaido, Soroti

North Eastern Amuria, Kapelebyong,
Katakwi, Moroto, Kotido,
Nakapiripit, Nabilatuk, Abim,
Napak, Amudat, Kaabong

Northern region North Western Moyo, Yumbe, Adjumani,
Arua, Terego, Zombo, Nebbi,
Pakwach, Koboko

Eastern Northern Lira, Kitigum, agago, Otuke,
Pader, Kole, Dokolo,
Kaberamaido

Central Northern Gulu, Apac, Kwania, Pader,
Lamwo, Nwoya, Amuru,
Oyam, Kiryandongo

Source Adapted from UNMA September–December, 2018
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seasonal rains, peak of seasonal rains, cessation of seasonal rains and in the end
carry descriptive terminologies reflective of the overall rainfall prediction as “Above
normal (above average), normal (average), near normal (near average), near normal
(near average) to above normal (above average), near normal (near average) with
a tendency to above normal (above average) below normal (near average). These
descriptions though explained but farmers had difficulties of interpreting them and
having the slightest imagination of what to expect.

Scientific predictions carry advisories and early warning per various sectors such
as Agriculture and Food Security sector (see Table 19.2), Water Resource Manage-
ment andEnergy sector, Health sector, Disaster Preparedness sector;which facilitates
decision making which is critical in adaptation and mitigation of climate change.

Farmers demand for seasonal and medium to long term forecasts to support their
farm decisions. They use a combination of indigenous knowledge and meteoro-
logical information in their seasonal forecasting. The farmers primarily depend on
Indigenous knowledge but are eager to receive scientific forecasts (Jiri et al. 2016;
Mapfumo et al. 2015; Orlove et al. 2010; Roudier et al. 2014). The farmers blend
IK and scientific information and they adjust their practices. For some farmers it is
hard to tell what information they are relying on because of the blending but the
combination of IK and scientific information influences farm decisions.

Climate services are important because farmers approach a seasonwith prior expe-
rience as well as input from scientific real time forecasts. A key aspect of interest to
farmers in making decision is the potential evidence of rainfall pattern which influ-
ence crop management activities namely bush clearing, garden preparation, planting
time, weeding, application of fertilizers and pesticides. The farmers modify deci-
sions based on continuous advisories from UNMA as well as emerging predictive
symbols from environmental observations about the expected weather conditions
and soil moisture.

The scientific information is not only useful to farmers inmodifying their decisions
but also reinforce what they have already decided on in the circumstances that it is
in agreement. Farmers in Uganda use a mix of IK and scientific climate information
to maximize benefits from the anticipated conditions enhancing their capacity to
adapt and mitigate climate change. The advisories provided by UNMA highlight
climate extremes and provide recommendations for actions to be taken is crucial
in curtailing risks which would affect agricultural productivity and the resultant
food insecurity. The informed use of climate information is important in reducing
agriculture risks, responsible allocation of agriculture resources which is important
in increasing agricultural productivity.

While scientific information is crucial in decision making for farmers, its uptake
remains low. Climate information generated through indigenous knowledge is the
most predominantly used by farmers in making farm decisions in Uganda. Farm-
ers use a combination of methods to predict weather such as calendar months,
atmospheric indicators (wind circulation), plant phenology indicators, cloud cover,
appearance of the moon, insect movement, bird migration and other social-cultural
indicators.
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The Local names of the calendar months provide the initial climate weather fore-
casting information. In Central Uganda like in other regions, the calendar months
have local names which carry information on weather forecasting and it continues
to be used widely (see Table 19.3).

Table 19.3 shows some of the local calendar names and their implication on
the weather forecasts. These local names are used to guide the farm activities for
example preparing gardens, planting, weeding, harvesting and post-harvest handling.
For example, the month of September and November are named after white aunts
(a delicacy in Uganda) and linked to the rainfall densities. In this regard, the white
aunts in September are known to leave their nests when there is receipt of occasional
rainfall and corresponding sunshine, while November is the peakmonth for the white
aunts (Nsenene) and heavy rainfall. White aunts leave their nests in large swarms
after their nests are soaked by the heavy rains. Farmers make their decisions based on
their traditional knowledge arising over time that has been inculcated by the elders.

Other indicators used in forecasting weather majorly focus on expectations of a
dry season as well as a wet season (see Table 19.4).

Table 19.4 shows how the local community interpret the atmospheric conditions,
plants, insects and birds’ migration to determine the onset of rain and the dry season.
For the appearance and movement of insects is an indicator of approaching dry
season. Other indicators used by the local farmers include the patterns of the stars,

Table 19.3 Local names of calendar months and associatedmeaning related to climate information
in Buganda (Central region)

Month (English name) Month (Luganda name) Meaning

January Gatonya Bumper harvest/post-harvesting
handling

February Mukutulansanja Drought, crops shedding

March Mugalansigo Preparing gardens, buying seeds,
planting

April Kafuumuulampawu White aunts, light rains, planting

May Muzigo Heavy rains, weeding

June Ssebo aseka Harvesting time, post-harvest handling

July Kasambula Preparing fields, dry season, clearing
gardens, weeding

August Muwakanya Lightning and thunderstorm, transition
from dry to wet season light/first rains,
planting

September Mutunda White aunts, dry/wet season, weeding

October Mukulukusa bitungotungo Heavy rains/weeding

November Musenene Continuous heavy rains, white aunts,
planting

December Ntenvu Insects, light rains, cessation of rainfall,
planting
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Table 19.4 Early warning signs of weather and climatic events in Uganda

Indicators for of the dry season Indicators for the onset of the rainy season

• A clear sky • Occurrence of whirlwinds

• Strong winds in the morning and evening • Appearance of migratory birds

• Appearance of rainbow frequently • Frogs in swampy areas start croaking at
night

• Warm winds blowing • presence of dew on plants in the morning

• Winds blowing from east to west • Appearance of nimbus clouds in the
morning, evening and night

• Strong winds with rain in a storm • New leaves of trees sprout

• Movement of cumulus clouds from the east
to the west

• Termites/white aunts leave their nests

• Winds blowing from north to south • Occurrence of thunderstorm

• Presence of red clouds at sunset • Birds like grey crowned crane start to call

• Moons appear bright • Appearance of millipedes

• Moon appears black in color • Presence of cool winds

• Appearance of fog in the morning • A feel of excess heat during day, evening
and night

• New moon appears red without a lining • Movement of clouds from west to east

• Coldness during day and night

• Trees shed their leaves

• A lot of cloudiness in the morning and
evening

• Appearance of migratory birds

• Appearance and movement of insects

temperature changes/body temperature, flowering of plants which are interpreted to
tell approaching drought, normal rains and floods. For example, an increase in night
time temperature, changes in the smell of the environment and strong whirl winds is
an indicator of approaching rains in a few days.

Challenges of Climate Information Services

The need for climate information in this era of climate change is high and more so
relevant climate information. While a lot of effort has been taken to make scientific
forecasts relevant through interaction on seasonal forecasts by national, international
and regional climate scientists under the auspices of the Climate Outlook Forums,
the climate information services are dodged by various challenges discussed below.

Climate forecasts both scientific and those based on IK have been found to be
inaccurate and these are a major challenge to farmers. Farmers rely on IK to forecast
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weather but the indicators/symbols are no longer reliable resulting into inaccurate
predictions. Farmers integrate scientific information into the indigenous knowledge
but does not improve the decision making as it also sometimes turns out to be inaccu-
rate. In the end, farmers make decisions based on inaccurate forecasts which drudge
their adaptive capacity and mitigation potentials. There is evidence to show that IK
is no longer accurate and reliable however with no other option, it is taking the farm-
ers a long time to understand the situation and change their ways. A case in point
is Kayunga Districts, where farmers rely on calendar months to plan their farming
activities. Time immemorial the local names of the calendar months carried meaning
attached to different weather information for different seasons and it was useful to
farmers. The local calendar months precisely predicted the season for preparing the
gardens, planting, weeding, harvesting however they are no longer accurate and the
continued reliance on IK is a precursor for food insecurity, wastage of farm resources
and disaster.

Even some members of the present generation lack the requisite skills to interpret
the various signswith precision.Without documentationof the indigenous knowledge
systems, the IK forecasting is under threat of extinction. Nonetheless IK is the basis
for local decision making in Uganda. IK can be improved over time depending on the
influence of outside information or it can be abandoned in favour of new technology
only if it is considered to be better. The continued reliance on traditional calendar
months and the integration of inaccurate scientific forecasts has resulted into negative
yield impacts and therefore more efforts need to be done to accurately forecast
scientifically because the farmers have demonstrated the potential to incorporate
scientific forecasts in making farm decision.

Scientific climate forecasts are generated in time and available but hardly acces-
sible to farmers. The generation and availability of climate information is more less
to fulfil a statutory obligation than assisting farmers to productively engage in agri-
culture that is reliant on climate and rainfall in particular. Dissemination of scientific
climate information in Uganda remains a major challenge. UNMA basically uses
newspapers to offer comprehensive forecasts. However, newspapers circulation in
Uganda is low and concentrated in urban areas. Majority of the urban population
are not engaged in agriculture and although these weather casts touches other areas,
but the forecasts are of less important to them. The UNMA website is also used for
dissemination but access to internet and the skills to navigate the website and dig out
the information is low. Besides, internet fees are high and the farmers cannot afford
to pay for it. Fagbamiye (2015) observes that the cost of internet connectivity in
Africa is high specifically citing Uganda where internet services is said to be 150%
higher than the same service cost in United States of America. Therefore, there is
limited and inequitable access for climate information and this complicates the prob-
lems of efficiency of seasonal forecasts (Mapfumo et al. 2015; Roudier et al. 2014).
Besides, the aspect of timeliness in delivery of climate information is a major prob-
lem. Information is not disseminated in a timely manner and farmers hardly receive
it in time to guide their decision making. The extension workers that interact with the
farmers at the grassroots lack information on weather and climate which limit their
ability to support farmers effectively. The Local government structure has a position
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of environment officers at district level who would ideally transmit such information
but they are detached from the Meteorological authority due to funding challenges.
The media is paying little attention to disseminating climate forecasts for example
daily weather forecasts are on UNMA website but no longer on Local Television
channels and radio. Women compose the majority of the small holder farmers and
need the climate information but they live in poverty and access to the various media
outlets is limited. Therefore, there is need to improve the dissemination pathways
through multiple channels in order to reduce the barriers that tend to limit climate
information uptake.

The scientific climate forecasts are presented in a scientific language and many
farmers do not comprehend them. Description of expected rains such as “above
normal rains”, “near normal rains”, “normal rains”, “near normal to above normal
rains” are vague andmeaningless tomajority of the farmers. The failure by the climate
scientists to tone down these terminologies and going an extra mile to use simple and
local terms to explain the weather forecast is a missed opportunity to increase uptake
of climate information. Government lacks requisite staff at the grass roots to interpret
the forecasts and given the low literacy levels of the farmers they cannot interpret
the forecasts. This compounds the problem of efficiency of climate information.
This partly explains why the uptake of scientific forecasts is low because the end
users are not involved in the process of generation of climate information. Scientific
language is used to relay the forecasts which many farmers cannot understand. The
scientists are not accessible to interpret the information to farmers. Scientists don’t
relate their forecasts to the indigenous knowledge which forms the foundation for
weather forecasting in the local communities. The failure by the scientists to link
their forecasting to IK is a barrier to uptake of scientific information.

Some of the available scientific information has been scaled down to sub-regions
posing the potential of givingmore accurate forecasts. Although this seems localized,
in practice the regions are still big for production of precise information. Scientific
forecasting is generating information without the input of the end users and the
farmers’ knowledge banks and interests are not considered when developing the
forecasts. For ownership of these forecasts a participatory approach is recommended
that involves scientists, end-users (farmers, fisher folks, pastoralists, etc.), extension
services in generation, analysis and interpretation of climate information. This will
help to scale up the accuracy of the climate forecasts and increase the uptake of
climate information services by the end-users.

Climate Services and Climate Change Adaptation
and Mitigation in Uganda

Climate information services both scientific and from the indigenous knowledge play
a central role in enhancing adaptive capacities and mitigation strategies. In Uganda
the uptake of scientific forecasts is low. The inaccuracy of scientific forecasts has
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limited its uptake. To a large extent, farmers rely on IK forecasting which is no longer
reliable. The farmers continue to plan the planting seasons basing on the local names
of the calendar months yet the climate has changed. The local names of the calendar
months remain but theirmeaning has been distorted by climate change. Penetration of
scientific climate information is low. Therefore, farmers basically rely on indigenous
knowledge indicators to plan the farm activities from time to time. For example, when
farmers project an approaching dry season, they devise water storage strategies in
their gardens deploying a variety of agriculture practices such as mulching, digging
ditches, storing food in granaries. Other agriculture practices adopted by the farmers
include decisions on cropping patterns especially early planting which has been
helpful to reduce the farmers’ vulnerability to climate change.

The National Agricultural Research Organisation (NARO) has produced high
yielding crop varieties of cassava, coffee, banana that have a short growing period
and are resistant to pests and drought. The farmers have abandoned the traditional
long season varieties and adopted short season varieties in response to the longer
drier periods. However, due to poverty and lack of information on the changing cli-
mate, some farmers continue to plant traditional crop varieties affecting agricultural
production. In addition, farmers are planting crops in swampland where water is
available even during the dry season (Okonya and Kroschel 2013).

Conclusion

Climate change is a reality in Uganda and farmers need climate information to
make appropriate farm decisions. Farmers basically use IK such as the local cal-
endar months in Central Uganda in weather forecasting however it is no longer
reliable because of the changing climate. Scientific climate information is generated
by experts without involvement of the end users. Scientists should adapt climate
information to end users’ knowledge and practice as people are better able to adopt
to new ideas that are seen in the context of existing practices. Because the Agricul-
ture Extension workers are close to farmers, they should be trained to interpret the
climate information to improve accessibility and uptake of climate information; and
ultimately enhance the adaptive capacity of the farmers.
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Chapter 20
Communicating Climate Change
Impacts as Manifested in Extreme
Weather: A Case of Newspapers’ Reports
in Nigeria

Ayansina Ayanlade, Foluso E. Omotoso, Luqman A. Bisiriyu,
Margaret O. Jegede and Oluwatoyin S. Ayanlade

Abstract This paper examines the public reports on extreme weather events and
climate change in Nigeria. The investigation was conducted to show how national
media have been reporting extreme weather events in Nigeria. The report on extreme
weather events from two major national dailies were assessed. The results showed
that extreme weather events reports are not properly described by most national
media. The total articles of extreme weather events reported by Vanguard newspaper
were 118 and 78 were from the Punch newspaper over the period. The percentages of
specific extreme events reported during the study period by the Vanguard are—Flood
(75.42%), Rainstorm (21.19%), Windstorm (3.39%), but no report for thunderstorm
and drought, while the Punch reported 66.67% of Flood cases, Rainstorm (28.21%),
Windstorm (3.84%), thunderstorm (1.28%), but no report for drought. The study
concludes that more actions should be taken to sensitize the public about the occur-
rences of weather events, which is frequent nowadays as evidence of change in the
climate.

Introduction

Discussions on climate change are a global issue and its impacts are obvious in
all parts of the world. Study of extreme weather event is very useful for predict-
ing the occurrence of such events and this information will be of help in saving
lives and properties (IPCC 2014). Typical examples of such extreme events in Africa
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include drought and floodingwhich are affecting various sectors of the economy. The
impacts of climate change and its associated extreme weather events are obvious in
the world. Both developed and developing countries are affected. Climate change
constitutes a major threat to socio-economic development, especially in African
countries, though it is a global phenomenon and has no regard for national bound-
aries. The major evidences of climate variability/change in the African continent
are increasing occurrences and intensity of the extreme weather events, such as
flooding, drought, storms, desertification, increasing rainfall variability, among oth-
ers (Haines et al. 2006; Brooks and Adger 2003; Mupedziswa and Kubanga 2017;
Zhang et al. 2014). Although, studies have shown that the distribution of the precip-
itation over time and space is very complex and irregular in Nigeria (Olaniran 2002;
Odekunle 2001; Odekunle et al. 2005; Ayanlade et al. 2010; Ologunorisa and Tersoo
2006). These extreme events are especially pronounced with respect to the occur-
rence of the exceptionally heavy storm and flood events which have an impact in both
cities and rural areas. In other part of the world, studies have also reported extreme
weather events. For instance, a study by Donat et al. (2014) has earlier stated the
changes in extreme weather as a threat both to human and environment. Other stud-
ies have revealed that extreme weather events have the ability to disrupt ecosystems
and the means of human livelihood (Berkes and Jolly 2002; Glantz 2001; Garden
2017). Besides, the consequences of these are the death of livestock, displacements
of people, and economic hardship in many locations.

There are different opinions about climate variability, climate extreme events,with
differs opinion issues of climate change in Africa. Some scholars have noted these
phenomena as normal, recurrent feature of climate that occur in virtually all climate
zones, from very wet to very dry. Regardless of the different views, the ability to
predict the possibility of occurrence of such extreme eventualities as flood, drought,
desertification, landslides and thunderstorms can help individuals and government
authorities to plan (Gyireh 2011). This is because the impacts of the extreme events
are noticeable at all levels. For example, drought disasters account for less than
20% of all disaster occurrences in Africa, but they account for more than 80% of all
people affected by natural disasters (Guha-Sapir et al. 2011;Brooks andAdger 2003).
Disasters brought by prolonged drought andflood inAfrica are nowaffectingmillions
of people themajority ofwhomare in rural areas. This has contributed to a high rate of
malnutrition, famine and loss of life and livestock (Rockström 2003; Steady 2014;
Adeniyi 2016). Though drought is a momentary aberration from normal climatic
conditions in Africa, it varies significantly from one region to another. Drought is one
of the natural events that affect people’s livelihood and socio-economic development
(Ayanlade et al. 2018). Drought and flooding are two opposite hydrologic events,
and this was made through review of rainfall data collected in the past years. And
this extreme event must be guarded against because of the immeasurable havoc
these events have on mankind (Loaiciga et al. 1993; Gasse 2000; Pielke et al. 2002;
Alexander 2016). Also, studies have shown that desertification has deprived farmers
in a number of ways which are deposition of sand dunes, insufficient water for
agriculture lands and these result to low income on the part of the farmers. The
impacts of desertification can be measured by the reduction in the productivity of
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plants and the undesirable alteration in the biomass and the diversity of fauna and
flora, increased soil deterioration. One of the most major problems facing northern
Nigeria is desertification and it has an awful consequence on their economic. Efforts
have been made both at national and international levels to curb the impacts of
desertification but still, desertification persists (Thelma 2015). All these are as results
of extreme rainfall events, as the excess rainfall results to flooding, the decrease in
rainfall results to drought while prolong drought could lead to desertification. Hence,
there is a need for further studies on the rate at which Nigerian dailies reported such
events and the lesson that could be learned for better actions. Thus, this paper aims
at examining the report by daily newspapers on extreme weather events and climate
change in Nigeria. The investigation was conducted to show how national media
have been reporting extreme weather events in Nigeria. We examined the pattern of
rainfall and temperature patterns in three major locations since heavy precipitation
contributes to increased flooding, a pattern that has already been observed around
the world. Floods generally develop over a period of days, when there is too much
rainwater to fit in the rivers and water spreads over the land. Thus, runoff, or the
surface water left over when the land cannot soak up any more, has also increased in
many parts of the world, consistent with changes in precipitation (Parry et al. 2007;
Gutowski et al. 2008).

Methods

This study used bothmeteorology and reported extreme/emergency data. Dataset was
collected from theNational EmergencyManagementAgency (NEMA)while climate
data was collected from Nigeria Meteorological Station (NIMET) from 2008–2015.
Also, the highly demanded newspaper was used to examine the extent to which
the extreme weather events were reported. The first step of data collection was the
acquisition of the secondary data, which was done by extracting the extreme weather
events from the National Emergency Management Agency (NEMA) for the year
2001. This data showed the values for maximum temperature, minimum temperature
and rainfall for three major locations; Sokoto, Port Harcourt and Ibadan. These loca-
tions were selected because they have the highest frequency of reported of extreme
events, noted from the two top newspapers used (Vanguard and Punch). Also, 10
most widely read newspaper (both in paper and online) were selected, as not to be
biased in the data collection for this research. Purposive sampling technique was
adopted in this study to select the 10 most widely popular newspaper: Leadership
Newspaper, National Mirror Newspaper, The Guardian Newspaper, Nigerian Tri-
bune Newspaper, This Day Live Newspaper, Sun News Online, Sahara Reporters,
The Nation Online Newspaper, The Punch Newspaper and lastly Vanguard Newspa-
per. The ranking method was used to select the first two top popular newspapers. The
ranking methods and selection were based on their wide circulation and popularity.
The first largest which is Vanguard newspaper, this newspaper in terms of circulation
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published about 120,000 copies daily and The Punch is the second largest newspa-
per in Nigeria in terms of circulation which published more than 80,000 copies of
newspaper daily and also available online. Based on the wide circulation of these
two newspapers and their popularity online, these two were chosen for this research
work. The succeeding step was visiting the Hezekiah Oluwasanmi Library OAU to
check for the foremost two newspapers (Vanguard and Punch newspapers) that have
the highest popularity. The same newspapers were checked electronically by visiting
the website of the newspapers.

The extreme weather events examined in this study include flooding, drought,
rainstorm, windstorm, and thunderstorm. Every article in these two newspapers that
addressed the issue of flooding, drought, rainstorm, windstorm, and thunderstorm
were noted to make up the population of this research work. And the time frame
was chosen which is between 2008 and 2015. The time period was chosen because
these were the years that were made available in these two newspapers’ archive. The
rainfall and reported extreme events data collected for the years were compared with
the actual data collected by NEMA. Descriptive and inference statistics were used.
The comparative analysis was performed using the data obtained from the reports in
the two top-rated newspapers and this was compared with the data collected from
NEMA.

Results and Discussion

Examination of the Extent of Extreme Weather Events
Reported

Figure 20.1a depicts the reported extreme events of floods; rainstorms, windstorms,
thunderstorms and droughts in Nigeria by Punch newspaper while Fig. 20.1b depicts
the reported extreme events of flood, rainstorm, windstorm, thunderstorm and
drought in Nigeria by Vanguard newspaper over the period of study. In the year
2008, no incidence of windstorm, thunderstorm and drought were reported. 3 occur-
rences of the flood, while only 1 occurrence of a rainstorm was reported in Punch
(Fig. 20.1a). Comparing this result with Vanguard in the year 2008 (Fig. 20.1b), no
incidence of windstorm, thunderstorm and drought were reported; 6 occurrences of
the floods were reported, and 5 occurrences of rainstorms. In the year 2009, there
were 4 major occurrences of the flood reported in Punch; 1 incidence of rainstorm
was also reported, and there were no reported records of windstorm, thunderstorm
and drought. For Vanguard, the year 2009, there were 5 occurrences of the flood that
were reported, while 4 incidences of rainstorm were also reported, only 1 record
of windstorm and no occurrence of thunderstorm and drought (Fig. 20.1). Punch
newspaper in the year 2010, however, reported 8 occurrences of floods and just 1
rainstorm were reported and no records of windstorm, thunderstorm and drought
were reported. Likewise, 8 records of the flood were reported, that of rainstorm and
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Fig. 20.1 The annual reports of floods, rainstorms, windstorms, thunderstorms and droughts in the
punch (a) and Vanguard (b) newspapers between 2008 and 2015

windstorm were 2 and 1 reported occurrences respectively, but just 1 extreme event
of the flood was reported in the year 2012 (Fig. 20.1a). However, Vanguard records
in the year 2010 show 6 occurrences of reported floods and just 1 rainstorm was
reported and 1 record of windstorm, and no report on thunderstorm and drought
(Fig. 20.1b). In the 2011 Vanguard reports; 20 records of the flood were reported
in the following location, while that of a rainstorm was 1 and no report on wind-
storm, thunderstorm, and drought. In the year 2012, Vanguard further reported 24
extreme events of the flood, 3 events of a rainstorm and no records of windstorm,
thunderstorm, and drought (Fig. 20.1).

Much more climatic extreme events were reported for the year 2013, 2014 and
2015 generally for the top two newspapers. For example, in the year 2013 Punch
reported 11 floods incidence; Rainstorm (7);Windstorm (1); while the reported event
of thunderstorm and drought (Fig. 20.1). The year 2014 reports; floods (11), rain-
storm (9), windstorm (1), thunderstorm (1) and drought (0), Year 2015 reports; floods
(6), rainstorm (1), windstorm (0), thunderstorm (0) and drought (0). The year 2013
Vanguard records revealed; floods (14), rainstorm (8) Windstorm (1). Thunderstorm
(0), and drought (0); and for the year 2014 reports; floods (3), rainstorm (3), wind-
storm (0), thunderstorm (0) and drought (0), Year 2015 reports; floods (11), rainstorm
(0), windstorm (1), thunderstorm (1) and drought (0), as presented in Fig. 20.1.

The above results showed that the year with very little disturbance as reported by
punch newspaper is the year 2012 because only one occurrence of the extreme event
was recorded. And the year with the highest disturbance 2014 with 22 total events
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reported and this is followed by the year 2013 with 19 records of occurrences. It is
obvious from the results derived for these years; that is 2008–2015, that emphases
were not placed on thunderstorm and even drought issues were not addressed, indi-
cating that these events were taken with flippancy and this may account for the low
level of recognition of these extreme events by the public. It can be inferred from
these results that year 2011, 2013 and 2015 experience much of floods and rain-
storm, as reported by the top two newspaper. However, little or no reported cases of
windstorm, thunderstorm and drought were informed in the newspapers (Fig. 20.1).
In vanguard report also throughout the whole years of temporal variation that is
2008–2015, there was no incidence of drought reported meaning that no relevance
was placed on this event and this will directly affect people perception about this
weather phenomenon and the level of their level of awareness and recognition of
these extreme events by the public. In all, Punch Newspaper reported much of the
extreme weather event much more than vanguard (Fig. 20.1).

Monthly and Seasonal Extreme Weather Events Reported

The monthly reported cases of weather events generally follow the rainfall patterns
in the study area. The monthly reports on the flood and storms from 2008 to 2015 in
punch newspaper are shown in Fig. 20.2b and Tables 20.1 and 20.2. The results show
that themonth of January 2008 to 2015was 0, meaning there was no flood occurrence
in themonth of January. Series 1–8 in Fig. 20.2 indicated the yearly series. The report
for February 2008–2015was 1 and this 1 occurrencewas reported in 2013while there
was no record in February the other years. For March 2008–2015 was 1 and this was
reported in 2013. For April 2008–2015, the number of the occurrence was 3 and this
was reported 2013 (1) and 2014 (2). In the month of May 2008–2015 (Fig. 20.2b),
the reports recorded were 4 and there were 2012 (1), 2013 (1) and 2014 (2). For the
month of June 2008–2015, the number of the reports was 5 and these were reported
2009 (1), 2011 (1), and 2013 (3). July 2008–2015, the reports recorded were 4 and
these were 8 and these were reported 2009 (2), 2010 (2), 2011 (1), 2013 (1), 2014 (1)
and 2015 (1). For August 2008–2015 the reports recorded were 6 and these happened
in 2008 (1), 2011 (2), 2014 (1) and 2015 (2). For September 2008–2015, the reports
recorded were 15 (Fig. 20.2) these happened in 2008 (2), 2010 (4), 2011 (3), 2014
(2), 2015 (4). For October 2008–2015, the reports recorded 6 these happened in 2009
(1), 2010 (1), 2011 (1), and 2015 (3) (Fig. 20.2b). For November 2008–2015, the
report recorded was 1 and this happened in 2013 and lastly December 2008–2015,
the report recorded were 2 and these happened 2010 (1), and 2013 (1). Based on
the analyses of the monthly report on the flood it showed that flood reports have the
highest articles which were 52 in total compared to storms’ report which were 26
articles in total (Table 20.1). When looking at the results of the floods’ report, it was
found out that a large proportion of the articles published by the Punch newspaper
reported flooded (Fig. 20.2c), which indicates strong interest in the incidence of flood
events.
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Fig. 20.2 Rainfall patterns in the study area and monthly reports on Flood between the years 2008–
2015. a represent Monthly rainfall (Climatology data), b and c are reported cases of floods in Punch
and vanguard newspaper respectively

This indicates that the public are less aware of storm events happening in their
surroundings. Table 20.2 and Fig. 20.2b depict the monthly reports on the storm in
punch newspaper from 2008 to 2015. The records in the month of January 2008–
2015 were 0 meaning there was no storm occurrence in the month of January. The
report for February 2008–2015 was 3 and these 3 occurrences were reported in 2013
(1), 2014 (1) and 2015 (1). For March 2008–2015 was 6 and this was reported in
2011 (1), 2013 (3) and 2014 (2). For April 2008–2015, the number of the occurrence
was 8 and these were reported 2008 (1) and 2009 (1), 2013 (1), and 2014 (5). In
the month of May 2008–2015, the reports recorded were 4 and these were 2011
(2), 2013 (1) and 2014 (1). For the month of June 2008–2015, the number of the
reports was 2 and these were reported 2013 (1) and 2014 (1). July 2008–2015 there
was no record of storm reported. For August 2008–2015, the report recorded is 1
and this happened in 2014. For September 2008–2015 the report recorded was 1 this
happened in 2010. For October 2008–2015, no occurrence of the stormwas reported.
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For November 2008–2015, the report recorded was 1 and this happened in 2013 and
lastly, December 2008–2015, no incidence of the storm was reported (Fig. 20.2c).

Figure 20.3c and Table 20.3 depict the monthly reports on the flood in vanguard
newspaper from 2008 to 2015. The records in the month of January 2008–2015 was
0 meaning there was no flood occurrence in the month of January. The report for
February 2008–2015 was 0 and this means no occurrence was reported. For March
2008–2015, there was also 0 report that is no reported of any of the extreme weather
events was reported. For April 2008–2015, the number of the occurrence was 2 and
this was reported 2012 (1) and 2013 (1). In the month of May 2008–2015, the reports
recorded were 5 and these were reported in 2011 (2), 2013 (3). For the month of June
2008–2015, the number of the reports were 7 and these were reported 2008 (2), 2011
(2), 2012 (1), 2013 (1) and 2014 (1). July 2008–2015, the reports recorded were 19
and these were reported 2008 (1), 2010 (3), 2011 (7), 2012 (4), 2013 (1) and 2015
(3). For August 2008–2015 the reports recorded were 16 and these happened in 2010
(2), 2011 (4), 2012 (5), 2013 (4) and 2014 (1). For September 2008–2015, the reports

Fig. 20.3 Rainfall patterns in the study area and monthly reports on storms between the years
2008–2015. a represent Monthly rainfall (Climatology data), b and c are reported cases of storms
in Punch and vanguard newspaper respectively
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recorded were 16 these happened in 2008 (2), 2009 (3), 2010 (1), 2012 (6), 2013
(3), and 2015 (1). For October 2008–2015 the reports recorded 21 these happened in
2008 (1), 2009 (2), 2010 (1), 2011 (3), 2012 (6), 2013 (1), 2014 (1) and 2015 (7). For
November 2008–2015, the reports recorded were 3 and this happened in 2011 (2)
and 2013 (1). And lastly December 2008–2015, there was 0 report of flood events.
From Fig. 20.3, it can be seen that the month, with the highest record of the flood, is
July and this might directly sensitize people in finding ways to adapt to this events or
find a way of reducing this events. And also this results in building bridges in order
to pave way for flood so as to reduce loss of lives and properties (Fig. 20.3c).

Figure 20.3b and Table 20.4 depict the monthly reports on the storm in vanguard
newspaper from 2008 to 2015. The records in the month of January 2008–2015 were
1 and this was reported in 2013 (1). The reports for February 2008–2015 were 4 and
these 4 occurrences were reported in 2013 (1), 2014 (1) and 2015 (1). For March
2008–2015 was 4 and these were reported in 2008 (1), 2013 (1) 2014 (1) and 2015
(1). For April 2008–2015, the number of the occurrences were 9 and these were
reported 2008 (1), 2009 (2), 2010 (2), 2013 (2), and 2014 (2). In the month of May
2008–2015, the reports recorded were 5 and these were 2009 (2), 2012 (1) and 2013
(2). For themonth of June 2008–2015, the number of the reports was 2 and thesewere
reported 2008 (1) and 2013 (1). July 2008–2015 there was 1 record of storm reported
in 2008 (1). For August 2008–2015, there was no report on the storm (Fig. 20.3). For
September 2008–2015, the report recorded was 2 these happened in 2011 (1) and
2013 (1). For October 2008–2015, there was just only 1 report in 2008 (Table 20.4).
For November 2008–2015, there was no report and lastly, December 2008–2015, no
incidence of the storm was reported (Fig. 20.3b).

Generally, the months with the highest reported cases of flooding correlate with
months with the highest rainfall amount. Rainfall in the study area usually has two
peaks: in the month of June/July and September (Figs. 20.2c and 20.3c). Thus,
flooding incidence occurred mainly in the months of June/July and September as
reported in both newspapers while Storms were commonly reported at the beginning
of rainy seasons, mostly in the months of April (Figs. 20.2b and 20.3b).

Comparison of the Media Information with the Actual
Extreme Weather Events Data from the National Emergency
Management Agency (NEMA) for the Year 2001

The results of specific date of occurrences of extreme weather events, obtained from
the archives of National Emergency Management Agency (NEMA) were compared
with the reported weather events in the media. It is apparent from the study that
the information from NEMA captured what happened in reality and the date of the
occurrence. The highlighted/underlined date in red color was used in this research
work because they showed the exact date of the occurrences (Table 20.5). The fol-
lowing steps were taken to compare themedia information with the information from
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Table 20.5 Reported cases of extreme weather events by NEMA

State L/Gov. Disaster Date Damages No. of people
affected

Abia Arochukwu Rainstorm Jul-01 Houses 500

Adamawa Toungo Armed
banditry, flood

April Houses,
farmland

500

Akwa
Ibom

Uyo,
Okorottes
Ikot

Flood,
rainstorm

Mar-01 367 houses 4000

Anambra – – – – –

Bauchi Zaki,
Gamawa,
Misau,
Shura, Kirfi,
Toro,
Akaleri
Katagun,
Tafawa
Balewa,
Bauchi

Fire and
windstorm
religious crisis

January and
April

1468
houses,
1218 fire,
250
rainstorm

2000 persons

Bayelsa Tombia
Ekpetem
Kauna
Igbedi, Ogu,
Trofami

Flood March Houses,
farmland

300

Benue Daudo Local
Govt

Communal
clash

May/June Houses,
farmland

72,000
persons

Borno – Fire and flood – –

Cross
River

Bakassi Fire disaster at
Atabong town

9 and 10th
February
2001

Houses 3000

Delta Ndokwa
West, Isoko
South, Isoko
North, Asaba

Flood,
rainstorm,
flood, rainstorm

15/3/2001;
1/4/2001;
25/2/2001

Houses,
farmland

554

Ebonyi Nil – – – –

Edo Owan East
and West,
Estsako West

Flood
and/rainstorm

Mar-01 560 houses
destroyed

820 persons

Enugu

(continued)
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Table 20.5 (continued)

State L/Gov. Disaster Date Damages No. of people
affected

Ekiti Ekiti West,
Ido-Osi,
Ise-orun,
Ikere,
Ilemeje,
Ikole, Moba,
Oye

Rainstorm and
flood

1/4/2001 890 houses
destroyed
and public
schools

2100 persons

Gombe Nil – – – –

Imo Orsu Rain/windstorm 17/4/2001 1000 houses
destroyed,
150 electric
poles,
40,000 oil
palm

Jigawa Jahun,
Kiyawa,
Birnin Kudu,
Auyo, Miga,
Taura

Flood, fire,
windstorm,
flood

March,
April,
August

Farmlands,
houses
animals

450; 150

Kaduna Kaduna
North and
South, Soba,
Zaria,
kachia,
Kafancha

Fire, rainstorm,
windstorm;
communal
clash

Apr-01 Houses,
lands,
vehicles

1300

Kano Bebeji, Kura,
Kano, Bichi,
W, Wudil,
Garko,
Takai, Gaya,
Albasu

Flood, fire and
windstorm,
communal
clash

House,
schools,
animals

20,445

Katsina Katsina,
Zango,
Baure and
Funtua

Fire, windstorm March/April House,
lands

900

Kebbi – – – – –

Kogi Katsina,
Zango,
Baure and
Funtua

Flood, fire,
rainstorm

March,
April, May

Houses,
schools,
farmlands

1500

Kwara – – – – –

Lagos – – – – –

(continued)
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Table 20.5 (continued)

State L/Gov. Disaster Date Damages No. of people
affected

Nasarawa Obi, Keana,
Awe, Lafia

Communal
clash

12 June,
2001

Houses,
business
premises,
vehicles

30,000

Niger – – – – –

Ogun – – – – –

Ondo Owo Rainstorm 28/29 April,
2001

Houses,
schools

800

Osun Ifelodun,
Ilesa-West,
Ilesha-East,
Boripe,
Ife-North,
Ife-Central
Obokun

Rainstorm 27th April,
2001

About 1700

Oyo – – – –

Plateau Jos North,
Jos South

Communal
clash

Sep-01 Houses,
places of
worship,
shops,
vehicles
burnt

250,000

Rivers Obua Odua
Ogu/Bolo

Communal
clash

1999,
February
May,
September

300 houses
destroyed
550 ha
destroyed

30 people

Sokoto Rabah,
Wamakko,
Isa, Wumo,
Ture,
Silame,
Gada Yabo,
Gwadabawa
Sokoto,
Goronyo
North,
S/Bimi,
Gambuwal;
Shagari

Flood, Quelea
birds fire and
windstorm

Jul-01 Houses,
farm areas
damaged

16,000

Taraba – – – – –

(continued)
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Table 20.5 (continued)

State L/Gov. Disaster Date Damages No. of people
affected

Yobe Potiskum,
Damaturu,
Jakusko,
Gedam,
Damaturu,
Tarmawa,
Busari,
Nguru

Fire, drought
flood

April, 2001
20th
September

Houses,
razed
houses,
farms,
submerged,
animals
killed

2000–88,000

Zamfara Talata
Mafara,
Gusau

Flood July, 2001 Buildings,
submerged
farmlands
destroyed
properties
damaged

12,398

Fct Abuja
Municipal

Windstorm, fire 15th March
2001

Windstorm

Source NEMA

NEMA: (1) the date of the occurrence and the date were noted and (2) 3 major con-
secutive date were checked in both the vanguard and punch newspaper respectively
to confirm if these two media reported the occurrence.

The results of the analysis showed that none of the media effectually captured
the extreme weather events over the study periods. The majority of extreme weather
events were reported after more than two days of occurrences, though the probability
of dry spell at the on-set and towards the end of the rainy season is usually very high
in Northern Nigeria (Adeoye 1986, Usman and AbdulKadir 2014). It is evident
the results of this study that majority of extreme weather events were not properly
reported while some were not reported at all in Nigeria daily newspapers.

Previous studies have reported similar findings in other part of the world. Such
studies have reported floods, as in Nashville, Tennessee in early 2010, in Pakistan in
mid-2010, and in Australia in late 2010, were driven in part by the human-influenced
trend toward heavy precipitation (Greenough et al. 2001; Felton et al. 2013; Moore
et al. 2012;Anjumet al. 2012; Boening et al. 2012). Changes in large-scale patterns of
atmospheric pressure also contributed to the Pakistan flooding. Increasing flood risk
is now being recognized as the most important sectorial threat from climate change
in most parts of the world. For instance, the summer of 2002 in Europe brought
widespread floods, but was followed a year later in 2003 by record-breaking heat
waves and drought. In the summer of 2007, widespread flooding in central England
(the wettest since records began in 1766) was accompanied by drought and record-
breaking heat waves in southeast Europe (Trenberth 2005, 2011), This has prompted
public debate on the apparent increased frequency of extreme, and in particular, on
perceived increases in rainfall intensities (Ologunorisa and Tersoo 2006). Several
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studies have adduced extreme weather events to be the major cause of flood and
drought worldwide. Such studies include Ologunorisa and Tersoo (2006), Olagunju
(2015), Rosenzweig et al. (2001), Lesk et al. (2016), Sisco et al. (2016), Khan et al.
(2017) among others.Templeton and Scherr (1999) observes that beyond the effects
of erosion and demographic pressures on land, deforestation is another primary cause
of desertification. Other studies have identified the characteristics of extreme rainfall
that are associated with flood frequency to include duration, intensity, frequency,
seasonality, variability, trend andfluctuation (Rosenzweig et al. 2001;Olagunju2015;
Zhang et al. 2014; Thelma 2015; Gasse 2000). The interesting point to note in the
present study, however, is that the year to year variations in the news papers’ reports
are not only due to a year to year variation in the occurrence of extreme weather
events but might also be due to other reasons such as rising/shrinking awareness
about climate extremes, changes in political agenda of the newspaper.

Conclusion

This study aims at assessing rate at which newspapers report and communicate
extreme weather events resulting from climate change in Nigeria. The archives of
several newspapers were examined but only two major and widely read newspapers
outlets were fully assessed. The major findings of this study are that the extent of
reporting in vanguard was higher than that of the punch. Information of extreme
events for 2012 was not reliable when compared with NEMA reports and the report
from vanguard in the same year. The major implication of these results is that the
general populaces were not well informed about the occurrences of extreme weather
events around, although not many people in the country have enough money to pur-
chase dailies. In all the data collected vanguard has more information than the punch.
The findings from this study showed that Vanguard newspapers have highest reports
on extreme events than the Punch newspapers. The total article of extreme weather
events reported by Vanguard newspaper was 118 and that of the Punch newspaper
was 78 over the period. The percentages of specific extreme events reported dur-
ing the study period by the Vanguard are—Flood (75.42%), Rainstorm (21.19%),
Windstorm (3.39%), but no report for thunderstorm and drought. While the Punch
reported 66.67% of Flood cases, Rainstorm (28.21%), Windstorm (3.84%), thunder-
storm (1.28%), but no report for drought. This demonstrates that Vanguard paid more
attention to extreme weather events in the country and thus sensitizing the public
about weather events. Finally, the data collected from NEMA for 2001 was used
to compare the report from the two top national Newspapers for 2001. The results
showed that extreme weather events report is not properly described because what
happened in reality were not captured by most of national dailies.

The results of the study showed that there are some extreme weather events that
do occur in reality with great impacts but not reported at all in the two newspapers.
An example of such is drought; there were very low reported cases of dry spell
and prolong dry seasons (drought) over the study periods. This maybe due to the
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fact that the impacts of this event are mostly felt by selected population, mainly the
farmers. They are majorly the rural people with low living standard and high level
of poverty. Also, cases of thunderstorm was not reported at all in the vanguard, thus,
public reading may not be aware of this occurrence in their surrounding area. For
example, the results for Punch 2012 showed only 1 occurrence of extreme weather
event throughout the whole year while vanguard reported 27 of extreme weather
events. Despite low in the reported cases of extreme weather events resulting from
climate change as presented in this study, actions should be taken to sensitize and
educate (Ayanlade and Jegede 2016) the public about the climatic extreme events,
which is frequent nowadays as an evidence of change in climate.
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Chapter 21
Climate-Indexed Insurance as a Climate
Service to Drought-Prone Farmers:
Evidence from a Discrete Choice
Experiment in Sri Lanka

D. V. P. Prasada

Abstract The droughts of 2016–2017 caused nearly 25% reduction in harvest and
nearly 30% reduction in the area cultivated in Sri Lanka. As a result, renewed atten-
tion is being paid to farmer income smoothing and adaptation strategies, among
which insurance contends as one of the more viable solutions. This study assesses
the willingness to pay for a climate-indexed agricultural insurance package through a
discrete choice experiment.Weuse the ‘stated preference’ approach by offering farm-
ers choice scenarios constructed as a fractional-factorial assignment. The attributes
include the coverage area forweather index calculation (village, divisional-secretariat
area, or district), the managing authority for the insurance scheme (government, a
commercial bank, or an agribusiness company), the method of calculation of com-
pensation (fixed rate, based on cost of inputs or based on the value of output/revenue)
and the premium per term (at three levels). We analyzed a total of 2583 choice sce-
narios evaluated by 287 individuals using a conditional-logit model and estimated
the ‘marginal willingness to pay’ (MWTP) for each attribute. The results of the
choice experiment reveal the following. The smaller-sized administrative area level
is preferred by respondents as a reference area for weather-index calculation while
the government is preferred as the managing authority. The revenue-based compen-
sation approach is preferred as the method of calculating compensation. Negative
MWTP was observed for larger area indices and for insurance administered by an
agribusiness company. The MWTP for revenue-based compensation is LKR 326
while the MWTP for fixed rate compensation schemes is LKR -420.
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Introduction

Climate services encompass diverse activities and processes (Vaughan and Dessai
2014). This is why the World Climate Conference in 2009 called for an “interna-
tional framework for climate services that links science-based climate predictions
and information with the management of climate-related risks and opportunities
in support of adaptation to climate variability and change” (GFCS 2017). Climate
finance comes under climate services as it involves the use of climate knowledge
and information in decision-making and climate-smart policy and planning. Climate
insurance, especially when it is weather-indexed, translates climate information into
an economic tool targeting risk mitigation and income smoothing.

In low income settings where farming is the main livelihood, climate change
presents significant threats to livelihoods. Conventionally, farmers respond to climate
induced shocks through crop diversification, crop rotation and water sharing. But
the relative efficacy of these responses has been poor and they have not generated
sufficient income safeguards. In the absence of suitable risk management options,
farmers tend to adopt unsustainable and environmentally hazardous practices such
as overuse of agrochemicals, misuse of water resources, and excess postharvest
treatment of agricultural produce as coping strategies (Panda et al. 2013).

There are similarities between the adoption of climate services and that of other
technologies. As is the case with the penetration of any other service, reception of
the service among the intended beneficiaries depends on the demand for various
attributes of the service. We adopt a choice experiment methodology in this study to
investigate the factors contributing to farmer adoption of climate-indexed insurance
as a climate service. The special focus of the study is the effectiveness of climate-
indexed insurance in smallholder agriculture in Sri Lanka. For this purpose, a sample
of locations covering five agro-ecological regions was randomly targeted. After cal-
culating the sample size needed to match the dimensions of the choice experiment,
we approached 300 farmers of whom complete choices were available for only 287
participants.

The Role of Insurance as a Climate Service

Weather-indexed insurance instruments moderate the yield and income risks of farm-
ing resulting from climate and weather variations. Only a few climate services are
able to address the mismatch between information and revenue shocks as clearly as
climate insurance.

The exposure to risk even at the subsistence and smallholder levels is too large
to ignore. In a survey-based analysis, Rosenzweig and Binswanger (1993) reported
that smaller and poorer farmers in a semi-arid region in India sacrificed 27% of their
expected income to reduce risk. Further evidence on the limitations of traditional
risk management tools can be seen in the long-standing poverty traps in smallholder
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agriculture. While poverty traps do not spring entirely from climate risk in farming,
they are indirectly perpetuated by the inadequacy of traditional risk mitigation meth-
ods. As such, income smoothing instruments such as insurance can play a significant
role in the climate service landscape.

Farmer adaptation to climate change can takemany forms. One potential approach
is to introduce strategies that can help mitigate output and price risks. A key policy
issue is how such risk mitigation strategies are to be financed. Government inter-
ventions often come in the form of subsidies for climate services and compensation
for climate-induced harvest losses. In either case, the cost of intervention is borne
by the tax payer, leading inevitably to welfare losses. In contrast, privately-financed
insurance schemes can be deemed as market-based climate services.

Additionally, Climate Indexed Insurance (CII) solves key problems related to
traditional indemnity-based insurance making the transaction costs of CII consid-
erably lower relative to traditional insurance (Tadesse et al. 2015). This makes CII
schemes attractive to private insurers. From the client’s (i.e., farmer’s) side, CII is
more transparent than traditional insurance. In addition to its direct role in man-
aging risk and uncertainty, insurance instruments will also help smooth household
agricultural income.

Agricultural Insurance in Sri Lanka

The first experimental crop insurance scheme in Sri Lanka was established in 1958
as a pilot project covering rice cultivation only. The scheme was legislated under the
Crop InsuranceActNo. 13 of 1961. The scheme covered 26,000 acres of paddy in five
districts (out of a total of 25 districts). The experience during the first 15-year period
was quite favorable. By 1973, 16% of the total area cultivated with paddy had been
insured under this scheme for the two cultivating seasons (Sandaratne 1974). The
penetration of insurance has, however, fallen since then to an overall 4% according
to government statistics (AAIB 2015). The extent of the paddy area under voluntary
insurance as a percentage of the area cultivated is recorded at 1% by the Agricultural
Insurance Board of Sri Lanka (Fig. 21.1).

The Crop Insurance Board was established in 1973 under the Parliamentary Act
No. 27 of 1973 (Agricultural Insurance Law No. 27 of 1973) to operate a compre-
hensive agricultural crop insurance scheme covering all major crops and livestock. In
the case of rice and other crops, insurance protection was provided against drought,
floods, disease, insect infestation, and damage by wild animals as well as losses
incurred due to non-adherence to approved methods of farming recommended by
the Department of Agriculture. This scheme was partially subsidized with the Gov-
ernment of Sri Lanka (GoSL) bearing the administration costs. The other objectives
were to stabilize farmer incomes, thereby promoting agricultural production while
undertaking at the same time research for the promotion and development of agri-
cultural insurance. Other crops like green gram, cowpea, chili, and soya bean, even
livestock, especially cattle and poultry, came under the program in 1985. The total
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Fig. 21.1 Insurance penetration (percentage of the paddy cultivated area) in the two cultivation
seasons: Yala (May–September) and Maha (November–February). Source data Agricultural and
Agrarian Insurance Board Annual Reports

area under insurance cover increased to 200,000 acres. A large percentage (85%)
of the total acreage insured was paddy. The coverage of agricultural insurance was
further expanded by the Agricultural and Agrarian Insurance Board (AAIB) Act No.
20 of 1999 which had the objective of running the scheme on a self-financed basis.

Although paddy insurance is compulsory under Section 11 of the Agricultural
Insurance Law, insurance subscription remains effectively voluntary, with participa-
tion by farmers hovering around 10%. Indeed, the area under crop insurance was
only about one percent of the total paddy lands in 2005. But the direct focus of the
Amendment to theAct in the 1999Agricultural InsuranceActwas tomake provisions
for private sector involvement in crop insurance. However, the intended outcome has
not been achieved since there has been no private sector participation except for one
general insurance company.

As mentioned above, in the case of Sri Lanka, crop insurance has mainly targeted
rice which is the staple crop of the country. Paddy/rice insurance covers the total or
partial loss of yield due to flood, drought, plant diseases, pest damage, and damages
by wild animals. The period of insurance covers the span from the date of planting
to the date of harvest of the crop. The coverage and the premium vary depending on
the risk level and the land class (i.e., whether under major irrigation, minor irrigation
or rain-fed systems). The three tiers of risk exposure has been classified and the
premium rate of low risk is set at 5% of the coverage, medium risk at 7.5% of the
coverage and high risk at 10% of the coverage. The calculation of indemnity has
been based on the cost of cultivation under each land class. Under major irrigation
schemes, the insurance coverage has ranged between LKR 10,000 and LKR 15,000
per acre while the premium rates have varied between LKR 500 and LKR 750 per
acre.
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Review of Literature

Crop insurance is not a new topic in the wider development discourse. However, its
role as a climate service is rather new. Even when insurance options are present, the
uptake by poor farmers is low. Insurance solutions may not be very popular because
farmers relymore on traditionalmethods of averting risk. But given the inadequacy of
traditional solutions, the question is why insurance is not adopted in the agricultural
sector in parallel to its extensive use in other areas of economic activity. Insurance is a
market-based service carrying important economic and behavioral properties that are
indispensable in a modernized agricultural sector. For this reason, the unwillingness
to adopt insurance, especially in smallholder agriculture has been identified for long
as a concern requiring attention by policy makers and the business community alike.

The role that insurance can potentially play can only be understood if placedwithin
the broader context of financial management in smallholder agriculture. Insurance
markets do not function in isolation. Instead, they are closely linkedwith the function
of credit. Farm households, especially smallholders, do not make adequate invest-
ments due to difficulties in accessing credit from formal credit suppliers such as
banks. This, in turn, limits the capacity of smallholders to link to other financial
services such as insurance. On the other hand, those who do have access to insurance
are unwilling to seek credit because the collateral requirements would expose them
to further risk. Thus, under-developed insurance markets trigger a vicious cycle of
under-investment, poor productivity and rural poverty (Boucher et al. 2008).

Indexed insurance has a long history in crop insurance where specific periodic
droughts can affect the lifecycle of the total crop (Hill et al. 2013). An indexed insur-
ance contract makes the agreed payout to beneficiaries whenever the data source
indicates that the index reaches the insurance activation level. In traditional insurance
schemes that cover crop losses owing to climate-related damages, an insured farmer
receives compensation for the verifiable loss at the end of the growing season (Barnett
and Mahul 2007). Unlike traditional insurance, which makes payouts based on sepa-
rate assessment of client claims, index-based insurance pays out based on an external
indicator that triggers payment to all insured clients within a geographically-defined
space (Chantarat et al. 2013). Linking indemnity payments to external indicators
eliminates the need to verify claims. Verification of claims is costly in low income
farming environments (Barnett and Mahul 2007). The most significant downside in
traditional schemes is the verifiability and delay in processing the claim. In a climate-
indexed insurance setting, while the scope of insurance is limited to climate-induced
losses compared to traditional crop insurance, it has a clear advantage with regard to
verifiability and promptness of claim settlement.

When clients have only lowormodest assets, the exogenous determination of com-
pensation mitigates the information asymmetries associated with traditional insur-
ance products, i.e. moral hazard and adverse selection. The relativemerits of climate-
indexed insurance in comparison with traditional insurance thus give it an edge in
the context of smallholder agriculture and fisheries.
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Observing farmer preferences for different attributes of a climate-indexed insur-
ance scheme is not always possible in rural settings where the rates of insurance
adoption are low and general payout rates are high. Moreover, in almost all cases,
existing insurance services function as part of a larger package of farmer support.
Therefore, it is impossible to collect observational data with suitable variations in
insurance service agreements.As an alternative, choice experiments canbe conducted
to analyze preferences for hypothetical contract features.

Several choice experiment studies have examined farmer attitudes towards cli-
mate insurance in high income countries (Liesivaara and Myyrä 2014). These stud-
ies consider the insurance premium, deductible, type of verification, and level of
expected indemnity as attributes. The focus on the deductible is motivated by the
EU legislation,1 its emphasis especially on the nature of the deductibles in the light
of high subsidization of crop insurance premiums. These studies reveal that both
the deductible and the expected indemnity had a major effect on the willingness of
farmers to pay for crop insurance. Other key determinants identified in the literature
include trust (Cole et al. 2013), effect of client group size on collective insurance pur-
chase (Wollni and Fischer 2015), and information on payment trigger mechanisms
in the case of climate insurance (Elabed et al. 2013).

As discussed above, climate-indexed insurance has clear advantages. However,
adoption rates by smallholders depend on the insurance package being designed in a
locally relevant and an incentive-compatible manner (Marr et al. 2016;Wairimu et al.
2016). Any analysis of client needs in a climate-indexed insurance package should
take into account the potential trade-offs between the attributes and levels faced by
the farmer. The failure of previous trials of farmer insurance has been mainly due to
the poor design (i.e. lack of customized packages) and targeting.

Methodology

In designing the choice experiment, we carried out a preliminary literature survey and
a series of focus group/key informant interviews to validate the relevant attributes and
their levels. A key element of an index-based insurance package is the measurement
of climate indicators that trigger the payout.Wechose the sample sites for carryingout
the study after considering the agro-climatology and land use patterns of Sri Lanka.
The following geographical locations were selected as the primary study locations
based on agro-climatology2: Polonnaruwa, Ampara, Batticoloa and Hambanntota
in the Dry Zone, Matara and Kurunegala in the Intermediate Zone, and Galle and

1EU. ‘Regulation (EU)No1305/2013of theEuropeanParliament andof theCouncil of 17December
2013 on support for rural development by the European Agricultural Fund for Rural Development
(EAFRD) and repealing Council Regulation (EC) No 1698/2005’ (2013).
2Three main climatic zones have been identified in Sri Lanka, demarcated mainly based on annual
precipitation: Dry Zone (less than 1000 mm); Intermediate Zone (between 1000 and 2500 mm);
Wet Zone (above 2500 mm).
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Matale in the Wet Zone. We obtained participation of a total sample of 287 farmers
in the choice experiment.

Four attributes of an insurance scheme were tested in the discrete choice
experiment:

a. Premium
b. Reference spatial boundary for measurement of climate/weather indicator (i.e.,

index)
c. Method of calculating compensation
d. Institutional authority managing the insurance scheme.

We assigned three levels to each attribute based on feedback from focus group
discussions and key informant interviews. The premium was set at three levels: LKR
200, 400, or 600. The range of values wasmotivated by the subsidized rate applicable
to the insurance premium bound upwith the fertilizer subsidy as there is no precedent
in terms of a standard insurance premium in the Sri Lankan context. The insurance
program attached to the fertilizer subsidy is active at a payment of LKR 350 and is
applicable up to a maximum compensation of LKR 10,000 per acre per season.

The weather index selected was the rainfall index which is the most common
indicator of climate variability in tropical settings. The levels of the second attribute
refer to the size of the reference area for which the weather index is calculated.
The smallest unit was the Grama Niladari Division (GND), corresponding to the
command area coming under the local government administrative officer, which
typically covers approximately 1500 individuals in Sri Lanka. Historically, a GND
area corresponded to a single village. The second unit constituted the Divisional
Secretariat area which is an administrative service area catering to approximately
50,000 individuals. In terms of the land area, this is approximately the size of a small
township having a5–8kmradius. The largest reference area type is theAdministrative
District, which has no natural or social boundary but usually comprises around 10
Divisional Secretariat (DS) divisions within it. In the public administration structure
of Sri Lanka, this is the functional unit of administrative and policy decisions.

The compensation in traditional agricultural insurance is calculated using an
indemnity approach. When index insurance is introduced, the determination of com-
pensation has to take an alternative basis. The third attribute of the choice scenario
refers to the method of determining maximum compensation. Levels include a fixed
cap for compensation, compensation calculated based on the cost of production or
compensation based on forgone revenue (or value of output).

The fourth attribute considers the type of institution that is managing the indexed
insurance. The levels include the government (usually the Agrarian Insurance Board
or the Department of Agrarian Services), an agribusiness company, or a commercial
bank. The public has experience of all three parties when it comes to provision of
indemnity-based insurance.

The experimental design included a ‘four by three’ design generating 81 choice
alternatives. The implementation of the experiment followed a fractional factorial
design in order to reduce the cognitive burden on the respondent while maintaining
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Table 21.1 Summary
statistics of key variables

Variable Mean Std. Dev.

Gender (female = 1) 0.26 0.44

Age 52.74 12.08

Education level 3 1.02

Monthly income (LKR) 32,741.37 25,185.87

Acreage cropped (acres) 2.41 2.33

Ownership (private = 1) 0.79 0.40

Distance to market (km) 6.45 7.97

Early planting (incidence) 0.23 0.42

Early harvesting 0.16 0.37

Irrigation availability 0.41 0.49

Awareness (weather insurance) 0.66 0.47

Previous insurance exposure 0.41 0.49

Perceived climate impact (ratio) 0.75 0.43

adequate degrees of freedom for estimating the main effects. The number of choice
scenarios evaluated by each respondent thus came down to nine scenarios.

Sample Selection and Data Collection

We selected the farmers randomly after selecting the locations based on agro-
ecological variation. The study area covers paddy/rice cultivation and, to a lesser
degree, other field crops. The type of cropping activity was mainly categorized as
annual/short term mono-crops. The study adopted a data collection framework cov-
ering the varying agro-climatic conditions as broadly as possible as the main objec-
tive was to test the acceptance of climate-indexed insurance services with wider
agro-ecological relevance in terms of accuracy and farmer coverage. The sample
represented all three main agro-climatic zones of the country. Table 21.1 lists the
descriptive statistics of the key variables.

Distribution of Key Indicators of Farmer Behavior Over
the Five Agro-Ecological Regions in the Sample

As previously mentioned, in obtaining the sample of respondents, we targeted the
dominant agro-ecological regions of the country in order to ensure that the results
were generalizable. Sri Lanka has three climatic zones (Wet, Intermediate and Dry)
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and the total land area is delineated into 24 agro-ecological regions.3 Each agro-
ecological region represents a particular combination of climate (mainly rainfall),
soil and relief (Panabokke 1996). We considered five of the most agriculturally
relevant agro-ecological regions, namely DL1 and DL2 in the Dry Zone, IL1 in the
Intermediate Zone and WL3 and WL4 in the Wet Zone. The dominant crop mix
of these zones generally depends on the pattern of precipitation and topography.
DL1 and DL2 are low-lying areas of the Dry Zone that receive significant seasonal
precipitation. Compared to the rest of the Dry Zone, in these two zones, both the flat
topography and the intense monsoon exposure enable cultivation of paddy and other
field crops at least during one season per year. On the other hand, WL3 andWL4 are
the drier regions of the low-lying lands of the Wet Zone. In comparison, other Wet
Zone areas receive rainfall exceeding the levels suitable for paddy and other field
crops. IL1, again, is the more widely spread low-lying area of the Intermediate Zone
enabling rainfall-based cultivation in at least one season. The differences within were
mainly differences in soil types. For instance, the difference between the DL1 and
DL2 is based on soil type: DL1 is dominated by reddish brown earths and DL2 is
dominated by non-calcic brown soils.

Proactive Responses in Terms of Date of Planting and Harvesting

One of the noticeable examples of adaptation to climate-induced shocks, mainly in
rain-fed open-field cultivation contexts, is change of timing of planting as farmers
have more flexibility with the planting date than the harvesting date. But under rain-
fed conditions, early harvesting is practiced by certain farmers in anticipation of
drought shocks. Thus, the plan is to have the shock occur in a less vulnerable stage
of the annual crop’s duration. Early or delayed planting also could be a response
by farmers to anticipated market conditions. Figure 21.2 displays how these two
decisions varied across the agro-ecological regions considered.

Degree of Resilience to Climate Shocks

One criterion determining the willingness to purchase insurance is farmers’ belief of
the speed of recovery from a climate shock. The survey enumerated farmer expecta-
tions regarding the speed of recovery after a climate-related shock. The speed of
recovery from a shock is not conditional on the agro-ecological identity. Agro-
ecological variation of early recovery (within 1 year) and late recovery (within
2 years) appear similar (see Fig. 21.3).

3There was a reclassification into 46 agro-ecological regions in 2003 after subdividing some of the
initial agro-ecological regions of the 24-part classification.
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Fig. 21.2 Early planting (left) and early harvesting (right) decision by agro ecology
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Fig. 21.3 Perceived potential to recover from climate-related crop loss within one year (left) and
between 1 and 2 years (right)

Familiarity with Insurance Solutions as a Climate Service

It is noteworthy that Dry Zone farmers identified agricultural insurance as a priority.
The farmers in other agro-climatic areas who did not give the same priority to it
(see Fig. 21.4). However, when asked about their familiarity with weather-indexed
insurance, farmers from all the five agro-ecological areas displayed knowledge about
indexed insurance. The Dry Zone farmers’ knowledge of weather-indexed insurance
is weaker than their knowledge of general crop insurance.
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(A) Agricultural insurance as a priority (B) Weather-indexed insurance as a priority 
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IL1 WL4
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DL1 DL2
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WM3

Fig. 21.4 Importance of agricultural insurance (a) and weather-indexed insurance (b) by agro-
ecological region

Descriptive and Analytical Results

Land Use Characteristics of the Sample

The respondents who will potentially benefit from an insurance framework are pre-
dominantly smallholders who are often sidelined in the formal financial sector. Since
the sample selectionwas randomwithin selected agro-ecological areas,we conducted
an analysis to see the land holding size of the farmers who participated in the experi-
ment. Figure 21.5a plots the distribution of acreage cultivated by farmers. The mean
value of land size is 2 acres.

Figure 21.5b looks at the mean land size by agro-ecological region. The low-
land Dry Zone has a mean land size of 3 acres while the mean land holding is
approximately 1 acre in the Intermediate and Wet Zones where pressure on land due
to other land uses is high.

The landholdings referred to above were not necessarily all privately–owned land.
Figure 21.6a gives the breakdown of ownership. As seen, the majority of the farm-
ers were cultivating their own holdings while the rest were either renting land or
cultivating government-owned land.

As seen with regard to the mean land holding size, the higher pressure on land
in the Wet and Intermediate Zones has resulted in a better property rights regime as
evident from the] significantly higher prevalence of private deeds (Fig. 21.6b).

A wide variety of crops were observed across the sample. Except in the case
of the Dry Zone, home-garden-based vegetable cultivation was observed across the
agro-ecological regions. Figure 21.7 gives the crop distribution in the sample. Given
the relatively large extent of land cultivated (approx. 1 million ha), paddy is the crop
which is primarily targeted in insurance schemes.
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Fig. 21.5 a Land holding size (in acres). b Average land holding size by agro-ecological region

Socio-economic Profile of the Respondent Farmers

The respondents declared their occupational identities as either fulltime farmers or
part-time farmers or as those employed in the public/private sectors or self-employed.
Part-time farmers are those who practice agriculture as an additional income genera-
tion method or as a family food support strategy. Figure 21.8 displays the vocational
commitments of the respondents. A large majority of the respondents are full-time
cultivators while part-time cultivators constitute approximately 20% of the sample.

The agricultural income of the respondents is based on self-reported values. We
observed varying levels of income with no clear central tendency. However, it was
evident that 90% of the sample had a monthly income less than LKR 50,000 (approx.
USD 300) with the most frequent value being LKR 30,000. Figure 21.9a displays
the distribution of income in the sample.

We treated the utilization of income separately in terms of expenses and sav-
ings. The data shows that farming households operate on a balanced budget while
the management of household finances did not seem all that much different across
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Fig. 21.6 a Nature of land ownership. b Land ownership status by agro-ecological region

various agro-ecological regions. On average, Dry Zone farmers reported higher rev-
enues (Fig. 21.9b) compared to the revenues reported by Intermediate and Wet Zone
farmers.

Financial Penetration

The financial exposure of farmers is a key variable of interest in the present study.
We surveyed the sources of capital for agricultural investments made by each farmer.
The results are summarized in Fig. 21.10a. The most common source of capital for a
majority of farmerswas their own savingswhile the secondmost common sourcewas
lending from banks and other financial institutions. The third most common category
constituted investmentsmade by agribusiness companies with farmers under forward
contracting arrangements. But it is to be noted thatwhile forward contract agreements
are widely observable in the field, the survey data shows that these contracts do not



436 D. V. P. Prasada

0

50

100

150

200

250

300
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Fig. 21.8 Occupational identity of the respondents

carry a significant investment by the agribusiness companies. Even when inputs
are provided by agribusinesses, it is on a credit basis while the costs are eventually
recovered by the firms. Therefore, the forward contracts are largely limited to buying
agreements for farm output.

When we disaggregate the source of funds by agro-ecological zone (Fig. 21.10b),
external investments are predominantly observed in the Dry Zone settings. In Wet
and Intermediate Zones, savings and loans are the main source of capital.
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Fig. 21.9 a Monthly agricultural income variation among the respondents (LKR). b Variation in
monthly agricultural income, expenditure and savings among the respondents (LKR)

The level of savings (Fig. 21.11) provides evidence of the depth of household
accumulated capital. Although there was wide variation, almost all annual savings
were below LKR 250,000 (approx. USD 1600) with the most frequent value being
LKR 10,000.

Exposure to Insurance

The survey specifically enumerated the penetration of general insurance in order to
evaluate the financial literacy of the respondents in terms of their ability to com-
prehend easily the nature of the proposed insurance scheme. Figure 21.12 shows
the prevalence of life insurance in the sample, followed by other types of insurance
coverage (Fig. 21.13).



438 D. V. P. Prasada

0

50

100

150

200

250

own savings company
investment

bank loans

capital

DL1 DL2
IL1 WL4
WM3

DL1 DL2
IL1 WL4
WM3

DL1 DL2
IL1 WL4
WM3

(a)

(b)

Fig. 21.10 a Source of funds for agricultural investment. b Capital from savings (upper left),
agribusiness company investment (upper right), and loans (lower) by agro-ecological region

While a majority of the respondents lacked experience with insurance as shown in
Figs. 21.12 and 21.13, nearly all the respondents agreed that agricultural insurance
was important (Fig. 21.14).



21 Climate-Indexed Insurance as a Climate Service to Drought- … 439

0

5

10

15

20

20
00

48
00

60
00

90
00

12
00

0

15
00

0

20
00

0

25
00

0

36
00

0

48
00

0

60
00

0

84
00

0

12
00

00

20
00

00

25
00

00

Fig. 21.11 Variation in savings levels among respondents (LKR)

Fig. 21.12 Exposure to
life/health insurance
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Agricultural Risk Perception and Preferences for Climate
Services

The random sample of respondents came from farming settings under different types
of water availability. We found that the main agricultural water sources, namely,
large reservoirs, village tanks and only precipitation (i.e., rain-fed), were equally
distributed within the samples area (Fig. 21.15).
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Fig. 21.14 Attitudes and
opinions on the importance
of agricultural insurance
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Considering that farmers in the sample had exposure to all major sources of water
availability as seen in Fig. 21.15, we enumerate the perceptions of farmers towards
adaptation to climate-related risks when given several options to choose from taking
into account what is of relevance in their own circumstances. The four optional paths
listed in the survey included choosing crops with low irrigation needs, short term
crops, efficient irrigation technologies, and purchase of insurance to cover the risk.
Of the four paths, efficient irrigation technology was the most frequent choice while
insurance was the least frequent choice (Fig. 21.16).

We further ascertained how each farmer reacts to the potential of floods and
droughts. In this instance, farmers were given four options to choose from, namely,
changing the crop, early or late crop establishment, consulting a Farmer Organization
(FO), and consulting field extension officers (see Fig. 21.17). Their responses indicate
that FO opinion and extension advice were the most preferred.
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Fig. 21.16 Perception of the
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Estimates from the Discrete Choice Model

Analysis of discrete choices requires theoretically-founded estimation techniques.
Previous work on choice modeling has specific recommendations on the appropriate
methods. Conditional logit models (McFadden 1974) are the most appropriate when
the choice from among the alternatives is modeled as a function of the characteristics
of the alternatives rather than (or in addition to) the characteristics of the individual
making the choice. We adopt the conditional logit approach in this study.

Table 21.2 outlines the estimation of the conditional logit model for choice data.
The village is the base level for spatial area in measuring the climate index. As
seen, the data supports a negative willingness by farmers for weather indices bench-
marked at larger administrative areas, namely, the divisional secretary area and the
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Table 21.2 Results of the conditional logit estimation

Coefficient Std. error Z statistic P value

Alternative Specific Constant 4.181 0.310 13.470 0.001

Index reference—Divisional secretariat area −0.673 0.205 −3.280 0.001

Index reference—District area −1.872 0.287 −6.520 0.000

Bank-managed scheme −0.111 0.196 −0.570 0.571

Company-managed scheme −1.041 0.146 −7.120 0.000

Revenue-based compensation scheme 0.324 0.146 2.220 0.026

Fixed compensation scheme −0.416 0.111 −3.730 0.000

Price/premium −0.001 0.001 −1.900 0.058

Table 21.3 Marginal WTP
values

Marginal WTP (in LKR)

Index calculation on Divisional
Secretariat area

−678.9

Index calculation on District area −1889.1

Bank-managed scheme −112.2

Private company-managed scheme −1050.5

Revenue-based compensation 326.9

Fixed compensation −420.1

district boundary. In terms of the management of insurance schemes, there is over-
whelming support for government-managed programs (which is the base preference)
against private company- or commercial bank-managed schemes. In terms of how the
compensation is calculated, the respondents display negative willingness for fixed
compensation schemes (where the maximum payout is predetermined or fixed at the
beginning of the contract). Instead, there is a statistically significant positive willing-
ness towards a revenue-based compensation scheme. The base level of this attribute
is compensation calculated based on the cost of inputs. We obtain negative values
for the coefficient for the rate of premium, as should be expected for the sign for the
price attribute.

Table 21.3 outlines the marginal willingness to pay (WTP) values estimated
for each of the above levels calculated in terms of LKR. The calculations refer
to the base scenario of village-level indexed, government-managed, and cost-based
compensation schemes.

Limitations

Discrete choice experiments have several limitations though they provide concrete
evidence of valuation. In the context of the present study, where the financial literacy



21 Climate-Indexed Insurance as a Climate Service to Drought- … 443

of the farmers is on average poor, it is not possible to ascertain the accuracy of their
understanding of how insurance premiums and compensations work and whether
they clearly understand the implications underlying the different levels specified
for each attribute. While this limitation is general to all choice experiment settings,
such variations in understanding among participants become especially acute in rural
settings.

As the policy environment for agricultural insurance happened to undergo a
change during the time-period when our field surveywas being carried, this too could
have affected the choices of the farmers, especially with regard to the price/premium
attribute. The price attribute was given equally-spaced levels of LKR 200, 400 and
600 at the outset. However, during the course of the study, a country-wide policy
was introduced to cover paddy lands for compensation of LKR 40,000 per acre for
a subsidized premium of LKR 650. Since this was widely advertised, the range of
premium levels that was incorporated in the choice experiment may have appeared
redundant to farmers. In otherwords, in light of the policy change, the values included
in the experiment may not have communicated to them a significant trade-off among
the three levels.

Conclusions and Implications

In a context where there is little understanding of the low uptake of insurance and
absence of insurance product suppliers targeting climate risks in agriculture, this
study contributes empirical evidence about the factors determining choices and the
utility associated with climate-indexed insurance in the case of small-holder faming
in Sri Lanka. The study sheds light on the key factors that determine such adoption.

We used four attributes to describe the indexed insurance package proposed.
These included index coverage area, managing institution, method of determining
compensation, and the premium. Results of the study indicate that farmers prefer the
smaller administrative division (as opposed to larger administrative boundaries) as
the reference area for weather-index calculation. They also prefer the government
(as opposed to banks and agribusiness companies) as the managing authority. The
revenue-based compensation approach (as opposed to a cost-based approach and
fixed compensation) is statistically significant as the preferred method of calculating
compensation.

The average negative marginal willingness-to-pay (MWTP) for an index based on
medium and larger administrative areas is LKR -678 and -1889 (USD 1=LKR 150),
respectively. In other words, the respondents have expressed a dislike for large area
indices.A similar significant dislike is recorded for schemesmanaged by agribusiness
companies as the MWTP for insurance administered by a private company is LKR
-1050. The results show that the MWTP for a revenue-based approach is LKR 326
while the MWTP for the currently-practiced fixed compensation schemes is LKR
-420. Thus, respondents, on average, have shown a preference for a small-area-
based rainfall index, a government-administered insurance scheme, and a scheme
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that compensates based on forgone revenue. The marginalWTP values are indicative
of the degree of preferences in monetary terms.

Given the fact that the liquidity of farmer finances in the event of climate-based dis-
asters is limited, the introduction of appropriate insurance tools would help mitigate
short-term liquidity issues. The credibility of indemnity-based insurance, which is
the conventional type of insurance, has long suffered due to lapses in damage assess-
ment and timeliness of compensation payment. In such a context, weather-indexed
insurance provides a viable alternative if it is targeted using the willingness-to-pay
estimates given above. The study thus highlights the potential of indexed insurance
uptake as a climate service if it is appropriately targeted. Farmers seem to grasp
the merits of indexing the weather events and measurement of the index in small
geographical areas as the desirable attributes of climate services such as insurance.
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Chapter 22
A Participatory Approach to Developing
Community Based Climate Services
in Zimbabwe: A Case Study of Uzumba
Maramba Pfungwe (UMP) District

Juliet Gwenzi, Emmanuel Mashonjowa and Paramu L. Mafongoya

Abstract Climate change is projected to intensify the problems already faced by
agricultural production systems. Tactical and strategic decisions are required to min-
imise agricultural losses while building resilience. Climate services focus on pro-
viding tailor-made climate information from grassroots levels. Therefore, this study
focused on understanding climate information reaching smallholder farmers in Zim-
babwe, the limitations and gaps, creating dialogue between scientists and climate
information users in agriculture and development of an end-to-end community based
climate services. A participatory approach was designed bringing together small-
holder farmers as the users of climate information, agricultural extension officers
and decision makers to identify extreme events and to develop guidelines for a scal-
able climate services in agriculture. Products developed were (a) a hot spot map of
extreme events, (b) customised climate information for agriculture that is action-
able and the establishment of a community weather observation hub. The study
showed that smallholder farmers have potential to boost available climate informa-
tion through observation and experience when actively involved. The use of climate
information improved their agricultural output.We recommend that establishment of
national climate services for agriculture be an iterative process that is continuously
developed with full participation of smallholder farmers.
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Introduction

Climate change is projected to intensify the problems already faced by agricultural
production systems. Sub-Saharan Africa (SSA) has been found to be highly vulnera-
ble to the impacts of climate shocks due to its overdependence on rainfed agriculture
with at least 63% of the population depending on agriculture (Fadina and Barjolle
2018). Climate change and extremeweather represent significant challenges to small-
holder farmers in developing nations (Vedeld et al. 2016) whose adaptive capacity
has been eroded by increased climate variability (Nhemachena and Hassan 2007).
In many of these countries, agriculture production is core to achieving food security
yet significantly weakened by the absence of support systems and policies favouring
smallholder farmers who are in the majority and who are often negatively impacted
by climate extremes. These farmers often occupy fragile land, are poorly resourced
and often miss out on technology transfer. Frequent droughts, unpredictable start of
season, shrinking length of growing season further exacerbate the situation. Some-
times, uncoordinated efforts in climate change adaptation, disaster risk reduction,
climate smart programs, for example, have not brought coherence to push sustain-
able development agenda that is all encompassing (O’Brien 2012) because there is
no ownership from the farmers. The degree to which farmers can adapt to climate
change and increased climate variability depends on their capacity to take actions that
lessen negative impacts on their agricultural operations (Antwi-Agyei et al. 2016).
The absence of actionable climate information, which can assist farmers in clear
short to long term decision-making increases their vulnerability to climate shocks
and therefore food insecurity remains inherent in such communities.

Zimbabwe’s economy is largely agro-based and agriculture is the main livelihood
for at least 80% of the population and contributing 21% to the Gross Domestic Prod-
uct (GDP) (ZIMSTAT 2014). By 2050, SSA is expected to experience a reduction
of 50% in maize production (Schlenker and Lobell 2010) while Zimbabwe maize
production is expected to reduce by at least 30% (Masanganise et al. 2012). This
calls for new approaches that harness available technologies such as climate services
in order to respond to climate shocks in a way that reduces loses in the agriculture
sector while maximising on benefits. Currently, the country uses seasonal climate
forecasts (SCF) as an entry point to using climate information. The SCF are generated
by the Meteorological Services Department (MSD) based on statistical relationships
between rainfall and sea surface temperatures. Oftentimes, the forecasts are given
for regions of large covariation but with different rainfall regimes and hardly at
micro-scale level. The forecasts are given as probabilities of occurrence (Mason and
Chidzambwa 2009) and, therefore, do not account for spatial and temporal variation
limiting the uptake of the forecasts (Gwenzi et al. 2016). To complement the SCF, the
MSD produces daily weather forecasts, a weekly rainfall bulletin and forghtnightly
agromet bulletin. However, the dissemination of the bulletins is limited to organisa-
tions and individuals who are able to pay a premium and the format in which they are
presented do not allow direct use by smallholder farmers. The SCF is generated using
a tercile method which yields three categories namely Above Normal (AN), Normal
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(N) and Below Normal (BN) given as probabilities of occurence. The lack of clear
and credible climate information has been highlighted as amajor barrier to adaptation
(Pasquini et al. 2013) thus creating bottlenecks in interventions to building resilient
agricultural systems (Patt and Gwata 2002). Climate information can actively influ-
ence important farm decisions and activities (Pennesi 2011) and provision of climate
information and services require robust systems with full participation of end users
in the co-production of the information (Stigter et al. 2013). Farm decision-making
requires climate information at different timescales ranging from daily to seasonal
forecasts.

Climate services refer to the dissemination of climate information for the pur-
pose of influencing decision making (Machingura et al. 2018). The importance of
climate information services have been recognised by the World Meteorological
Organisation (WMO) resulting in the birth of the Global Framework for Climate
Services (GFCS). The thrust of climate services is generation, timeous provision,
customization of information for decision-making for multiple sectors and at all lev-
els of society in order to minimise climate related losses while enhancing the benefits
(Vaughan et al. 2017). The success of climate services contributes towards achiev-
ing some of the Sustainable Development Goals (SDGs) such as poverty reduction
(SDG1), promotion of sustainable agriculture (SDG2) and climate action (SDG13).
In the absence of climate services and support from national policies and enabling
institutions, agriculture systems will continue to be operated under compromised
conditions resulting in significant losses.

This paper contributes to an understanding of how climate services can be estab-
lished at local level though participatory approaches that identify the strengths of
end-users and offer solutions relating to their particular needs in agriculture while
incorporating the science at the center of climate services framework. The study
was designed as an analysis of extreme weather events, access and dissemination
of weather and climate information and the gaps and challenges thereof. Helping
the farmers understand their vulnerability and involving the farmers provides a plat-
form for ownership of the solutions. Through participatory approaches, a framework
for provision of customised and action oriented climate services was developed
at local level in Uzumba Maramba Pfungwe (UMP). The focus on the local level
was influenced by the fact that climate change impacts locally and differentially
across socioeconomic activities, providing room to understanding local needs and
demands for transformative pathways in agriculture. We argue that it is not the size
and scale that influence a functional climate services program but rather the rela-
tionship between users of climate information, scientists and policy makers that best
explain approaches in the development of the services.

Study Area

The study was carried out in UMP district (Fig. 22.1) which is to the northeast of
Zimbabwe. The district has a population of nearly 113,000 people and over 20,000
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Fig. 22.1 Map of UMP District in Zimbabwe (insert) and the sampling points used in the project

households (ZIMSTAT 2014). UMP spans over three natural farming regions, that
is, Agroecological region IIb, III and IV derived from using annual rainfall, length
of growing period, temperature and soil type (Mugandani et al. 2012; Mberego
and Sanga-Ngoie 2014; Vincent and Thomas 1960). The majority of UMP district
(Maramba and Pfungwe) is in agro-ecological region IV which is characterized by
low rainfall, high temperatures and usually long dry spells even during rainy periods.
Maramba and Pfungwe thus have low potential for rain-fed crop production which
are the major livelihood crops of the communities here. About 20% of the district
(Uzumba north) is in agro-ecological region III characterized by frequent droughts,
dry summer spells and short rainy seasons. Only 16% of UMP (Uzumba south) is in
agro-ecological region IIB which has good granitic loamy soils and receives fairly
good rains but is sometimes subject to mid-season dry spells (Mujaju et al. 2017).
According to data collected during the study, the rain season stretches fromOctober of
one year toMarch of the following calendar yearwith a peak in Januarywhenmonthly
rainfall exceeds 100 mm over almost the entire district. Whilst no synoptic station
or other (agro)meteorological stations exist in the district, the significant spatial
variation in rainfall amounts received in the district is evidenced by the variation
in vegetation. Information from the District Agricultural Extension Officer (DAEO)
and from ZIMSTAT data (ZIMSTAT 2014), showed the livelihoods in UMP are
strongly dependent on rainfed agriculture with major crops being maize, sorghum
and, to a lesser extent, pearl and finger millet, as well as legumes. Market gardening
is common in Upper UMP (Uzumba). The district was chosen for its lack of studies
as a way to understand the intricacies of rainfed agriculture in semi-arid locations
vis-à-vis the hope pinned on climate services to provide solutions to the vulnerable
smallholder farmers living in such fragile environments (Haines 2018).
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Data and Methods

Data were collected over three seasons from 2013/2014 season to 2017/2018. Sev-
eral participatory rural appraisal exercises including key informant interviews, focus
group discussions (FGDs), observation, participatory mapping, transact walks and
seasonality trend analysis and household interviews set a platform for discussion
between users of climate information, scientists, policy makers and other stakehold-
ers. Each activity was inclusive of all social groups and recognised equity on gender.
A semi-structured questionnaire was designed to extract knowledge on (i) hazards
experienced and severity, (ii) access to available climate information, gaps and chal-
lenges to using the information and (iii) requirements and guidelines for a local
climate service. Some of the guidelines were tested in the second and third season.

A total of 8 FGDS consisting of 20 people with equal representation of men
and women of ages at least 25 years were held. These people were perceived to
have gained enough knowledge of their environment such as to be able to give
finer details of topics under discussion. The most vulnerable in the community were
given voice where necessary. Results from key informant interviews were used to
triangulate findings from FGDs. Among the key informants were the elderly who
were considered to be the repository of community environmental knowledge and
history as the well as district agricultural extension officers. Household surveys were
conducted in 200 households across the district with an equal number in Uzumba
and Pfungwe while less interviews were held in Maramba by virtue of it being a
growth point whose greater population relied more on vending than agriculture. The
choice of households was made with support from agricultural extension staff in the
wards using random sampling techniques.

The MSD does not have a synoptic weather station in UMP. Therefore, gauged
data used in this project was obtained from Mutawatawa Agritex office in Maramba
starting from 1989. Automatic weather stations installed at Zunzanyika Farmer Field
andMashambanhakaprovideddata starting from2013and2014 respectively. In order
to supplement the gauged data, satellite rainfall estimates (RFE) for 15 sites, as shown
in Fig. 22.1, were obtained from the National Aeronautics and Space Administration
(NASA)PredictionofWorldwideEnergyResource (POWER)ClimatologyResource
for Agroclimatology. Coordinates of each point were used to retrieve the data. A
comparison of satellite derived data and gauged data at Mutoko, a synoptic station
50 km away from the district, gave a correlation of 90% and therefore the data
could be used with confidence. Similar studies done by Bolvin et al. (2009) gave a
correlation of 85% in East Africa, Ethiopia and Zimbabwe. The datawas analysed for
hazards (dry spells, high temperatures, frost prevalence and droughts) using Instat+.
The findings from the analysis and participatory approaches were synthesized to
produce a map of the hot spots in UMP. The results shaped the discussions on the
development of climate services required at the local scale in UMP.

To develop the framework for climate services, we engaged the scientists, policy
makers at district level, government extension agents at ward level, councilors, NGOs
and the smallholder farmers to identify entry points and to initiate dialogue on the
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development and provision of local climate services. A cross-fertilization of ideas
from the different institutions identified training as the first and major component
missing in having operational climate services in place. Training was done using
the concepts in the Climate Field School (Winarto and Stigter 2013) approach being
centered on developing and strengthening the ability of agricultural extension officers
and smallholder farmers to utilise climate services beyond current levels. In order to
improve the prominence of weather and climate information in terms of the format,
timeliness and disseminationmechanisms, some guidelines for training for each layer
were designed. Three levels of training were done.

The top layer consisted of the district Agricultural Extension officer (DAEO),
support staff and heads of agricultural extension officers in the wards. The officers
came together at Mutawatawa, where their offices are. Lectures were given on basic
weather and climate information, approaches in climate services and overall man-
agement of the processes in the district. Practicals were done during the training
of the second layer and during field work done from 2014 to 2018. The second
layer consisted of the extension agents who interacted with farmers at grassroots
levels. Concepts taught included meteorological data measurement with practicals,
collection and analysis of meteorological data, generation of forecasts, terminology
in weather and climate forecasts, weather systems affecting Zimbabwe and down-
scaling forecasts for local use. Rain gauges and rainfall registers were provided for
practicals. The third layer consisted of a composition of extension agents and lead
farmers. Training included data collection, record keeping and a means to making
the smallholder farmers participate in tailored product development. Participatory
games were used to demonstrate the meaning of some of the terms, for example
defining AN, N and BN categories given in seasonal forecasts. A number of people
stood in a line according to height. They were divided into 3 groups according to
height. The tallest were said to represent AN rainfall, the middle group represented
N category and the short ones represented BN rainfall. A cautionary statement was
included, “it was uncommon to have one short person in a family of tall people nei-
ther was it uncommon to have average or tall person in a family of short people”.
These heights were likened to representing the climate drivers for a location and how
they could influence seasonal climate patterns. Attention was paid to developing
farmer language for the purposes of effectively communicating climate information
thereby influencing both short and long term decisions in agriculture. Components
of the community weather observatory hub were discussed and validated in a forum
with farmers from around the district. Further evaluation was done three years later
(2017/18 season) to assess the impact of developed climate service on the community,
identify new gaps and improve framework for climate services.

Results

The rainfall season in Zimbabwe is influenced by large scale atmospheric circula-
tions such as westerly waves presenting as cloud bands in October–December and
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the Intertropical Convergence Zone (ITCZ) (Mamombe et al. 2016) which is most
active in the period January to March. The establishment of the Angolan low pres-
sure and another low in the Mozambican channel greatly influence weather over
Zimbabwe and Southern Africa region (Munday andWashington 2017). Overall, the
El Nino Southern Oscillation (ENSO) and the Indian Ocean Dipole (IOD) control
the characteristics of the aforementioned systems (Manatsa andMukwada 2012). An
initial analysis by MSD, show that whenever an El Nino event was forecast, at least
60% of the times, BN rains occurred over Zimbabwe, with semi-arid areas being
the most affected. Therefore, climatic hazards such as drought and dry spells are not
uncommon in Zimbabwe. Semi-arid areas such as UMP are the worst affected and
would require urgent support to be able to respond to climate extremes. Identifying
the hot sports provided an understanding of vulnerability which informed the climate
services requirements in the district.

Climatic Hazards Experienced in UMP

Findings from the participatory approaches revealed droughts, dry spells and high
temperatures as the major climatic hazards experienced in UMP. Smallholder farm-
ers in UMP indicated that prior to the year 2000, droughts had a return period of once
in 5 years but there had been an increase in their frequency in recent years. Dry spells
which used to occur usually after Christmas until early January had since increased in
frequency and severity. To validate the smallholder farmers’ perceptions, an analysis
of rainfall and temperature data fromUzumba, Mutawatata and Zunzanyika revealed
the following; long dry periods were being punctuated by short wet spells. Rainfall
was concentrated towards end of January into February. For Upper UMP, [Uzumba
(wards 8–15)], 10% of the time, rainfall season started around 18th November but
in 90% of the time, the rains started by 11th December, a trend observed after the
year 2010. For lower UMP [Pfungwe (wards 1–4)], the earliest time that rains could
start was 27th November but 90%, of the time the rains started about 19 December.
Length of growing season had shrunk to an average of 121 days in Upper UMP down
from 146 days, while in Lower UMP, the length of growing period had reduced to
101 days from 135 days. Temperatures increased significantly during the summer
months since the year 2012 resulting in high evaporative losses. Temperature spikes
were now common in the period October to March. In Upper UMP, temperatures
sometimes increased by as much as 3 °C, while in Lower UMP, temperatures some-
times increased by up to 5 °C for example in 2013 and 2014. Aphids were observed
to affect legumes when temperatures were high. These evidences indicated Lower
UMP as the most vulnerable. The map in Fig. 22.2 shows the vulnerability of UMP
to drought, dry spells and high temperatures, where Lower UMP is in a hot spot.
The evidence made the farmers realise why there was a continuous weakening and
breakdown of rainfed agricultural systems under the prevailing harsh conditions.
The provision of timely, accurate and action oriented information was envisaged to
minimise the impact of these hazards on agricultural systems.
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Fig. 22.2 Vulnerability of UMP district to droughts, dry spells and high temperatures

Climate Information Access, Gaps and Challenges

The most common climate information provided to farmers was SCF and daily
forecasts. Information was received through radios (at least 50%) and Agricultural
extension officers usually at farmer gatherings. It was observed that 67% of farmers
in Uzumba accessed weather information compared to 30% in Pfungwe.While more
people (nearly 80%) had access to the radio in Maramba, most of them did not pay
particular attention to forecasts as their livelihood was focused on buying and selling.
Overally, more males (61%) received climate information compared to their female
counterparts at 37%. While rainfall and Agromet bulletins were produced by MSD,
they were only available through subscription after paying a premium. The payment
was beyond farmers reach apart from them being unable to access internet-based
forecasts. As such, most of the vulnerable households had very limited access to
climate information. They relied on social networks to access weather and climate
information. The farmers indicated they preferred simple text based messages send
through their mobile phones. They also preferred a local observing station to provide
local data rather than from remote areas.

The farmers highlighted that climate information available lacked specificity in
onset dates, dry spell and wet spell periods and end of season dates, information
which the farmers considered very vital for decision-making. Although SCFs were
disseminated ahead of the rainfall season, the absence of tailored and action oriented
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climate information presented challenges to fully utilise the forecasts, a challenge
echoed from all quarters of society. Lack of such information resulted in agricultural
losses as sometimes farmers had to replant in cases of poor germination and false start
of season. The categories used in the SCF were obtained using sparse data and there-
fore could not allow for generation of locally specific climate information. Farmers
preferred forecasts given at ward level. All the farmerswanted information of how the
‘normal/average’ value was generated so they could actively participate in improv-
ing the value. The terms used in daily weather forecasts were technical apart from
referring to large areas. Farmers were not sure what ‘isolated, scattered, widespread
and numerous thundershowers’ meant resulting in low utilisation of the forecasts.
These concepts were explained during training sessions. Similar observations were
made in Tanzania (Coulibaly et al. 2015).

Dissemination challenges added to the burden on UMP smallholder farmers.
Weather and climate information were disseminated in English through the radio,
TV and print media yet the UMP community had marginal technological infrastruc-
ture to access the forecasts. Where the forecasts were given in a local language, the
radio station or newspaper shouldered the responsibility of interpretation, sometimes
distorting the original meaning. With nearly everyone living under the footprint of
a mobile phone, at least 90% of the farmers preferred an SMS based forecast. The
farmers interactedwith extension agents nearly everyweek and at least 75%preferred
messages given through trained extension agents. Messages could also be dissem-
inated through schools for daily transmission to farmers with learners being the
conduit. In order to provide climate information in which the communities actively
participated, farmers suggested the setting up of a community weather observation
hub. A mini weather station manned by an extension agent would provide data to be
fed into the national database and used in the generation of forecasts. To increase
density of observations, lead farmers were proposed as the active players in the com-
munity who could provide rainfall data after following the training they had received.
Such data would be useful in calculation of ‘normals/average’ for locals and for the
district. Basic plastic rain gauges were given to farmers to achieve this goal. In the
absence of climate forecasts, the farmers relied on indigenous knowledge indicators
tomake decisions, which toowere also being affected by climate change. The farmers
called for an integration of scientific forecasts which were mature with indigenous
knowledge systems which still required further investigation.

Demand for Climate Products

Having created a local database from own observations, the farmers requested for
higher resolution weather and climate information. For the development and imple-
mentation of a functional climate service the farmers suggested activities that would
promote a functional and useful locally driven climate service:
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a. Active participation in data collection by lead farmers.
b. At least one month lead time in dissemination of SCF.
c. Provision of accurate information on the start of season with a lead time of at

least one week.
d. Provision and dissemination of advisories and warnings with at least one week

lead time.
e. Support for crop suitability study.
f. Provision of tailor-made Agromet and Rainfall bulletins.
g. Provision of advisories and warnings targeted at livestock production.
h. Future climate scenarios and expected impacts on crop production.
i. An accessible community weather observation hub.
j. Provision of advisories to support non-farm livelihood systems.

Framework for Development of Climate Services

Following the consultations, guidelines were produced on the provision of local cli-
mate services. The end-to-end process is given in Table 22.1. District staff take the
oversight role and they address governance and institutional arrangements. Training
on processes and procedures would help the staff to understand linkages between
institutions and to liaise with policy makers. Scientists and agricultural extension
agents work together through institutional arrangements transforming weather and
climate information into a service. Advisories and warning were designed as part of
training of extension staff. For example, advisories on fertilizer application, spraying
of crops and pest and disease management were given based on prevailing weather

Table 22.1 Steps in the development of climate service framework as identified during field work

Activity Objective Challenge addressed

1. Training of district staff Establishing institutional
arrangements and address
governance issues

Accountability and sustained
interaction with policy
makers

2. Training of extension
agents

Delivery of climate services
at local scale

Cascading climate
information to grassroots
levels

3. Training of lead farmers Giving farmers ownership in
design, production and
evaluation of climate services

Empowering communities
leading to legitimacy of
climate services that
transform agricultural
systems

4. Evaluation of climate
service

Identifying new gaps and
continuous improvement of
activity 2

Sustainability of climate
services
Poverty alleviation
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conditions. Through extension agents and lead farmers, such information was cas-
caded to grassroots levels. The community responded by taking corrective measures
and providing feedback at the weekly meetings held at community observation hub.
The meeting started with an evaluation of forecast given in the previous week, the
actual observationsmade, forecast for the followingweek and the actions to be taken.

Figure 22.3 provides a non-hierarchical framework of actors and their relation-
ship in the development of a climate service. The ultimate objective is the provision
of seamless climate information which gives the farmer the power to demand for
services at different time scales in order to manage the risks evolving in each sea-
son. Explaining the probabilistic nature of the forecasts helped the farmers manage
the uncertainty in the information provided throughout each season and therefore
minimising the losses that they would have incurred without climate information.

Multi-level 
governance and 
institutional (e.g. 

District staff)

Meteorological 
Scientists and 
agriculturalists 

Community

(Extension 
Agents and 

Lead Farmers)

Policy makers

Cogeneration 
& 

Evaluation(By 
Farmers and 

all actors)

Fig. 22.3 Actors and their non-hierarchical interactions in the development of a climate service
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Discussion

The climatic hazards experienced in UMP gave insights into the extent of the influ-
ence of climate extremes on agriculture. Droughts, severe dry spells and high tem-
peratures were of major concern among the farmers as these reduced production
to one third causing food insecurity especially in the lean months (September to
January). In good years farmers sold part of their harvests. The income generated
would be invested in a community bank to earn some interest. Low production had
a ripple effect on the farmers. Since community banks were strongly linked to the
production levels, poor harvests led to a collapse of the banks. Once the community
banks collapsed, farmers were not able to supplement food and to buy seed for the
following season. Most livelihoods in UMP being farm-related and rainfed, climate
services will provide a backbone for building resilience against climate change and
increased climate variability.

The shrinking of length of growing season for UMP requires tactical decisions to
be made based on available climate information. Seed systems needed a transforma-
tion to suit new conditions. Farmers responded to the climatic changes by adopting
small grains, however, large portions of farmland were still being used for maize.
Whilst climate informationwas being produced, the low numbers of farmers utilizing
the information had to do with access issues and lack of trust (Patt and Gwata 2002).
The farmers preferred forecasts which were in vernacular and providing information
at ward level. The absence of dialogue between users and producers of climate infor-
mation put legitimacy of the forecasts at stack. Farmers relied on local knowledge
which included observation of biotic factors, however without science, the indige-
nous knowledge systems had no basis. To date the science of indigenous forecasts
has not matured to give such level of detail missing in scientific forecasts especially
in developing countries already dominated by data paucity. Climate services propose
new approaches that do not focus merely on the use and usability of a product but on
the performance of agricultural livelihoods supported by correct policies and active
end-users (Roncoli 2006).

Farmers suggested training at all levels as a way of creating dialogue with other
stakeholders in the development of climate services. The farmers recognised the
need for intermediaries who would be locally available yet able to translate climate
information into products readily usable by the smallholder farmers. The intermedi-
aries, who are extension agents, would translate information to other understandable
formats by farmers through the development of ‘farmer language’. The participatory
approach which led to the development of a hot spot map showed that communities
can collaborate with scientists to provide solutions to climatic problems. Emerging
from the discussions was the need for climate information at different spatial scales.
Thus, early involvement of end-users of climate information and stakeholders pro-
vided a quick win through iterative training. Face to face dialogue gave room for
farmers and experts to discuss complex intra-seasonal climate changes and their
bearing on farm activities.
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Theweather systems outlined in the introductory part of the results were explained
in great detail to give farmers an appreciation of the complexity of science involved in
forecasting. It was a necessary step that set extension agents, farmers and scientists on
the same level. Explaining terminology used inweather and climate forecasts became
relatively easy as farmers could link local observations to circulations that brought
rainfall or dry conditions over the country. Of major interest were the ITCZ and the
El Nino phenomena as these were the most talked about during the rainfall season.
The farmers in UMP identified the ITCZ as the major system bringing rainfall to the
district. The training offered insights into the stability of the atmosphere resulting
from persistently cold air being pumped into the country. Farmers could explain the
changes in seasons based on heating experienced in the months of September and
October. Also, the position and trajectory of cyclones and their influence on summer
rainfall was articulated in the highly interactive training sessions. The information
shaped the components of the climate services.

The community weather hub, when fully functional, would have a noticeboard
on which the weather forecasts, advisories and warnings would be posted and also,
a rain gauge for daily rainfall measurement. At agreed times during the day, the
hub would be opened to community members. Local extension agents would meet
to share rainfall information recorded around the locality. For a start, local farmers
meet here once a week together with their local extension agents, to update each
other on past and future weather events and to propose a cocktail of activities which
could be done based on forecast information received. The agents provided guidance
to the farmers. This showed that the farmers appreciated climate services more than
before. Currently, farmers met under the operation of a Farmer Field School which
had evolved into aClimateFieldSchool. Thewillingness to apply climate information
now shaped the farm operations.

Rainfall varies over short distances unlike temperature. Therefore, a dense rainfall
network is necessary for operating climate services. The observations helped farm-
ers understand microclimates in their locality. Using social networks, farmers could
move livestock to areas with better pastures andmore drinking water. Movement was
based on the understanding that, if kept in impoverished pastures, cattle health got
compromised as well as the breed size. Selling such cattle did not provide relief to
farmers as they often would get low prices such that, during good years, they failed to
buy back the livestock they would have sold. Less rainfall increased chances of pests
and diseases such as aphids on cowpeas. Therefore, scouting was consistently done
to minimise damage. High temperatures in the 2014/15 resulted in aphid infestation
which had to be controlled using chemicals. Being poorly resourced, chemicals for
spraying were not easily accessible. Based on available climate information, farm-
ers decided on selling or retaining extra cereal. Post- harvest losses were carefully
considered whenever cereal was retained. Control measures for the grain borer were
more critical in lean years as happened in 2015/16 season when total crop failure was
experienced. Every season, the farmers managed risk through crop diversification, a
strategy suggested by Makate et al. (2016). There was an increase in land put under
small grains and legumes.
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Conclusion

In developing nations whose economies are based on agriculture, the influence of
climate on agriculture means an increase in demand for easily accessible, tailored,
accurate and timeous climate information will increase every year in response to cli-
mate fluctuations. The increase in temperatures, particularly in summer months, fre-
quent droughts and dry spells called for action supported by the availability of climate
services. Climate services will ensure that end-users make deliberate, informed deci-
sions to minimise losses associated with vagaries of weather while making the most
of the benefits of climate variability. Therefore, understanding climatic hazards was
key to the development of climate services that meet local needs in UMP. Establish-
ing a functional and seamless climate service calls for new approaches that combine
diverse knowledge systems and sees the end user as a partner in the development
and dissemination of climate information. When farmers become active partners,
they evaluate the service with the purpose of improving products generated. Promot-
ing inclusiveness created pathways for scientists and farmers to dialogue on critical
issues in a non-hierarchical form thereby building trust which increased uptake of
climate information. Farmers in UMP found an opportunity to dialogue vertically
and horizontally without bottlenecks. Dissemination of climate information should
not be limited to radio, Tv and print media but should combine with methods used
by the most vulnerable farmers. From the results of this research we ascertain that
the success of climate services program borders around the relationship between the
end-users of information, the scientists and policymakers. Farmers are scientists in
their own right, who have experimented and adjusted their systems to new climatic
conditions and their engagement in climate services development is critical. We rec-
ommend that the establishment of national climate services for agriculture be an
iterative process that will be continuously developed with the full participation of
smallholder farmers.
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Chapter 23
Food Security in the Face of Climate
Change at Kafa Biosphere Reserve,
Ethiopia

Teowdroes Kassahun and Svane Bender

Abstract Diversification of crops is a critical risk management strategy for famers
in the south-western part of Ethiopia and may play a vital role in adapting to a
changing climate. This study explores opportunities of climate resilient and adaptive
crops for farmers’ adaptation for food security at Kafa Biosphere Reserve. In order
to understand farmers’ perception of local impacts of climate change and adaptation
means through reintroduction and fostering of old and resilient crop varieties, a
combination of qualitative and descriptive statistics methods have been used. Focus
group discussions, Participatory Rural Appraisal and direct matrix methods were set
in relation to the variety of crops grown in the area and other environmental, social
and economic factors. A group of climate adaptive or resilient crops were identified
by the farmers and favoured as tolerant against the increasingly variable rainfall and
temperature. The study reveals that the farmers’ perceptions are in accordance with
the trend analysis done on the metrological variables using the Mann-Kendall test
as well as the Sen’s slope estimator. Against this background, NABU, a German
based NGO, initiated an agricultural adaptation programme for local farmers aiming
ultimately for long-term food security.

Introduction

Based on the assessment report from the Intergovernmental Panel on Climate change
(IPCC 2013) the global average temperature is projected to reach 1.8–4 °C by the
end of twenty-first century. Since the year 1906–2005, the temperature has increased
already by 0.74 °C (IPCC 2007). Global warming and the resulting climate change is
currently affecting millions of people, especially low income and agriculture depen-
dent communities due to its severe impact on agricultural production (Mertz et al.
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2009). One of the regions that are expected to be hit intensively by extreme weather
events both in frequency and intensity is Sub-Saharan Africa. The disproportionate
reliance of the countries in this region on rain-fed agriculture makes them more vul-
nerable, as the agricultural productivity in the tropics is forecasted to shrink due to
high frequency of drought (IPCC 2013). In the absence of a concerted international
effort to curb greenhouse gas emissions, climate changewill increase existing poverty
levels and food security (Adger and Barnett 2009). Given that climate change pre-
dictions are much worse for the future, it will be challenging to increase agricultural
productivity by 70% to meet the rising population demand by 2050 (FAO 2017).
Countries like Ethiopia, where more than 40% of the country’s national GDP, 90%
of its exports, and 85% of the population’s employment are dependent on rain-fed
agriculture will be affected massively (MoFED 2007).

Several studies show Ethiopia as one of the most vulnerable countries to climate
change and variability (World Bank 2010; Parry et al. 2007; Conway and Schipper
2011). This is based on historic climate events where rainfall variability and drought
were the main cause for famine in recent memories (World Bank 2010) and the coun-
try’s low capacity to cope and adapt to climate change (Stige et al. 2006). Moreover,
its farmers’ depend on rain-fed agriculture with traditional technologies and low
input (Deressa 2007). Even in average rainfall years, 10% of the Ethiopian popula-
tion faced chronic food shortages and was dependent on food assistance (Conway
and Schipper 2011). Generally, climate change is projected to massively decrease the
yields of cereal crops in East Africa by shortening growing seasons, increasing the
incidence of crop diseases and intensifyingwater shortages (Niang et al. 2014). Thus,
finding solution to this pressing issues andworking on various adaptation strategies is
critical (Deressa et al. 2011). One option is to promote climate—resilient cropswhich
are considered as opportunity to tackle decreasing yields and thus food insecurity
due to climate change (Kathuria et al. 2007).

This paper presents a study on potentials of climate adaptive crops in Kafa Bio-
sphere Reserve (KBR) in Ethiopia. In particular, we assessed the local agriculture
and flora of selected sites at KBR in order: (1) to identify 12 climate resilient com-
mercial crops and (2) to identify five climate adaptive crops which are suitable for
re-introduction to local agriculture. KBR offers optimum conditions for addressing
and testing these issues due to its high rate of endemism and variability of ecosys-
tems. Moreover, over time, people have indirectly shaped plant communities and
species. Some have been domesticated in home gardens and in the fields together
with farmers cultivated food and cash crops.

However, the potentials of alternative income-/food-/energy sources are generally
unexploited and old, adapted crops are unused and slide into oblivion. Especially, the
old adapted crops can contribute significantly to food security and an increased agri-
cultural biodiversity (‘agro-biodiversity’). In line with this local finding, FAO (1999)
claims more than 90% of crop varieties have disappeared from farmers filed world-
wide; and loss of forests cover and other uncultivated wild areas have exacerbated
the genetic erosion of agrobiodiversity. At the same time the area is confronted by
climate change from irregular rainfalls, extreme weather events and droughts. Chal-
lenged with this reality, The Nature and Biodiversity Conservation Union (NABU),
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a German NGO, initiated a study of the local flora and locally used crop species as
climate resilient species for adaptation in and around KBR in 2015.

So far, a relevant number of papers and reports have been published addressing
climate change as well as the rich biodiversity in and around KBR (e.g., NABU
2017; Hylander et al. 2013; Schmitt et al. 2010; Hylander and Nemomissa 2008).
However, a study on impacts of climate change and adaptation measures such as
climate adaptive crops has not been published for that area. This paper aims to fill
this information gap.

Materials and Methods

Study Site

The KBR is located in the Kafa Zone (7.22° E–7.84° E and 35.59° N–37.17° N),
in the Southern Nations, Nationalities and People’s Regional State in South-western
Ethiopia, covering an area of 760,000 ha (Fig. 23.1).

The area has a seasonal climate with annual rainfall of around 1800 mm and rainy
season lasting from June to September. It has also an extremely diverse topography

Fig. 23.1 Location of study area in south-western Ethiopia, at Kafa biosphere reserve, Ethiopia
(Bender and Tekle 2018)
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with altitudes ranging from 1020 to 3350 m.a.s.l. and an average annual temperature
19.45 °C (Dresen 2014). The range of altitudes creates a transition of flora: at the
highest altitudes, a complex vegetation structure of evergreen mountain forests and
grasslands is dominant, while further down the mountain slopes, the Afromontane
moist evergreen broadleaf forest or cloud forest is home to the wild Coffea arabica.
The reserve harbours 45,000 ha of extensivewetlands and floodplains that are parts of
the headwater of Gojeb, Baro and Gilo draining into the Omo-Gibe and Baro-Akobo
river basins (NABU 2017).

The BR is part of the catchment area of the three large rivers (Gojeb, Dincha and
Woshi). The area has a seasonal climate with annual rainfall of around 1800 mm
and rainy season lasting from June to September. It has also an extremely diverse
topography with altitudes ranging from 1020 to 3350 m.a.s.l. and an average annual
temperature 19.45 °C (Dresen 2014). The KBR is an area of global significance as it
relates to both its natural components (natural capital) and its human inhabitants and
their cultures and traditions (human capital). Significant part of the population are
rural community growing maize and teff (Eragrostis tef ) on farmlands and different
vegetables in their garden (Hylander and Nemomissa 2008). The area also contains
genetic elements (such as the wild Coffea arabica populations) and a high degree of
diversity and endemism that evolved over thousands of years (DMP2009). It is host to
Ethiopia’s 50%of remainingmoistmontane forest. The area is rich in ecosystems and
provides a unique habitat for more than 250 plants species, 300 mammal species and
300 kind of birds, under it dense primeval forests, grasslands and wetlands (NABU
2017). The area is also recognized as part of an Eastern Afromontane Biodiversity
Hotspot and key Biodiversity Area. It was designated as UNESCO biosphere reserve
in 2010. It has a forest cover of 47% with 4% (28,172 ha) being core zone serving
as a refuge for endemic or endangered species. And has been recognised for its
remarkable species endemism (NABU 2017). The area is particularly noteworthy
as global in situ gene bank being the origin and centre of Coffea arabica’s genetic
diversity.

650,000 people live in the premises of Kafa Biosphere Reserve. With an average
of 98% inhabitation per km2, the range extends from 52 to 210 inhabitants per km2

(SNNPR2013).More than 90%of the inhabitants’ livelihoods depend on subsistence
farming, the sale of coffee (10% forest coffee/65% garden coffee), forest honey and
the use of natural resources e.g. for food, fuel, building material and medicinal
plants or spices (SNNPR 2013). Mainly grain is being cultivated, including the
local Ethiopian grain species teff (Eragrostis teff), legumes and the locally important
Abyssinian banana (Ensete ventricosum), whose starch-rich stem is fermented for
bread. The most common livestock is cattle (7.5 per household, 2011/2012, local
government), followed by poultry, sheep and goats. Wild coffee harvesting has been
practised over centuries; complex tenure arrangements and traditions and rites have
been developed (Bender and Tekle 2018).
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Sampling and Data Collection

A detailed household survey was conducted in July 2015, involving experienced
and well-trained development agents as enumerators who are native to the area and
fluent with the local language as well as the culture. A total of 47 farmers partici-
pated in the survey from the five selected districts located within the boundaries of
KBR and neighbouring villages. The sampling site selection took into considera-
tion agro-ecological variations of the study area. Accordingly, the three traditional
major agro-ecology systemswere included: lowland (<1500m.a.s.l),midland (1500–
2400 m.a.s.l) and upland (>2400 m.a.s.l). To ensure the accuracy of the collected
information, Focus Group Discussion (FGDs), interviews with key informants and
stakeholder workshops were conducted. Participants were selected based on their
willingness and availability to take part in the survey within the specific population
that amounts to a purposeful sampling (Patton 2005). The method used for selecting
the 47 farmers for the survey was as follows: All participants on the survey had to
live within the KBR or surrounding villages. The majority of the participants can be
considered as key stakeholders who have already been involved by NABU during
the zonation and demarcation process of KBR. Furthermore, knowledge on local
crops and traditional agriculture schemes were considered as criteria for selection
(Picture 1).

To address the question of climate change perception by the farmers, we relied
on qualitative methods. Semi-structured questionnaires were used to understand the
perception on climate change and its impacts. Furthermore, probing questions were
also posed during the interview to go further in-depth and capture perceptions on
specific characters such as the typeof crops grownor themanagement applied infields
and homegardens. The set of open-ended questions encouraged conversations around
two main themes: (1) farmers’ traditional agricultural practice, crop management,
their perception of their vulnerability to climate change and potential adaptation
measures; and (2) Farmers’ management with respect to the wild coffee forests.
The semi structured questionnaires were developed in advance and pre tested using
randomly chosen farmers in order to correct flows found in the questionnaires.

Common and scientific names of plant species were identified using Hedberg
and Edwards (1989), Phillips (1995), Edwards et al. (1995, 1997), Hedberg et al.
(2003) and Tadesse (2004). Finally, climate data from The Royal Netherlands
Meteorological Institute (KNMI) was accessed for the entire study area.

The study was commissioned by NABU, and bound to specified time and budget
limit. Hence, it was not possible to include other variables that require laboratory
analysis that may have helped to enrich the study and give in-depth insight to climate
change realities at KBR.
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Picture 1 Local farmer in a typical home garden setting (NABU)

Data Analysis

A combination of qualitative analysis as well as descriptive statistics was used to
analyse the data. The descriptive statistics included tables, minimum, maximum,
frequency, percentage, ratio and means. By organizing and categorizing the data
into similar themes, a qualitative analysis was conducted. Furthermore, crop ranking
was undertaken through active participation of participants from KBR. The ranking
followed pair wise ranking (Kumar 2002) and the direct matrix method. Other par-
ticipatory methodologies such as the seasonal calendar and trend analysis were also
conducted.

Drought/water stress tolerance, resistance to crop disease, pests, nutritional value
and market demand in terms of income generation were used as a selection criteria
for ranking crops in each category (cereals, pulses, vegetables, fruits, spices, roots
and tubers and common commercial crops); cereals compared with cereals, pulses
compared with pulses etc. Based on the criteria, farmers made the ranking of crop
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Table 23.1 Results of the trend analysis on climatic variables

Variable Mann-Kendall’s tau P-value Sen’s slope Mean SD

T Max 0.588 <0.0001* 0.026 19.704 0.53

T Min 0.587 <0.0001* 0.027 14.68 0.53

Annual rainfall −0.202 0.018 −1.452 1597.90 84.22

January rainfall −0.012 0.889 −0.018 47.23 14.49

December rainfall −0.043 0.618 −0.062 68.40 13.84

*Two-tailed test at significance level; α = 0.05

species in each category. Finally, the crop species that ranked at the top in the respec-
tive category from the direct matrix approach was then once more ranked using pair
wise ranking, so that climate resilient commercial crops were clearly selected.

From the climate data, the Mann-Kendall test, a non-parametric test, was con-
ducted in order to detect statistical significance in the long-term climate data. For
evaluating the direction of trends and also to compare the farmers’ perception with
the climate data, the Sen’s slope estimator was used. The Sen’s estimator shows the
direction and magnitude of slope in the weather trend, whereas the Mann-Kendall
test checks the null hypothesis with no trends and alternative hypothesis of increasing
or decreasing trend (Gadgil and Dhorde 2005) (Table 23.1).

Results and Discussion

Local agricultural crops and flora

A total of 77 species representing 32 flowering plant families were recorded, that
are currently being used by the local community in the selected field sites. From
these 6 are endemic to the locality, 19 are indigenous and the remaining 52 are
introducedplants (Table 23.2).Among these, theFabaceae andPoaceae plant families
represented the highest number and the most commonly used crops species group in
the study area (Picture 2).

The recorded species were further divided into cultivated (63), semi cultivated
(7), wild (3) and escaped to the wild (4). For instance, plant species that escaped and
naturalized in the natural habitat are Colocasia esculenta, Capsicum frutescens and
Psidium guajava. Semi-cultivated plants are those plants which are partly cultivated
for their socioeconomic values. Similarly, Coffea arabica and Ensete ventricosum
are good examples of domesticated plants; plants that were primarily growing in the
natural forest and thendomesticated and cultivated on farmand/or aroundhomesteads
by the local communities. These plants havevarious uses for the community including
medicinal value, nutrition and source of cash income. For instance, Chata edulis,
Coffea arabica, Rhamnus prinoides and Camellia sinensis are some of the plant
species preferred by the communities for clear commercial purpose. The KBR and
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Table 23.2 Cumulative scoring of 30 species that were repeatedly selected by farmers

Crops Site 1 Site 2 Site 3 Site 4 Site 5 Total score

1 Ensete ventricosum 10 10 7 12 8 47

2 Coffea arabica 9 9 9 27

3 Persea americana 6 6 5 5 22

4 Zea mays 8 8 16

5 Colocasia esculenta 4 4 5 1 14

6 Triticum sp. 7 7 14

7 Pisum sativum 4 9 13

8 Vicia faba 4 8 12

9 Aframomum cororima 3 5 4 12

10 Eragrostis tef 11 11

11 Camellia sinensis 11 11

12 Hordeum vulgare 10 10

13 Sorghum bicolor 6 3 9

14 Brassica carinata 4 4 8

15 Capsicum annum 6 6

16 Zingiber officinale 6 6

17 Allium sativum 6 6

18 Xanthosoma sp. 4 4

19 Ipomoea batatas 2 2 4

20 Catha edulis 3 3

21 Humulus lupulus 0 3 3

22 Piper nigrum 2 2

23 Gobello/climber bean 2 0 2

24 Gobo/bean 2 2

25 Mangifera sp. 1 1

26 Linum usitatissimum 1 1

27 Musa sp. 1 1

28 Brassica napus 0 1 1

29 Malus pumila 0 0

30 Ruta chalepensis 0 0

its surrounding are part of the tropical forest ecosystems that have exceptional species
richness and higher concentration of endemic species (Schmitt et al. 2010). The area
is also recognized internationally as part of the Eastern Afromontane Biodiversity
Hotspot (Mittermeier et al. 2004). A recent biodiversity assessment at KBR found
around 50 species, which are new to science (NABU 2017). This implies that the
number of species identified in the area are massively underrated and more species
are to be expected, if the number of study sites would have been higher.
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Picture 2 Local bean variety

Perception of climate change and trend analysis

The age distribution of the household members in this study is shown in Fig. 23.2.
The average age of the farmers was 43. The majority of the respondents (46.8%)
fell in the range of 18–37 years of age, which is generally referred to as young and
productive members of the community. About 34.04% of the households’ members
were at the age of between 38 and 57 years (active and experienced members). And
around 5% of the household members were retired and they were between 78 and
97 years of age. Given that almost all respondents were farmers, it is possible to
say with certainty they are engaged in agricultural activities, which is likely to give
them exposure to climate change impacts. The distribution of participants’ education
status versus age and gender is shown in Fig. 23.3. The illiteracy rate was very high
for female participants, and this of course affects their perception as well as their

Fig. 23.2 Age distribution
of household members in the
study area
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Fig. 23.3 Household participants age versus educational status in the study area

decision in taking measures for adapting to climate change, since there is a positive
correlation between education and access to climate information (Maddison 2007;
Le Dang et al. 2014).

A broad range of climate change indicators were identified by the participating
farmers and how they were trying to cope with the challenges. The survey revealed
that nearly all farmers areworried about the changing climate, particularly by drought
periods. They especially emphasized on the observed changes in temperature and
extreme events. In regards to rainfall and to the annual mean temperature, 89%
of the respondents responded that the rainfall is decreasing and increasingly fluc-
tuating, whereas 73% believed that the temperature has increased. Several studies
have revealed similar challenges and indicators for climate change consistent to our
study (such as Mengistu 2011; Agbo 2013; Wendimagegn and Lemma 2016) irre-
spective of their difference in analysis. Especially, rainfall decreasing from year to
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year and variability were the most frequently used indicators for climate change by
these authors, which is consistent to our findings. The farmers’ perception of climate
change and variability was largely supported by the observed scientific data from
the region. The rainfall data analysis indicated a significant variability in the annual
rainfall and declining trend in the region during 1950–2013 (Fig. 23.4). Similarly,
the trend analysis for temperature showed increasing trend with its minimum and
maximum temperature increasing (statistically significant) which is matching with
the farmers’ perception (Fig. 23.5). It is clear from the Mann-Kendall test and the
Sen’s slope estimators test that both maximum and minimum temperatures have a
significant positive trend (Table 23.1).

The respondents stressed the observed abnormalities in rainfall timing and uneven
distribution as devastating for their production planning. For instance, the typical
period for sowing Maize (Zea mays) used to be December/January, but nowadays
there is a severe moisture deficit during these months which forced farmers to shift
the sowing season and entire farming practice. This has forced many farmers to shift
their farming calendar, which they claim affects their ability to grow diversified crops
throughout the year. Again, the perceived abnormalities by the farmers in January
and December did not show a statistically significant trend, but the Sen’s slope
estimator shows that the direction of slope in these months is downward (Table 23.1).
Furthermore, the farmers claim the shift in their calendar has led to other climate
related challenges such as climate born diseases and pests, which lower production
of crops.

Y= -1.1726x+48.002
R2= 0.0672

Fig. 23.4 Decreasing trend for precipitation at Kafa Biosphere Reserve (1950–2013)
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Y= 0.0219x-23.635
R2= 0.5832

Fig. 23.5 Increasing annual average temperatures at Kafa Biosphere Reserve (1950—2013)

Selection of climate adaptive crops

Based on the agreed criteria (tolerance to drought or water stress, food or nutritional
value,market/income and resistance to disease) farmers ranked cereals, fruits, pulses,
root and tuber, vegetables and cash crops within their category using direct matrix
ranking at the three agro-ecological zones. Furthermore, the selected crops, fruits and
pulses were then compared and contrasted through pair wise ranking. The ranking
resulted in 30 species that have been repeatedly selected and scored in the five sites.
The total score of each crop from thefive sites is summarized onTable 23.2. From this,
12 species were selected and recommended by the participants as climate resilient
crops with commercial value. Out of the 12 crops, four are cereals (Eragrostis tef,
Triticum sp., Hordeum vulgare andZeamays). The rest includes two species of pulses
(Vicia faba and Pisum sativum), one fruit tree (Persea americana), two vegetable
species (Capsicum annum and Brassica carinata), two stimulant cash crops (Coffea
arabica and Camellia sinensis) and one spice (Aframomum cororima).

It is not surprising to see the four cereals selected by the farmers as the best options
as climate resilient commercial crops. For instance, Zea mays is a staple crop that
has been cultivated for many generations in Sub-Saharan Africa (Smale et al. 2011)
and millions of people depend on it for its protein and calorie content (Broughton
et al. 2003). Even though there are large variations on impact of climate change on
Zea mays, the different simulation models show Ethiopia to be one of those countries
that could still see a rise in its yield with increase in temperature up to 29 °C, but
ultimately declines with further increase in temperature. Similarly, Eragrostis tef is
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also very popular but at the same time one of the most ancient Ethiopian staple grains
(Araya et al. 2011). It has several advantages compared to other cereals such as high
tolerance to drought stress (Ketema 1997), early maturing before on set of dry spells
(Takele 2001) and it can also survive diseases (Stewart and Dagnachew 1967). In
contrast, Triticum sp. is a crop that is easily affected by abiotic factors such as low
and poor rainfall distribution (Abate et al. 2018). A projected increase in temperature
will likely result in a reduced yield due to a shortened growth period by accelerating
phonological developments (Negassa et al. 2013). The crop is well known throughout
the country and grown by millions of smallholder farmers typically in the highlands.
This could be one of the reasons why farmers in KBR have selected it as a viable
commercial crop.

When it comes to pulses, Vicia faba and Pisum sativum are not really new crops
for Ethiopian farmers. They have been intercropping these pulses with Eragrostis tef,
Triticum sp. and Hordeum vulgare (Agegnehu et al. 2008; Agegnehu et al. 2006a).
For instance, mixed cropping of Eragrostis tef with Vicia faba provides a higher
yield than growing the crops separately, which means higher revenue (Agegnehu
et al. 2006b). Growing crops in mixture is not a new phenomenon in Ethiopia; it
has been practiced in traditional agriculture for many years (Georgis et al. 1990).
Therefore, the selection of these pulses might be due to the perceived advantages
of cereal/pulse intercropping. But among the 12 commercial crops selected, Coffea
arabica and Camellia sinensi are by far the most lucrative in KBR area. Especially,
Coffea arabica is considered to be the most important crop in the lowland areas of
the region. It supports the national economy and serves as key source for foreign
currency supporting millions of people (one quarter of the population) directly or
indirectly (Tefera 2012). Similar to other crops, Coffea Arabica is forecasted to
be impacted severely by climate change reducing its suitable areas of growing by
50% globally in the year 2050 (Bunn et al. 2015). Locally there have not been
any major challenges reported for coffee due to changing weather patterns. In fact,
the participants described the current situation as favourable for Coffea arabica
cultivation. This assessment is consistent to other studies that forecast a shift in
climate but to remain suitable. More areas are even expected to start cultivating
Coffea Arabica especially at higher elevations in East African countries like Kenya
and Ethiopia (Ovalle-Rivera et al. 2015).

Similarly, the participants have ranked and selected five climate adaptive crops
which they felt best suited for their area for cultivation. The selected crops are
Plectranthes edulis, Moringa stenopetala, Sorghum bicolor, Ensete ventricosum and
Colocasia esculenta. Among these crops Ensete ventricosum (Picture 3) is by far the
most popular and it is ranked at the top in the pair wise ranking table combined for
all the five study sites (Table 23.2).

This crop is largely cultivated in the area and in the neighbouring towns, and
consumed as staple food (Olango et al. 2014). Altogether, more than 15 million
people in Ethiopia depend on it for their food security (Yemataw et al. 2014). One
reason for its popularity is its tolerance to drought and high yield (Andeta et al. 2018).
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Picture 3 Afarmer preparingEnsete ventricosum for the fermentation process (NABU/NoraKoim)

Conclusions and applicability for adaptation measures

This study attempted to collect both qualitative and quantitative information about
farmers’ awareness and perception on climate change and aimed to identify climate
adaptive crops for KBR. In addition, an analysis using metrological data was con-
ducted to investigate if the farmers’ perceptionsmatchwith the reality. The evaluation
of the perceptions show that the farmers are clearly aware of the variability and a
changing climate, which is in accordance with the analysis of the metrological data.
Furthermore, as adaption to these changes, the farmers have identified five climate
adaptive crops and twelve climate resilient cash crops.

Following the study, the results were discussed by NABUwith both governmental
decisionmakers aswell as spiritual leaders of the region preserving old species. These
leaders added species to the list of potential climate resilient crops which they tend to
preserve due to their values as heritage of ancestors. Together, a total of five species
were selected and are now being tested for their climate resilience as well as easy
cultivation and preservation in field studieswith local farmers. An awareness creation
campaign with posters and leaflets promote the species for reintroduction and use.
The (re)introduction will increase the food security, value biodiversity and will make
local communities less vulnerable to the effects of climate change.
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Chapter 24
Climate Information Services and Their
Potential on Adaptation and Mitigation:
Experiences from Flood Affected Regions
in Bangladesh
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Abstract Climate services are the use of climate knowledge and information in
climate-smart development. This study aims to explore the understanding and level
of resilience at community level, including the potential of climate information ser-
vices in promoting INDC, BCCSAP, LAPA. We also look at the adaptation and
mitigation paradigm with smart mobile phones, along with an internet scheme via
Short Message Service (SMS), Outbound Dial (OBD), Apps and Call Centre ser-
vices on agriculture, agro meteorology, weather forecast and early warning system.
The study was conducted in South Kharibari village of DimlaUpazila in the Nil-
phamari district in which a 100 climate vulnerable households are currently using
a customized system for increasing resilience in households through climate infor-
mation services. The study was conducted through explanatory methods, including
contextual analyses, case studies, and best practice documentation, FGD, KII and
PVA (Participatory Vulnerability Assessment). The study reveals that climate infor-
mation plays a vital role in climate-resilient development at household level through
increased women’s participation in action research and formulation of LAPA. This
fortifies their leadership role in food security and energy sectors which are the major
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focus area of INDCandBCCSAP. Its additionally helping climate-vulnerablewomen
to adapt with changing environment through resilient crop farming, homestead gar-
dening, fisheries, livestock, horticulture and poultry rearing. Thus helping them to
develop resilient planning for alternative energy sources in cooking, lighting and
other purposes which meets the mitigation needs at the household level.

Introduction

Bangladesh is one of the most climate-vulnerable countries in the world due to its
geographical make up. It is a low-lying country within the tropics and is the largest
delta in the world, formed by the Ganges, the Brahmaputra, and the Meghna. It has
the Himalayan range to the north, the Bay of Bengal to the south which funnels
towards the Meghna estuary and a vast stretch of Indian land to the west. These
geographical features contribute significantly to the climate system of Bangladesh.
Impacts of climate change in Bangladesh include excessive flooding, severe cyclone
and storm surges, increased salinity and drought, declining of agricultural productiv-
ity, lack of drinking water and water logging due to the rise of sea level. Considering
the area, it is a small country with a huge population and a predominantly agrar-
ian economy. According to the Maple Croft study (2014), Bangladesh is the most
climate-vulnerable country in the world. The Global Climate Risk Index (GCRI)
2010, covering the period 1990–2008, estimates that on an average, 8241 people die
each year in Bangladesh. While the cost of damage was, at the time, around $1.2 bil-
lion USD per year and the loss of Gross Domestic Product (GDP) was 1.81% during
the period. The CRI incorporated a number of events, total deaths, loss of property
of each affected person, and loss of gross domestic product (GDP). In its report, Ger-
manwatch estimated that 1993–2012 Bangladesh sustained $1.832 billion USD in
damages, brought about by a variety of natural disasters. However, in 2017 the report
estimated that between 1997 and 2016 Bangladesh sustained US$ (PPP) 2311.07 by
various natural disasters induced by climate change (Germanwatch 2018).

The northern part of Bangladesh (Rajshahi and Rangpur divisions, the area lying
west of Jamuna River and north of Padma River, and including the Barind tract.) is
characterized by climate-induced drought and flood. The 1988 flood caused a reduc-
tion in agricultural production by 45%. Higher discharge and low drainage capacity,
in combination with increased backwater effects, increase the frequency of devas-
tating floods under climate change scenarios. Prolonged floods tend to delay Aman
plantation, resulting in significant loss of potential Aman production, as observed
during the floods of 1998. Loss of Boro rice crop from flash floods has become a
regular phenomenon in the riverine areas over the years.

Living in the poverty cycle, the people of climate-vulnerable areas are trying to
adapt to the impacts through community based adaptation and indigenous knowledge
and skill. On the other hand, government and non-government organizations have
intensified their efforts through adopting different policies and programs, introducing
new technologies, and management practices to tackle the impacts. The regular and
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severe natural hazards that already batter the country include tropical cyclones, river
erosion, floods, landslides, and drought. All of which are set to increase in intensity
and frequency as a result of climate change (BCCAP 2009).

Climate Information Services

Climate information services involve the production, translation, transfer, and use
of climate knowledge and information in climate-informed decision making and
climate-smart policy and planning. Climate services ensure that the best available
climate science is effectively communicatedwith agriculture, water, health, and other
sectors, to develop and evaluate adaptation strategies. Easily accessible, well-timed,
and decision-relevant scientific information can help society to cope with current
climate variability and limit the economic and social damage caused by the climate-
related disaster. Climate services also allow society to build resilience to future
change, and take advantage of the opportunities provided by favorable conditions.
Effective climate services require established technical capacities, active communi-
cation and exchange between information producers, translators, and user communi-
ties. Climate services are integral to minimizing climate change impacts and devel-
oping community resilience in different sectors. Services which include information
and communication services, with special attention to database and information, is
very much necessary.

BCCSAP, INDC & LAPA

There has been commendable progress in formulating policies and strategies to
address climate change, disaster risk, and vulnerability. The government has prepared
a National Adaptation Plan of Action (NAPA 2005), Bangladesh Climate Change
Strategy and Adaptation Plan (BCCSAP 2009), National Disaster Management Pol-
icy and Plan (NDMP 2016–20); 7th Five-Year Plan (2016–20) of Bangladesh. The
policies and plans have recognized the climate-induced problems like droughts,
declining groundwater level, land degradation, flooding and river erosion. Programs
that intend to tackle climate change issues are mostly focused on climatic concerns
of southern and south-eastern coastal regions. Further, there are limited practical
programs and actions for the vulnerable communities at the regional and local levels
by the government and actors.
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BCCSAP

On the adaptation to climate change and the future welfare of the people, the Govern-
ment of Bangladesh has identified climate change as the ultimate threat to national
development. In order to overcome this worsening situation, in 2005 the government
formulated the National Adaptation Plan of Action (NAPA), Bangladesh Climate
Change Strategy and Action Plan (BCCSAP) in 2009 and established Bangladesh
Climate Change Trust Fund (BCCTF) in the 2010 to carry forward BCCSAP.Within
the framework of BCCSAP, 2009, BCCTF has approved many projects for GOs and
NGOs with a specific focus on the following thematic areas:

• Food security, social protection, and health
• Comprehensive disaster management
• Infrastructure
• Research and knowledge management
• Mitigation and low-carbon development, and
• Capacity building and institutional strengthening.

In order to implement 44 programs specified under the six thematic areas of
BCCSAP 2009, Climate Change Trust Fund (CCTF) was created in the fiscal year
of 2009–10. The Trust Fund was operated through a project titled’ Strengthening
Institutional Capacity of Climate Change’ under the Ministry of Environment and
Forests. Subsequently, Climate Change Trust Act, 2010 was enacted; and as per the
direction of Climate Change Trust Act, 2010, Bangladesh Climate Change Trust
(BCCT) was established on 24 January 2013 with effect from 13 October 2010.

NDC

Bangladesh committed to reducing GHG emissions by 5% below business-as-usual
GHG emissions by 2030, using only domestic resources or 15% below business-
as-usual GHG emissions by 2030, if sufficient and appropriate support is received
from developed countries (MoEF 2015). Bangladesh also envisions reducing GHG
emissions from domestic uses (such as through cooking), reducing uses of nitrogen
fertilizers, and increasing renewable energy in lighting purposes in order to achieve
the set target by its own initiative within 2030. To achieve the set target, BCCSAP
also includes actions to improve energy efficiency in the domestic and commercial
sectors, reduce emissions in the agriculture sector (through energy efficiency and
water and fertilizer management), capture methane emissions from landfill sites,
scale-up afforestation and reforestation and reduce emissions from transport through
increased public transport and improved fuel efficiency of vehicles.
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LAPA

In general, Local Adaptation Plans (LAP) refers to a plan developed by a local
community; considering the key factors in addressing the vulnerabilities that spe-
cific region face due to climate change. These plans are developed so that the local
vulnerability can be reduced effectively if the local plan is integrated within the
sectoral or national plan or/and arranges finance for its implementation. The main
features of this local adaptation planning are; bottom-up approach, participatory vul-
nerability mapping, prioritizing adaptation needs, designing immediate projects and
action plans for implementation, linking with institutional policy process, resource
mobilization at all level and peoples’ monitoring (Doha and Bijoy 2015).

The Cancun Adaptation Framework (2010)1 provides a opportunity for the Least
Development Countries (LDCs)2 to formulate and implement national adaptation
plans (NAPs) as a means of identifying medium- and long-term adaptation needs
and developing and implementing strategies and programmes (including the areas of
water resources, health, agriculture and food security, infrastructure, socioeconomic
activities, terrestrial, freshwater andmarine ecosystems and coastal zones) to address
those needs.

Bangladesh has experience in developing NAPAs (2005) and state-owned BCC-
SAPs (2009) which followed a top-down approach in assessing the adaptation needs,
options and priorities. NAPA emphasized only immediate priorities and BCCSAP
followed a specialist-driven process without any involvement of the most vulnerable
communities affected by climate change. Moreover, in the absence of appropriate
knowledge on local exposure and vulnerability, an efficient adaptation strategy can-
not be developed and funding for Climate Change Adaptation (CCA) cannot be
utilized effectively for the most vulnerable communities (NCC, B, 2018).

In the meanwhile, by scaling up the experience of NAPA, the UNFCCC initiated
the National Adaptation Plan (NAP) formulation process, which was established
under the Paris Agreement to strengthen climate resilience and deliver support for
developing countries that are particularly vulnerable to climate change. Recently,
the Bangladesh Government has received a financial commitment from the GCF
for NAP formulation with the objective of long-term adaptation investment and
enhancing national capacity for integration of CCA in planning, budgeting and finan-
cial tracking processes. It should be noted that the aim of the UN-NAP process is
to identify medium- and long-term climate change adaptation needs, taking into
consideration vulnerable groups, communities and ecosystems (Ref. https://goo.gl/
kFqbce)3 with an emphasis on planning at all levels. However, the current NAP

1Cancun Adaptation Framework (FCCC/CP/2010/7/Add. (1) Decision 1/CP.16).
2The least developed countries (LDCs) are a group of countries that have been classified by the UN
as "least developed" in terms of their low gross national income (GNI), their weak human assets
and their high degree of economic vulnerability. At present (March, 2018) total 47 countries listed
as "least developed", (http://unfccc.int/cooperation_and_support/ldc/items/3097.php).
3http://unfccc.int/files/adaptation/cancun_adaptation_framework/application/pdf/
naptechguidelines_eng_high__res.pdf.

https://goo.gl/kFqbce
http://unfccc.int/cooperation_and_support/ldc/items/3097.php
http://unfccc.int/files/adaptation/cancun_adaptation_framework/application/pdf/naptechguidelines_eng_high__res.pdf
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project in Bangladesh has considered both the ecosystem-based adaptation and local
development planning as a strategy. Therefore, the UN-NAP process has offered an
opportunity to incorporate local adaptation plans in addressing localized climate vul-
nerabilities. Thus bridging central planning and local priorities, connecting higher
level mobilization of resources for adaptation and channeling these resources to the
most vulnerable people. The Local Adaptation Plan for Action (LAPA) is also an
opportunity to operationalize the policy objectives outlined in the National Adapta-
tion Programmes of Action (NAPA) and Bangladesh Climate Change Strategy and
Action Plan (BCCSAP) (IRB 2017).

Research Methodology

This study was conducted by collecting primary data from field locations and ana-
lyzing them in order to draw the benchmark for working paper(s). Firstly, a review
and analysis of national policies and strategies, such as Bangladesh Climate Change
Strategy and Action Plan (BCCSAP), Roadmap of Intended Nationally Determined
Contribution (INDC), and learning documents of Local Adaptation Plan of Actions
(LAPA) took place. Secondly, primary data (especially qualitative and quantitative
data) from the field locations throughHouseholdQuestionnaire Survey (HHS), Focus
Group Discussion (FGD), Key Informants Interview (KII), RS and GIS were accu-
mulated. The study was conducted in Tepakharibari village under Dimla Upazila of
Nilphamari district which is situated beside the Tista River (Map 1).

Results and Discussion

Climate Change Impact

The village is inhabited by 432 households who are affected by climate change-
induced disasters including flood, flash flood, cold wave, wind storm, agricultural
drought. Each year, flash flood hits the villagewhile the rest of the country is free from
flooding. For example, it was found during community consultation that where other
areas of Bangladesh had not faced flood occurrence, South Tepakharibari village was
flooded three times in 2018. Monsoon flooding, flash flooding and riverbank erosion
in South Kharibari village (Map 2a, b and c) along the Tista River is a common
climate-induced occurrence. According to BWDB, the water level in the Tista River
rose by 49 cm during the period study period and it was flowing 78 cm above its
danger level at the South kharibari point. It is also found that in every year South
Kharibari village is flooded 7–9 times, even though the rest of the country does not
face floods (BWDB 2018). Figure 24.1 shows that the South Tepakharibari village
is highly vulnerable due to flood, flash flood, cold wave, heavy fog and riverbank
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Map 24.1 Study area

Fig. 24.1 Climate-induced disaster in the study area

erosion which were expressed by community people during the consultation and
vulnerability mapping. Moreover, there are also two other types of climate-induced
disasters observed in South Kharibari village which are not common in Bangladesh;
wind and sand storms.

In 2016, continuous rainfall in north and northeastern Bangladesh, together with
the rush of water from upstream, caused flash floods in low-lying and densely popu-
lated areas. More than 4,000,000 people were affected, including 775,000 displaced.
Themost affected districts includeNilphamari, aswell as SouthKharibari and nearby
areas (ACAPS 2014; IFRC 2014).

It is also found that, in South Kharibari village of Dimla Upazila under the Nil-
phamari district, riverbank erosion is occurring at an alarming rate. Between 2016
and 2018 a total land lost 5 ha due to riverbank erosion of Tista River occurred. In
2016, there was 64 ha of land which stands at 59 ha in 2018 (Map 24.3a and b).
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Map 24.2 a Flood map of South Kharibari in 2014; b Flood map of South Kharibari in 2016 and
c Flood map of South Kharibari in 2018
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Map 24.2 (continued)

Climate Information Service: Information
and Communication Methods in the Study Area

In recent years there has been remarkable progress in using Information Communica-
tion Technologies (ICTs) as a development instrument in marginalized communities.
ICTs include the use of radios, televisions, computers, mobile phones, and alterna-
tive media sharing devices. For this study, we made an effort to extract the use of
cellular phone-based information sharing and dissemination approach through texts,
voice, OBD, SMS, photographs or images as climate-resilient means. With height-
ened access to communication resources, it is understandable that non-government
organizations incorporates these tools into climate-resilient development in the study
area, which is highly vulnerable to climate shocks.

Crop and location-specific agromet (agro meteorological information) advisory
issues are disseminated to the climate-vulnerable communities in the project areas
through SMS, OBD, voice message, hotline and Interactive Voice Response tech-
nology (IVR). Under the IVR system, the information from project areas for each
village is collected and stored, then converted into voice form. Farmers can call to
receive information. The National Climate Information Dissemination Hub is dis-
seminating generated agromet advisories through SMS,OBD, and IVR. The ultimate
aim is to disseminate advisories to the farmers in real-time, to help them save farm
inputs, increase crop yield and ultimately increase economic benefits to the farming
community.
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Map 24.3 Riverbank erosion and land loss of South Kharbiari village under Dimpla Upazila of
Nilphamari in 2018 and 2016

Customized information dissemination software was developed based on the
information or data relevant to weather, crop calendar, soil health, soil quality man-
agement, suitable crops or plants, local agro-meteorology, soil and hydrological
information and climate-resilient cropping pattern, climate-resilient crop varieties,
location-specific best management practices, crop pathogen, irrigation scheduling,
quality seed source etc. Every week, on the first and last day of the week, the infor-
mation dissemination hub provides information packages through SMS. On the other
hand, the end-users can reach the advisories through customer care calls, if needed.
It is also found that the software is capable of providing fertilizer recommendations
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based on existing soil nutrient data, or soil test value for specific crops in the area. It is
a dynamicmodel that contains crop land specific climatic information, land elevation,
land use, hydro-meteorological information, agro-meteorological information, soil
health, soil fertility, pest, and diseases, etc. The software analyzes all of the inbuilt
information provided by field enumerators deployed from vulnerable women in the
study area regularly. It is regularly updated based on the seasonal crop-related infor-
mation. Skill development and training as well as appropriate support is provided to
up-skill the target group of vulnerable women on the utilization of climate-resilient
cropping pattern, and the utilization of climatic information.

Analyzing of Climate Information Services and BCCSAP

Food Security, Social Protection, and Health

Food security is defined as availability at all times of adequate world food supplies
of basic foodstuffs to sustain a steady expansion of food consumption and to off-
set fluctuations in production and prices (UN 1975). Social protection is an integral
component of poverty reduction strategies (Norton et al. 2001). Health security is
defined as the ultimate health wellbeing of marginalized people. Information and
Communication Technology helps to promote food security, social and health pro-
tection which is the topmost pillar of the Bangladesh Climate Change Strategy and
Action Plan (BCCSAP). In terms of food security, positive feedback was received
on the concept of food availability, food production and cost-minimizing for food
buying. Based on investigation among ICT users and non-users, it was found that
21 women among 23 ICT users expressed their opinion on the improvement of food
availability throughout the year. However, 11 non-users expressed that they have no
improvement on food availability. On the other hand, 23 ICT users expressed that
food consumption, especially vegetable consumption, increased in their households.
They also reported that the cost of vegetable buying reduced before ICT were used,
but the situation is almost identical among non-users. Among the ICT users, house-
hold income level increased. Based on the investigation, household monthly income
increased to 2454.00 BDT in each household on average, but it did not increase in
non-users women households. The ICT user women expressed that they are involved
in climate-resilient vegetable farming, such as 3-D farming, conservation farming,
hanging farming, duck and hen rearing with slatted houses, goat rearing with semi-
scavenger housing, pot farming andhomestead farming.By the endof 2018, over 90%
of households had planted mixed vegetable varieties that were developed through
mobile-based information services. Animators have been instrumental in advancing
the scaling of these varieties to more households in neighboring villages. They have
promoted the uptake of these varieties through village demonstrations, field days
and multiplication of planting material. The ICT users also expressed that before
utilization of ICT, during the rainy season, winter season and summer season they
had to face duck and hen diseases and most of the time hen and ducks died during



492 M. A. Rahaman et al.

Fig. 24.2 Number of died
hen and duck in 2014–2018
in the study area

Fig. 24.3 Death of hen
before and after climate
information services

the extreme rain, cold, and extreme summer. Figure 24.2 illustrates the duck and hen
death status in the last 5 years in the study area. It was also found that in the last
five years (2014–2018), 93% of hens died before ICT utilization (2014–2016) and
only 7% of hens died after ICT utilization (2017–2018). It was also shown that, in
the last five years (2014–2018) more ducks also died before ICT utilization, which
is illustrated in Fig. 24.3.

Among the ICTnon-userwomen, duck andhendeath rateswere almost identical in
the last five years. However, the ICT users are not facing such problems because they
get information related to seasonal variation, climate-sensitive disease information,
and information related to disease prevention through SMS, OBD, voice call, and
apps. Using wheat and brinjal apps, mobile users also get information related to
seedling time, fertilizer doses, harvesting time-related information and they also get
a prediction of cold and heat waves, precipitation, watering, and harvesting. For this
reason, their wheat and brinjal production increased twice after the ICT introduction.
Vegetables are the main source of minerals and vitamins for marginalized people.
Because this area is flood and drought-prone, vegetable productions were restricted
in the study area before 2016 and vulnerable households were dependent on the
village market for vegetables. But due to their low income, they were not able to
buy essential vegetables. But now they can produce vegetables year round in their
homestead and nearby homesteads based on vegetable agro met services. They are
now not dependent on the village market and can consume sufficient vegetables
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Fig. 24.4 Death of duck
after and before climate
information services

which provides them with essential minerals and vitamins. It is also found that crop
pathogen and insecticide related information helps to increase the production of corn
using corn apps. During the rainy season, the villagers obtain information related to
flash flood which helps them to harvest rain-fed Aman rice before floods. It was
also found that in 2017, farmers rescued their paddies from a flash flood; this shows
the positive impact that timely information dissemination related to floods can have.
Heavy fog is also a major threat for Rabi crops and is common in the study area.
Agromet advisories provide information related to cold waves and heavy fog in
advance which ICT user women use to secure their Rabi crops and seed beds; in
2017 they rescued their corn seed bed during the winter season from fog. These
initiatives are good examples which highlight how information services and climate-
smart practices increase farmers’ climate resilience, and they also show how they
can positively impact food security, social protection, and health (Fig. 24.4).

In terms of livestock protection, climate information services provide information
related to heat-sensitive, cold-sensitive and water sensitive livestock diseases, and
also protection measures. It was found that 250 ducks in a household which was
not using ICT died in 2017. This was due to the fact that the women did not get
information related to duck disease.With the intention to understand the food security
status of the ICT users and non-users, a trial was conducted to examine the cash flow
of the households; including sources of income and expenditure of the ICT users
and non-users. Households in the study area typically gained access to cash from
their own production in livestock and crops in 2018, this was not feasible in 2015
(it is noted that ICT was introduced in 2016). The sources of income among ICT
users increased 3 times more than ICT non-users within this period (2016–2018). In
the study area, villagers are extremely impoverished and they depend on agriculture,
livestock and day labor for theirmain sources of income. In 2015, it was found that the
target respondents crop production accounted for 21% of their household income,
5.2% from livestock production, and 63.3% from small businesses. However, the
situation has changed, in 2018 50% of households from ICT users depended on
income from crop production, 21.7% on livestock, 23.3% on small business and 5%
on day labor (Figs. 24.5 and 24.6).
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Fig. 24.5 Household income source in study area (2015–2018)

Fig. 24.6 Displacement during flood

Comprehensive Disaster Management

Comprehensive Disaster Management (CDM) is an integrated approach to disaster
management which is an important pillar of BCCSAP. CDM refers to the man-
agement of all hazards through all phases of the disaster management cycle, as
well as prevention and mitigation, preparedness, response, recovery, and rehabilita-
tion. Agromet advisories not only provide agro-climatological information, but also
provide disaster-related information regularly. Each Sunday and Thursday agromet
advisories provide SMS containing information on precipitation, prediction of cli-
matic extremities like a flood, flash flood, flood danger level, cold wave, heat wave,
transboundary river flood level, upstream precipitation, etc. Each week, analyzing
the national and local meteorological information, met advisories provide disaster
forecasts which help communities prepare for a disaster. It was found that during
2017 almost 100% of respondents rescued livestock and crops from flash flood due to
flood forecast. In contrast, in 2015 flood caused massive amounts of damage, which
is illustrated in Table 24.1.
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Map 24.4 Resource map of study area drawn by ICT user women
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Table 24.1 Flood scenario in the study area during 2015 and 2017

Year Flood period Flood level (cm) Flood-affected
respondents

Economic loss (million
BDT)

2015 July 53 23 1.3

2017 August 55 2 0.5

Infrastructure

Flood and flash flood is a common disaster in the study area. Each year, though the
rest of the country does not flood, South Kharibari village often does face floods
because the village is situated nearby the Gozoldoba barrage. It was found that in
2018, though the rest of Bangladeshwas not flooded, SouthKharibari village became
flooded three times in July and once in August. ICT, as well as mobile users, do not
get exact flood information but they get preparedness information for an upcoming
flood. Prior to the introduction of ICT, most households in the study area become
submerged in 1.5–2 feet of water each year. From 2016, the inhabitants of the study
area learned to raise plinths in order to avoid the high water levels. In 2017 and
2018, ICT users were not flooded though ICT non-users were flooded similarly to
2016. On the other hand, ICT users have introduced 3-D and tower technology for
farming in their homestead. By which they are able to produce vegetables during
flood season. This is due to the fact that despite submerging homesteads and low
land, 3-D and towers are flood resilient and do not become submerged. Every year
villagers from the study areas were left homeless and landless due the increased
incidence of floods caused by climate change; they often had to take shelter on the
embankment. However, in 2017 and 2018, 60.9 and 91.3% of respondents had taken
shelter in their house embankment prior to the flood. The number of villagers taking
shelter on the embankment reduced consecutively because the respondents had raised
their homestead plinths following information from the advisories. Due to climate
information services, as well as flood information services, this forced displacement
is markedly reduced.

Research and Knowledge Management

Community-based participatory research is the most effective means of community
empowerment. It is conducted by people living in the community typically in collab-
oration or partnership with others who have research skills. This is beneficial as the
people who live in the communities may not have the skills in research but are well
aware of their local problems and solutions. During the field research, a trial was
undertaken in order to understand the research skill-levels of the climate-vulnerable
women who were utilizing ICT enabled mobile phones over the last two years. It was
found that the ICT enabled women were capable of demarking the social resources
in their locality, and produced a village resource map (which was overdrawn using
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Fig. 24.7 Crop Calendar in South Kharibari, Dimla, and Nilphamari (drawn by climate-vulnerable
women)

GIS) defining all-important resources. Another trial was undertaken to draw atten-
tion to the seasonal crop calendar in 2015 and 2018, as well as before enabling ICT
and after ICT, including a hazard risk period. The women drew crop calendars which
are currently being out into practice (Fig. 24.7). Both of these tasks illustrates the
research and knowledge management skill of the women. It also illustrates that they
are capable of mitigating climate-induced risk in their locality through the use of
climate information services (Map 24.4).

Mitigation and Low-Carbon Development

Climate change mitigation is reducing the release of greenhouse gas emissions. Low
carbon development means integrating and addressing climate change into devel-
opment by cutting down on emissions. In rural areas, mitigation strategies include
energy efficiency, adopting renewable energy sources like solar, promoting improved
cook stoves, using bio fertilizers and improved crop varieties in farming, promoting
agroforestry and promoting more sustainable uses of land and vegetation as well
as forests. Mitigation and low carbon development can be promoted through direct
or indirect interventions. Direct interventions include introducing renewable energy,
improved cook stoves, waste management, zero waste development, etc. Indirect
interventions include reducing fossil fuel use and reducing chemical fertilizers. In
the study area, through ICT and climate information services, the priority was given
to agriculture-based development and low carbon development in the agricultural
sector. Utilization of bio fertilizers instead of chemical fertilizer is promoted to
reduce GHG from chemical fertilizer. It was found that in 2018, 45% of ICT users
were using bio fertilizer in their crop land, this is a great improvement of the 9%
use in 2015. Also, 67% of ICT user women have introduced improved crop vari-
eties to ensure water and energy efficiency in 2018, which was only 2% in 2015
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Fig. 24.8 Comparison of mitigation and low carbon development initiative in study area between
2015 and 2018

(Fig. 24.8). Improved cooking stoves, solar panel for household lighting and home-
stead agroforestry were also found in the study area, all of which were introduced
via information obtained while using a cellular phone.

Capacity Building and Institutional Strengthening

Capacity building and institutional strengthening is an important pillar of BCCSAP,
which is also promoted among ICT user women in the study area. ICT user women
are organized into several climate-vulnerable groups; the groups were formed by
themselves. In the study village, 100 ICT user women formed four community orga-
nizations containing 25 members in each group. They are capable of expressing their
vulnerability, coping mechanisms, preparing changed crop calendars, preparing risk
and hazard maps, undertaking disaster preparedness response and recovery initia-
tives, disseminating climate-induced disaster information and crop-livestock and fish
related disease information to community aswell as relatives far away. It is also found
that the neighbors and relatives make phone calls and SMS to collect information
related to climate information from the ICT user women.

Analyzing of Climate Information Services and INDC

Bangladesh committed to reducing GHG emissions by 5% by 2030, using only
domestic resources, or by 15% by 2030 if sufficient and appropriate support is
received from developed countries. Bangladesh also committed to reducing GHG
emissions fromdomestic uses,which arementioned in the IntendedNationallyDeter-
mined Contributions (INDC). To achieve this target, the country has devised actions
to improve energy efficiency in the domestic and commercial sectors, reduce emis-
sions in the agriculture sector, and scale-up afforestation and reforestation Climate
change mitigation and low carbon development is apriority in Bangladesh, and has
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been promoted throughout the last three years (2016–2018) through the delivery of
climate information services to the climate-vulnerable women. This information pro-
motes adopting renewable energy sources like solar, improved cooking stoves, using
bio fertilizers and improved crop varieties in farming, agroforestry and promoting
a more sustainable use of land, vegetation and forests. Utilization of bio fertilizer
instead of chemical fertilizer is promoting in order to reduce GHG from chemical
fertilizer. It was found in 2018 that 45% of ICT users were using bio fertilizer in
their crop land, which is compared with only 9% in 2015. Also, 67% of ICT user
women have introduced improved crop varieties in order to ensure water and energy
efficiency in 2018, which was only 2% in 2015 (Fig. 24.8). Improved cooking stoves,
solar panels for household lighting and homestead agroforestry were found in the
study area, which was introduced obtaining information using a cellular phone.

Analyzing Climate Information Services and LAPA

Local Adaptation Plans for Action (LAPA), (a participatory, contextual and inclusive
bottom-up planning process) need to be developed in order to operationalize the
policy objectives outlined in the National Adaptation Programmes of Action (NAPA)
and Bangladesh Climate Change Strategy and Action Plan (BCCSAP) (IRB 2017).
TheBangladeshi government is committed to formulating LAPAs, and for this reason
the government has taken some initiatives to help build the capacity of climate-
vulnerable people at the community level.

Conclusions

Climate information services aim to increase women’s participation, strengthen their
leadership role, and to enhance their economic situation by developing customized
information systems for agriculture; including crop farming, homestead gardening,
fisheries, livestock, horticulture, and poultry. The ICT user women obtain climate
information services through SMS, Outbound Dial (OBD), Apps and Call Centre
services on agriculture, agro meteorology, weather forecast, and early warnings.
Using climate information services through the ICT scheme, they are contributing
to the Bangladesh Climate Change Strategy and Action Plan (BCCSAP) in terms
of improving food security, disaster risk reduction, low carbon development (which
is also align with Intended Nationally Determined Contribution (INDC)), capacity
building and institutional development (which is also align with Local Adaptation
Plan of Action (LAPA)). Though climate information services promotes BCCSAP,
INDC, and LAPA it cannot be concluded that the information services are playing
a role in ensuring climate-smart development or the promotion of BCCSAP, INDC,
and LAPA. The information services should be dynamic, up to date and provide
transboundary information related to weather forecasting. Hydrometeorology should
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also be incorporated in order to gain the highest result in the array of climate-resilient
developments.

The rationality of the study

In Bangladesh, integrated study on ICT and climate-resilient development does not
exist; we have tried to explore the role of ICT in promoting BCCSAP, NDC, and
LAP. This is the first one study which has attempted to understand the contribution of
ICT in promoting BCCSAP, NDC, and LAP as well as climate-smart development.
Because of this, this study is a milestone in the scientific field of promoting climate
change policy, strategy and action plans in Bangladesh.

Limitation of the study

Most of the resilience building initiatives in Bangladesh have emphasised adaptation
practices, infrastructures and capacity building, compared to mitigation potentials at
the local level. Therefore, resilience building initiatives should consider co-beneficial
adaptation-mitigation practices. ICT has a great potential to deliver mitigation infor-
mation at the community level, which could contribute to facilitating NDC targets
on agriculture and energy sector. Therefore, the existing information delivery mech-
anism could be replicated in order to disseminate information on energy efficiency
practices, promoting renewable energy, carbonmanagement in agriculture, as well as
contributing to achieving the low carbon development pathway. But, due to financial
constraints, we could not explore how this could be done.
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Chapter 25
Do Information and Citizens
Characteristics Affect Public
Acceptability of Landslide Protection
Measures? A Latent Class Approach

Cristiano Franceschinis, Mara Thiene, Stefania Mattea and Riccardo Scarpa

Abstract The Italian Alps are increasingly vulnerable to landslides. Residents and
visitors are exposed to serious socio-economic consequences from these natural
events. Hence, risk mitigation is a major safety issue for local authorities. Publicly
funded adaptation interventions are expensive to implement and cause the need to
better understand acceptability of protectionmeasures, and their economic efficiency.
We investigate social demand for landslide protection in Boite Valley (North-Eastern
Alps) by adopting a choice experiment survey approach. We specifically address the
impact of information on preferences by eliciting them before and after providing
respondents with visual simulations of possible catastrophic events. Choice data are
used to estimate a Latent Class-Random Parameters model. This allows us to identify
segments of the populationwith different preference profiles towards safetymeasures
and their sensitivity to information treatments. Marginal willingness to pay (mWTP)
values for protection measures are estimated and mapped to describe the spatial
distribution of benefits from risk reduction. Overall, we found mWTP values to vary
spatially and to be dependent on information and socio-economic characteristics.

Introduction

Over the last few decades the number of landslides events in the Dolomites (Italy)
has increased. Among other factors, this is a consequence of more frequent extreme
rainfalls and increased availability of debris material (Bernard et al. 2019; Gregoretti
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et al. 2019). Hence, people living in such area are exposed to serious socio-economic
consequences and there is high social demand for protection.

Due to the high hydrogeological risk level—which has been exacerbated by cli-
mate change—several landslides occurred in the Boite Valley (North-Eastern Alps,
the study area) and caused deaths and damage to houses and other property. In 1814,
a massive debris-flow destroyed two villages, killing 257 people. In 1925, a similar
event caused 288 victims and 53 people went missing. In summer 2015 intense rain-
falls over a short period triggered eight events, causing significant damage to public
infrastructure and three victims among tourists.More recently one victimwas caused
in 2017 in Cortina and other landslides took place in 2018. Hence, risk mitigation is
a major component of climate change adaptation and a safety issue for local authori-
ties. Accounting for social preferences is crucial to inform fairly the ongoing public
debate on this matter.

We report the results of an application of choice experiments (CE) in the Boite
Valley aimed at estimating residents and tourists’ willingness to pay (WTP) for
different safety devices. Stated preference approaches have a broad record of use in
the context of natural hazards, such as in floods (e.g. Brouwer and Schaafsma 2013;
Ryffel et al. 2014; Arora et al. 2019), avalanches (e.g. Leiter and Pruckner 2009;
Haegeli and Strong-Cvetich 2018), wildfires (e.g. Wibbenmeyer et al. 2013; Holmes
et al. 2013) and landslides (Flügel et al. 2015; Thiene et al. 2017).

We also analyse the extent to which information (through simulations of possible
events) affects respondents’ stated preferences. Estimates of welfare measures have,
in fact, been shown to be impacted by information provided to survey respondents
(e.g. Aoki et al. 2019). Finally, wemapped average values ofmarginalWTP estimates
at the individual level within eachmunicipality. This approach roots on the increasing
evidence that benefits from public goods are spatially heterogeneous (Campbell et al.
2008; De Valck et al. 2017; Sagebiel et al. 2017).

The remainder of this paper is organised in four sections. Section 2 describes
data collection and Sect. 3 outlines the econometric approach adopted for the study.
Section 4 reports the results. Finally, the conclusions are drawn in Sect. 5 along with
the policy implications for landslide risk mitigation in the Boite Valley.

Survey Design and Data Collection

This section describes survey design and sampling procedure. More details can be
found in Mattea et al. (2016).

The questionnaires used in the survey included seven sections: the first posed
questions about subjective risk perception, attitudes toward risk activities and natu-
ral hazards, and personal experience with landslides. The second focused on recre-
ational behaviour. The questionnaire was designed to include a CE in the third part
and a “repeated” CE in the fifth. In-between (fourth section) two hydro-geological
simulations of landslides were shown to respondents. The first simulation (Fig. 25.1)
referred to three sites in the upper part of the valley and showed all debris-flow
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Fig. 25.1 Debris-flow simulation in the upper part of Boite Valley (Gregoretti 2014)

possible trajectories. The second simulation modelled debris-flow trajectories in a
specific site with and without a channel (Fig. 25.3). The green lines show possible
trajectories with a channel, while green and yellow lines are the trajectories without
such safety device. The sixth section included follow-up questions, whereas the last
one focused on socio-economic ones (Fig. 25.2).

The CE used five attributes to describe alternative scenarios (Table 25.1). Four
attributes represented safety devices, namely diverging channel and retaining basin
(passive devices) and video cameras and acoustic sensors (active devices). The fifth
attribute is a hypothetical road toll to be paid by vehicles in transit across the valley.
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Fig. 25.2 Debris-flow simulation with (yellow area) and without (yellow and green areas) channel
(Gregoretti 2014)

The toll was defined as a one-time payment valid for eight months to financially
support the implementation of the mitigation programs. In the data all attribute levels
are dummy-coded (presence of the safety device = 1, else = 0) with the exception
of the monetary attribute that takes four numeric values. The experimental design
used was an optimised orthogonal design (Ferrini and Scarpa 2007, Scarpa and Rose
2008) which generated 60 choice sets. The choice sets were blocked into 10 groups,
so each respondent faced 6 scenarios.

Responses to the questionnaires were obtained during face-to-face interviews to a
sample of 250 respondents, randomly sampled on-site among residents and visitors
of the valley.
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Table 25.1 CE attributes and levels

Attribute Acronym Description Levels

Channel CHAN Diverging channel is a man-made channel built
to redirect water. The water is carried off in a
different way that the sediment and rocks
mitigating the impact of the debris-flow

1 if present
0 otherwise

Basin BAS Retaining basin is a dam where the solid and
liquid mass is collected prior to damage roads
and villages

1 if present
0 otherwise

Video cameras VIDEO Video cameras monitor the debris-flow during
the night and, in case of emergency, they will
activate the alarm system and the traffic lights on
the road

1 if present
0 otherwise

Acoustic sensors SENS Acoustic sensors detect soil movement in slopes
prior to landslides. The sensors consist of pipes
inserted vertically in the flank of a debris-flow
slope. They provide with acoustic emissions
used to give early warnings of landslide
occurrence as well as activated the traffic lights

1 if present
0 otherwise

Road toll TOLL A road toll to pay for eight months (from April
to November of a specific year) daily for transit
in the valley by car for residents and tourists

e1
e2
e3
e4

Data Analysis

We modelled choice data by means of a Latent Class—Random Parameters (LC-
RPL model) (Bujosa et al. 2010), which assumes that respondents’ preferences vary
discretely across C classes and continuously within each class.

To specify class membership probability, we use a logit formulation for the class
allocation model (Bhat 1997). The probability (πnc) that individual n belongs to
segment C vector is given by

πnc = exp
(
θ ′
c Zn

)

∑c=C
c=1 exp

(
θ ′
c Zn

) (25.1)

with Zn being a vector of socioeconomic variables and θ c a vector of estimated
coefficients.

Respondents’ preferences βnc vary continuously within each class with class
specific hyper-parameters (e.g. mean μc and st. dev. σc). Such parameters can be
derived by estimating the conditional probability of individual n choosing alternative
i out of a set of alternatives J:

πnti |c = ∫
t=T∏

t=1

exp
(
β ′
ncxti

)

∑ j=J
j=1 exp

(
β ′
ncxt j

) f (βnc)dβnc (25.2)
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where random parameters follow a separate distributional law (Train 1999; McFad-
den and Train 2000). Finally, the LC-RPL unconditional probability that individual
n chooses the t sequences of i in their choice task sequence can be derived from
Eqs. (25.1) to (25.2):

πnti =
c=C∑

c=1

πncπnti |c (25.3)

To investigate the role of information on preferences we estimated a pooled
utility function and included an interaction variable between each attribute and a
dummy variable I, which is defined as equal to 1 for data collected after the expo-
sure to information. Finally, we created maps illustrating the spatial distribution of
individual-specific mWTP values for each safety device.

Results

LC-RPL Estimates

The LC-RPL model has been estimated by simulated maximum likelihood using
Pythonbiogeme software (Bierlaire 2003). The choice probabilities are simulated
in the sample log-likelihood with 500 pseudo-random draws of the modified Latin
hypercube sampling (MLHS) type. All the attributes’ coefficients are assumed to
have a normal distribution, except for the cost attribute that is fixed. Additionally,
the model includes an alternative specific constants (ASCs) for the baseline option.

To identify the optimal number of classes, we estimated alternative specifica-
tions and compared them by using information criteria (Table 25.2). Based on these
criteria and on the number of significant parameters in each class, we selected the
specification with two classes.

To obtain a better profiling of the two classes we included several socio-
demographic characteristics in the class membership function (Table 25.3). Many
showed a significant effect and the signs suggest that women with higher education
and income and larger families are more likely to belong to class 1. Class member-
ship probabilities averaged across all individuals are nearly 55% for class 1 and the
remaining 45% for class 2.

Table 25.2 Criteria for the selection of the number of classes

N = 250

Number of classes Parameters lnL AIC BIC AICc

2 43 −2425 4936 5087 4894

3 63 −2378 4882 5103 4820
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Table 25.3 LC-RPL Estimates

Class 1 (55%) Class 2 (45%)

Parameters Value |t| mWTP Value |t| mWTP

Mean parameters

Basin 4.21 8.88 2.26 1.37 4.45 0.82

Channel 4.99 5.67 2.68 1.48 4.29 0.89

Sensor 3.12 6.98 1.68 0.95 2.66 0.57

Camera 3.48 8.81 1.87 0.71 2.30 0.43

Toll −1.86 7.91 −1.67 14.69

Status quo −2.31 6.66 −1.24 −1.01 4.41 −0.60

Interaction parameters

Info × basin 0.33 0.43 0.18 0.21 0.83 0.13

Info × channel 0.66 2.08 0.35 0.28 2.11 0.17

Info × sensor 0.38 0.32 0.20 0.12 0.01 0.07

Info × video −0.06 0.34 −0.03 0.15 1.61 0.09

Info × toll 0.11 0.87 0.06 0.17 0.27 0.10

Info × status quo −0.48 1.99 −0.26 −0.25 2.08 −0.15

Standard deviation parameters

Basin 1.28 10.98 1.15 3.75

Channel 2.01 11.21 0.24 5.40

Sensor 1.41 9.87 0.27 3.35

Camera 1.25 6.89 0.44 4.77

Class membership parameters

Constant 1.06 2.02

Woman −0.62 2.01

Age 1.12 0.81

Income −0.42 2.01

Degree −0.36 2.81

Number of family members −0.41 2.36

The estimates suggest a consistent preference for the improvement of the current
scenario (negatives signs for status quo in both classes), as well as the existence
of heterogeneity of preferences both among and within classes (significant standard
deviation parameters). The coefficient of the cost attribute is negative and significant
in both classes, as expected. In both classes the coefficients associated with safety
devices are significant and positive, thus suggesting that citizens would generally
benefit from the implementation of such measures.

The main difference among the two classes lies in the magnitude of WTP values.
Specifically, such values are consistently higher in class 1 for all safety devices. This
is consistent with the profile of the two classes emerged from the class membership
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function, and in particular with the higher income that members of class 1 are likely
to have.

More in detail, the construction of a channel is associated with the highest WTP
values in both classes (e2.68 and e0.89, respectively). The basin is the second
preferred protection device in both cases (e2.26 and e0.82). In class 1 respondents
slightly preferred video camera (e1.87) to acoustic sensor (e1.68), while in class
2 was the opposite (e0.57 vs. e0.43). It is also interesting to notice that members
of class 1 are more averse to the status quo than those belonging to class 2, which
seems to confirm that the former are willing to pay more to improve current safety
programs.

Moving to the analysis of the information effect, it is interesting to notice that
the interaction terms between treatment and safety devices are all insignificant, with
the exception of the one for channel. Specifically, the positive sign in both classes
suggests that the information treatment led to an increase in the perceived benefit
from this safety device (and consequently in the WTP for its implementation). This
result is consistent with the simulations being focused specifically on such device
and seems to suggest that the provision of information only affects the interested
attribute.

Mapping Results and Policy Implications

This section reports the mapping of the estimated individual-specific mWTP for
each attribute and class within sampled municipalities. Individual class membership
probabilities were computed, and each person was assigned to the class he/she has
the highest probability to belong to.

Figure 25.3 reports the maps for channel and basin and Fig. 25.4 for sensor and
camera. We considered only the municipalities in the Belluno province, given the
low number of respondents from other provinces. The municipalities delimitated
by the black line are those in the Boite Valley. By looking at the maps, a common
pattern seems to emerge across all devices and classes: higher WTP values are in
most cases retrieved inmunicipalities inside the valley boundaries or in its proximity.
As expected, inhabitants of such municipalities are those more exposed to damages
caused by catastrophic events in the valley. Hence, it is plausible that they may be
generally willing to pay more to prevent (or at least limit) such damages, compared
to individuals living at further distance.

Conclusions

We presented results of a choice experiment evaluating alternative protection poli-
cies in the context of landslide risk reduction. Results show evidence of preference
heterogeneity for safety devices, by reflecting estimates of marginal WTP values
which are well-differentiated across different segments of the population. We also
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Fig. 25.3 Geographical distribution of mWTP values for channel and basin

find evidence of a treatment effect associated with the provision of visual informa-
tion. While not clear-cut, the mapping of the estimated values seems to suggest that
people living in the Boite Valley or in its proximity are generally willing to pay more
for all devices than those living elsewhere.

With regards to policy implications, the estimates suggest that policymakers
should focus on the implementation of plans which include the construction of pas-
sive devices, as residents and visitors of the valley are willing to contribute more
to their realization. The analysis of information effect suggests that investment in
information campaigns and educational activities could be a useful tool to increase
financial support to public safety measures by the population. Specifically, it seems
advisable to focus such activities on measures that policymakers are already plan-
ning to adopt, in order to increase their public acceptance. As a closing remark, it
should be noted that our results do not account for the costs of implementing dif-
ferent safety devices. Future research should address this limitation and integrate
our results with a cost-benefit analysis in order to inform more efficiently the public
debate on protection plans.
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Fig. 25.4 Geographical distribution of mWTP values for acoustic sensor and video camera
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Chapter 26
Future Trends in Climate Services

Daniela Jacob

Abstract This concluding chapter offers an analysis of the presented findings, con-
nects them to the history of climate services, and provides an overview of future
perspectives. It considers current and future trends in climate science as well as the
need to mitigate climate change, which is also impacting the development of climate
services. The paper suggests that a major challenge by climate services is to identify
the means and tools on how best to support adaptation to and mitigation of climate
change.

During the last decade, the field of climate services has developed quite rapidly
(cf. Brasseur and Gallardo 2016). Several initiatives have been implemented. For
instance:

i. the international Climate Services Partnership (CSP; http://www.climate-
services.org) founded in 2011, which is a network of climate services providers
and users, NGOs, financing bodies and local stakeholder;

ii. theGlobal Framework for Climate Services (GFCS; https://gfcs.wmo.int) estab-
lished in 2009 organized by the World Meteorological Organization, which is
mainly focusing on the provision of hydro-meteorological information; or

iii. the Joint Programming Initiative “Connecting Climate Knowledge for Europe”
(JPI Climate; http://www.jpi-climate.eu/home) also founded in 2011, which is a
pan-European network of national funding bodies to jointly coordinate climate
research.

The Paris Agreement, the Sendai Framework, the Sustainable Development Goals
(SDGs) all UN frameworks established in 2015, the release of the IPCC special
report on Global Warming of 1.5 °C (in 2018) among others, combined with the
documentation and media attention to several extreme weather events all over the
world, have boosted the public debate about climate change, thus raising awareness
about the need for adequate measures for protection against climatic extremes, and
for the mitigation of climate change.
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In 2015, the European Commission published the so-called European Research
and Innovation Roadmap for Climate Services (cf. EU 2015) often referred to as
‘the Roadmap’, as a milestone to facilitate the development of the market for climate
services.Climate services havematured to bepart of the solutions to adapt to changing
climates. This is also reflected in the ever increasing number of climate services
providers in Europe, and elsewhere in the world. In the framework of the H2020
project Market Research for a Climate Services Observatory (MARCO), as many as
500 climate services providers have been identified across the 28 EUMember States
(cf. Cortekar et al. 2019).

However, the market uptake of climate services is still rather weak. There are still
some obstacles hindering market development (cf. Perrels et al. 2018). On the supply
side, this includes (among others) the fact that climate services are not really packed
as services but rather as Research and Development (R&D) project outputs. Also, the
services are often perceived as being out of scope for the addressed user group, e.g.
temporal and/or spatial scale mismatches. Important obstacles on the demand side
include inherently short term-oriented decision-making ruling on climate change
impacts in risk management, or the lack of a proper understanding of how climate
services can be integrated in decision making. Matching supply and demand is also
often difficult, due to “language” issues between providers and users in terms of
terminology and conceptions.

There is now a broad agreement, worldwide, that adaptation to climate change is a
necessary strategy in attempts to cope with a changing climate. In 2010, the Confer-
ence of the Parties (COP) to the United Nations Framework Convention on Climate
Change (UNFCCC) established the National Adaptation Plan (NAP) process, which
helps to empower the Least Developed Countries (LDCs) and other developing coun-
tries to identify potential vulnerabilities and address their adaptation planning. Four
main elements of the NAP process have been identified:

(a) laying the groundwork and address gaps;
(b) preparatory elements;
(c) implementation strategies; and
(d) reporting monitoring and review (UNFCCC 2018).

Climate services can be useful in each of those elements, for example when
developing user needs catalogues, climate projections, impact, risk and vulnerabil-
ity assessments, adaptation modeling, and monitoring and evaluation of adaptation
interventions. These services and products need to respond to the demand for sound
information to guide adaptation and climate-related decisions.

Specific products and services, such as Climate Factsheets (which include climate
projections), impacts, vulnerability or risks assessments are of special interest and
useful for developing countries, especially for the least developed countries (LDCs)
and small island development states (SIDS). Such countries are already facing many
of the impacts of climate change, and have limited resources to invest in adaptation
interventions. Therefore, the identification of sectors of their economies that should
be prioritized due to their vulnerability to climate change, is a matter of outmost
importance. In the same way, the identification of no-regret interventions which
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support their adaptation to the changing conditions, is a key element to be considered.
This is reflected, e.g., in the information requested as part of funding proposals
to the Green Climate Fund (GCF), which needs to be “based upon sound climate
information”, which at the same time remains limited for the national and local scales
(GCF 2019).

Lately, the demand for integration of the three main agendas (climate, develop-
ment and disaster risk reduction) when planning interventions or policies at the dif-
ferent levels, has increased. This integration also demands integrative services, which
allow governments, UN agencies, multilateral banks, and practitioners to reduce the
overlapping of efforts and take advantage of synergies.

The Development of Climate Services within the Next Decade

The articles presented in this book show very nicely the large variety of works in the
field of climate services, frommethodological frameworks and guidance, to data han-
dling and case studies. Even though climate services have come a long way, further
progress needs to be done. The advancements in the field of climate services will be
fast. Big data and digitalization will stimulate the provision of data-based products.
But the development and use of climate services and with this, the success of adap-
tation to climate change, heavily depends on solid science, transparency, knowledge
sharing and the dialogue with local and sectoral stakeholders. To be more effective
and relevant, and to close the temporal/spatial gaps mentioned earlier, the resolution
of the underlying climate information needs to be increased, so as to allow for the
provision of localized climate services. Currently, the new generation of regional
climate models under development aims at a resolution of one to three kilometers. In
addition, the integration of (regional) climate models with other physical and socio-
economic impact models has the potential to significantly increase the relevance and
effectiveness of climate services for decision making.

Developing relevant and effective climate services requires a variety of expertise
along the value chain, from providing climate knowledge to the final climate service
product (cf. EU 2015). Most of the climate services providers only cover parts of
these needs (cf. Cortekar et al. 2019), which makes collaboration and good network-
ing a key success factor to develop relevant climate services. This includes public
and private providers of climate services equally, which, to some extent, requires the
development of new business models (cf. Hoa et al. 2019; Larosa and Mysiak 2019).
It makes climate services a labor-intensive business area, with the potential to create
a large number of jobs in a sustainable, low-carbon society. For this, unfortunately,
the educational background is still weak. Multi-disciplinary study programs at uni-
versities, or capacity development schemes outside of the academic arena and clear
career opportunities, are still missing.

As mentioned above, the uptake of climate services needs to be improved. An
important cornerstone—next to quality issues—is climate communication. This is
not limited to communicating the latest advancements of climate science. Rather,
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it also includes communication on what is available where, how it can be applied.
Quality control and quality assurance are still weak elements in the development of
climate service products. Standards beyond good practices will have to be carefully
developed, to guarantee that basic scientific findings and practices are underpinning
climate change adaption. This is needed to avoid wrong and often expensive deci-
sions. Even though it might be difficult to agree on binding quality criteria or stan-
dards, minimum requirements should entail transparency on the underlying datasets,
and of the methods used.

Climate services are typically case specific, which implies that there are no one-
size-fits-all solutions. Nevertheless, knowledge sharing of good-practices is a key
to allow the transfer of proven concepts and methodologies to other regions and/or
similar contexts, e.g. from Europe to Africa.

In the past decades, the priority sectors of climate servicesweremainly agriculture
and forestry, water, energy and urban planning (cf. Cortekar et al. 2019). According
to latest studies, new priority sectors will emerge during the next decade (cf. Howard
et al. 2019), for which solutions will have to be developed and expertise needs to be
built or connected.

Conclusions

The last decade can be labeled as the ‘early years’ of climate services, the exploration
of a newfield necessary in a changingworld. The next decadewill show how this field
will mature, and how it can be mainstreamed in planning climate change adaptation
and societal transformation towards a +1.5° world. This requires a wise approach
to address the various challenges that lie ahead. The “World Climate Research Pro-
gram”, the “WorldAdaptation Science Program” and “Future Earth” create important
framework conditions for the further development of scientific principles (e.g. model
resolution) and the integration of scientific communities. The new orientation of the
forthcoming EU research framework program “Horizon Europe”will also strengthen
the link between research and society. It will be crucial tomake climate servicesmore
easily accessible to everyone, in an understandableway. Knowledge sharing and joint
learning will be key to do so, for which books like this are a good example.



26 Future Trends in Climate Services 519

References

Brasseur GP, Gallardo L (2016) Climate services: lessons learned and future prospects. Earth Futur
4:79–89. https://doi.org/10.1002/2015EF000338

Cortekar J, Themessl M, Lamich L (2019) Systematic analysis of EU-based climate services
providers. Clim Serv https://doi.org/10.1016/j.cliser.2019.100125

EuropeanUnion (2015)AEuropean research and innovation roadmap for climate services.European
Union, Geneva

GCF (2019) Adaptation: accelerating action towards a climate resilient future. Available
at https://www.greenclimate.fund/documents/20182/194568/gcf-wp1.pdf/9215ecb7–923a-9cfb-
e4ae-d8f0be6e7b29

Hoa E, Lê T-T, Cortekar J (2019) MARCO Del. 2.7—recommendations. http://marco-h2020.eu/
results/

Howard S, Howard S, Howard S (2019) Quantitative market analysis of the European climate
services sector—the application of the kMatrix big data market analytical tool to provide robust
market intelligence. Clim Serv. https://doi.org/10.1016/j.cliser.2019.100108

Larosa F, Mysiak J (2019) Business models for climare services: an analysis. Clim Serv. https://
doi.org/10.1016/j.cliser.2019.100111

UNFCCC (2018) Progress, experience, best practices, lessons learned, gaps, needs and support
provided in the process to formulate and implement national adaptation plans. UNFCC, Geneva

Perrels A, Harjanne A, Pilli-Sihvola K, Cortekar J, Lamich K, Hamaker-Taylor R, Stegmaier P,
Damm A (2018) EU-MACS Del. 5.1—a structured analysis of obstacles to uptake of climate
services and indentification of policies and measures to overcome obstacles so as to promote
uptake. http://eu-macs.eu/outputs/. Accessed 21 Oct 2019

Websites

CSP. http://www.climate-services.org
GFCS. https://gfcs.wmo.int. Accessed 21 Oct 2019
JPI Climate. http://www.jpi-climate.eu/home. Accessed 21 Oct 2019

https://doi.org/10.1002/2015EF000338
https://doi.org/10.1016/j.cliser.2019.100125
https://www.greenclimate.fund/documents/20182/194568/gcf-wp1.pdf/9215ecb7%e2%80%93923a-9cfb-e4ae-d8f0be6e7b29
http://marco-h2020.eu/results/
https://doi.org/10.1016/j.cliser.2019.100108
https://doi.org/10.1016/j.cliser.2019.100111
http://eu-macs.eu/outputs/
http://www.climate-services.org
https://gfcs.wmo.int
http://www.jpi-climate.eu/home

	Preface
	Contents
	Principles, Philisophy and 	Applications of Climate Services
	1 Introducing Climate Services and Their Applications
	Introduction
	Experiences from This Book
	Conclusions
	References

	2 BASIEC: A Coastal Climate Service Framework for Community-Based Adaptation to Rising Sea-Levels
	Introduction
	Rationale and Guiding Principle
	BASIEC Framework
	SLR Risk Information
	SLR Risk Communication
	SLR Risk Education

	SWOT Analysis of the BASIEC Framework
	Application of the BASIEC Framework
	Limitation and Scope of the BASIEC Framework
	Conclusion
	References

	3 Nitrous Oxide Emissions from Agricultural Farms and Its Contribution to Global Warming
	Introduction
	Materials and Methods
	Description of the Study Area
	The Nitrogen Cycle and the LEACHN Model
	Model Input Data Collection and Analysis

	Results and Discussion
	Laboratory Results
	Modelling Results: N2O Emissions Through Denitrification

	Conclusion
	References

	4 Business Strategies and Climate Change—Prototype Development and Testing of a User Specific Climate Service Product for Companies
	Introduction
	Methodological Approach
	Development of the “Company Analysis Tool”
	Structure and Content of the “Company Analysis Tool”
	Cooperation with Companies

	Results
	Recommendations for Action How to Integrate Climate Change into Business Strategies
	Conclusion
	References

	5 Why There Is More to Adaptation Than Creating a Strategy
	Introduction
	The Specific Adaptation Environment in Urban Areas
	The “GERICS Adaptation Toolkit for Cities” (“GERICS-Stadtbaukasten”)
	The Working Process
	Starting Point: Regional and Local Climate Information
	Communication Is Key
	Example: The Adaptation Challenge Thermal Comfort
	Example: The Adaptation Challenge Urban Flooding
	The Role of Climate Services and Further Needs for Research
	Conclusion
	References

	6 COREDAR: A Coastal Climate Service Framework on Sea-Level Rise Risk Communication for Adaptation Policy Planning
	Introduction
	Need for a Coastal Climate Service Framework on Sea-Level Rise Risk Communication for Adaptation Policy Planning and Decision-Making
	Methodological Approach
	COREDAR: A Coastal Climate Service Framework on Sea-Level Rise Risk Communication for Adaptation Policy Planning and Decision-Making
	Architecture of the Framework
	Stepwise Approach of the Framework

	Limitations and Scope
	Conclusion
	References

	7 What Do Users Expect from Climate Adaptation Services? Developing an Information Platform Based on User Surveys
	Introduction
	Climate Adaptation Services
	Literature Review: Awareness and Use of Climate Services
	Literature Review: Involving Users in the Development of Climate Services
	Methodologic Approach for Identifying User Needs for Climate Adaptation Services
	Results: Identified User Needs for Climate Adaptation Services
	Background of Potential Users
	Awareness and Usage of Climate Adaptation Services
	Further Needs for Climate Adaptation Services
	Requirements for Climate Adaptation Services
	Presentation on a Web Portal
	Barriers to Climate Adaptation
	Networking and Continued Exchange Among Users and Providers

	Developing the Climate Preparedness Portal Based on Identified User Needs 
	Structure, Quality and Synthesized Content of the KLiVO Portal
	Gap Analysis on Provided Services
	Continuous Exchange Between Users and Providers

	Conclusions: How to Develop User-Friendly Climate Services
	References

	8 Physical Climate Risks and the Financial Sector—Synthesis of Investors’ Climate Information Needs
	Introduction
	Overview of Investor Approaches
	Case Studies
	France
	Country-Specific Context: France
	User Needs

	The Netherlands
	Country-Specific Context: The Netherlands
	User Needs

	Norway
	Country-Specific Context: Norway
	User Needs

	Key Climate Information Needs of Investors
	Risk Awareness
	Risk Analysis
	Risk Management

	Conclusion and Way Forward
	References

	9 Public-Private Cooperation for Climate Adaptation—Providing Insurance Loss Data to the Municipalities
	Introduction
	Responding to Climate Change
	Insurance Loss Data as Part of Climate Services for the Municipalities
	Compilation of Three Studies on Insurance Loss Data
	Aims and Limitations

	Empirical Background and Existing Research
	Insurance in Norway
	Insurance Loss Data in European Climate Policies
	Existing Research and Experience on Public Access to Private Insurance Loss Data
	Insurance Loss Data as a Climate Service
	Environmental Psychology Contributes to Explain Efforts Towards Climate Change Adaptation and Mitigation

	Methods Applied in the Three Referred Studies
	Study 1—Pilot Project About Testing of Loss Data from the Insurance Industry for an Evaluation of Climate Change Vulnerability and Prevention of Climate Related Natural Hazards in Selected Municipalities
	Study 2—Status and Possibilities in the Use of Loss Data in the Work with Climate Change Adaptation
	Study 3—Attitudes in Norwegian Insurance Companies Towards Sharing Loss Data

	Results
	Study 1—Pilot Project About Testing of Loss Data from the Insurance Industry for an Evaluation of Climate Vulnerability
	Study 2—Status and Possibilities in the Use of Loss Data in the Work with Climate Change Adaption
	Study 3—Attitudes in Norwegian Insurance Companies Towards Sharing Loss Data

	Discussion and Conclusions
	Summary of the Main Findings
	Discussion of the Findings and Consequences
	Practical Arrangements of Sharing of Insurance Loss Data
	Constrains of the Research and Further Research

	References

	10 Evaluation of Climate Services: Enabling Users to Assess the Quality of Multi-model Climate Projections and Derived Products
	Introduction
	Collecting the Missing Pieces: The Survey
	Typical User Profiles
	Outcome of the Survey: Guidance Needed on Evaluation of Quality of Climate Data
	Evaluation of Quality of Climate Data and Derived Products
	QUACK—Quality Assurance Checklist Tool
	Benefits of QUACK
	Limitations
	Transferability
	Conclusion and Outlook
	References

	11 The Need for Science-Based Information.A Requirement for Top-Downand Bottom-up Decision-MakingProcesses
	12 Provision of Climate Services—The XDC Model
	Requirements for Methods That Measure Climate Impact
	XDC Model
	Familiar Concept: Science Based Targets
	XDC Model Output: Standard XDC and Scenario Based XDC
	XDC Model: Input Data Needed
	Basic Steps of Processing
	Step 1: Economic Emission Intensity (EEI) of the Company

	Step 2: Global Emissions
	Step 3: Climate Performance
	Example 1: Calculation of the Standard XDC for Enel S.P.A.
	Example 2: Calculation of a Scenario Based XDC for Enel S.P.A.
	Contextualisation of XDC Results
	Example 3: Target XDC Calculation

	Strategy Development for Transitioning Towards a <2 °C-World
	2 °C-Compatible Emission Reduction Pathway
	Example 4: Defining a 2 °C-Compatible Reduction Pathway
	Example 5: Assessment of Climate Mitigation Activities

	Evaluation of the XDC Model Against Requirements as Set Above
	Outlook
	References

	Case Studies on Climate Services
	13 Climatological Global Solar UV Index: Measurement and Health Issues in Malta
	Introduction
	The Current Maltese Scenario and the Aims of This Study
	UVR Measurements and Forecasts
	UVR Measurements Using Ground Based Instruments
	UVI Calculations Using BFRs
	UVR Estimation Methods

	Correspondence Between Forecast and UVER Data
	Forecast UVI Data
	Measurement of UVE Data
	Comparison Between Forecast UVI and UVER Data

	Awareness, Knowledge and Behaviour in Relation to UVI and Sun Protection
	Awareness and Impact of UVI Forecasts
	Preferred Sources by which UVI Forecasts are Communicated to the General Public
	Preferred Sources by which High UVI Alerts are Communicated to the General Public
	Knowledge in Relation to the Negative Impacts of Excessive Sun Exposure
	Use of Recommended Sun Protection Items During Summer
	Gaps Between Sun Protection Knowledge and Behaviour

	Long Term Trends in the Incidence of Skin Cancer in Malta
	Shortcomings of the Current UVI Concept and Recommendations for an Improved UVI Concept at Global Level
	The UVI Concept Is not Clear Enough and Can Be Confusing
	UVI Presentation Is Inadequate and Ineffective
	UVI Is not Being Promoted Enough
	UVI Promotion Should Be Part of Larger Sun Protection Initiative

	Recommendations for a More Effective Use of the UVI Tool Under a Climate Change Scenario
	Recommendations for a More Clearly Communicable UVI Concept
	Recommendations for Improved Local Sun Protection Campaigns
	Recommendations to Introduce Climatological UVER Data by the National Meteorological Office
	Recommendations Regarding the Increasing Trends of Skin Cancer in Malta Under a Climate Change Scenario

	Future Prospects
	Conclusions
	References

	14 Climate Change Risk and Insurance as an Adaptation Strategy: An Enquiry into the Regulatory Framework of South Africa and Ghana
	Introduction
	Insurance as a Climate Risk Adaptation Strategy in Developing Countries
	Climate Change Risks, Adaptation and Insurance: Policy Responses and Emerging Strategies from South Africa and Ghana
	Managing Climate Change Risks in South Africa: Linking Adaptation to Insurance
	Managing Climate Change Risks in Ghana: Linking Adaptation to Insurance

	Conclusion
	References

	15 Climate Services for Resilient Climate Planning of the Natural Heritage—Serbian Experiences
	Introduction
	Methodology
	Climate Services and Planning from International Perspectives
	Planning and Protecting Natural and Cultural Heritage in the Context of Climate Change in Serbia
	Climate Services and Planning—Serbian Context
	Overview of the Selected Case Study

	Conclusions
	References

	16 Impacts of Climatic Disasters in the Coastal Area of Bangladesh: ‘Climate Service’ a Way Forward
	Introduction
	Climate Service and Disaster Risk Reduction: A Brief Overview from Literature
	Research Method
	Details Findings of the Study
	Impact on the Road and Transportation System
	Impact on Drinking Water
	Impact on Health Service
	Climate Service for the Mitigation of the Impact of Climate Disaster on the Coastal Community of Bangladesh

	Concluding Notes
	References

	17 Towards More Resilient Food Systems for Smallholder Farmers in the Peruvian Altiplano: The Potential of Community-Based Climate Services
	Introduction
	Implementing the Global Agenda at the Local Level
	The Importance of Small-Scale Agriculture and Enhanced Access to Weather and Climate Information
	Conceptual Framework
	Objectives

	A Two-Stage Approach for Evidence-Based Action
	Climate Service Implementation as a Multidisciplinary Effort
	The Climandes Two-Stage Approach of a User Interface Platform
	Characteristics of the Implementation Context and Target Population

	Evidence for Action
	Vulnerability to Hazards Depends on Farmers’ Socio-economic Status
	The Evaluation of Crop Protection Measures for Effectiveness and Applicability
	A Frost Warning for Subsistence Quinoa Farming Potentially Values 2.7 Million USD for the Puno Region
	Why Do Farmers not Incorporate Weather and Climate Information into Their Decision-Making?

	Translating Evidence into Practice
	Community Outreach: A Promising Strategy for Designing User-Driven Climate Services
	Beyond Climate Service Implementation

	Summary and Conclusion
	References

	18 Meteorological Services for Forecast Based Early Actions in Indonesia
	Introduction
	Overview of Indonesia Climate Related Hazards
	Requirement of Forecast Based Early Actions (FbA)
	The Support of Meteorological Services for FbA Implementation
	General Findings
	Specific Findings
	Advances in Capacity of Meteorological/Climate Services
	Future Needs or Challenges in Capacity of Meteorological/Climate Services

	The Institutional Supports for FbA Implementation
	Conclusion and Future Prospects
	References

	19 Appraising Climate Services in Uganda: Impact on Adaptation and Mitigation of Climate Change
	Introduction
	Climate Change in Uganda
	Overview of the Concept Climate Services
	Methodology
	Climate Services Available in Uganda
	Challenges of Climate Information Services
	Climate Services and Climate Change Adaptation and Mitigation in Uganda
	Conclusion
	References

	20 Communicating Climate Change Impacts as Manifested in Extreme Weather: A Case of Newspapers’ Reports in Nigeria
	Introduction
	Methods
	Results and Discussion
	Examination of the Extent of Extreme Weather Events Reported
	Monthly and Seasonal Extreme Weather Events Reported
	Comparison of the Media Information with the Actual Extreme Weather Events Data from the National Emergency Management Agency (NEMA) for the Year 2001

	Conclusion
	References

	21 Climate-Indexed Insurance as a Climate Service to Drought-Prone Farmers: Evidence from a Discrete Choice Experiment in Sri Lanka
	Introduction
	The Role of Insurance as a Climate Service
	Agricultural Insurance in Sri Lanka

	Review of Literature
	Methodology
	Sample Selection and Data Collection
	Distribution of Key Indicators of Farmer Behavior Over the Five Agro-Ecological Regions in the Sample

	Descriptive and Analytical Results
	Land Use Characteristics of the Sample
	Socio-economic Profile of the Respondent Farmers
	Financial Penetration
	Exposure to Insurance
	Agricultural Risk Perception and Preferences for Climate Services
	Estimates from the Discrete Choice Model
	Limitations

	Conclusions and Implications
	References

	22 A Participatory Approach to Developing Community Based Climate Services in Zimbabwe: A Case Study of Uzumba Maramba Pfungwe (UMP) District
	Introduction
	Study Area
	Data and Methods
	Results
	Climatic Hazards Experienced in UMP
	Climate Information Access, Gaps and Challenges
	Demand for Climate Products
	Framework for Development of Climate Services

	Discussion
	Conclusion
	References

	23 Food Security in the Face of Climate Change at Kafa Biosphere Reserve, Ethiopia
	Introduction
	Materials and Methods
	Study Site
	Sampling and Data Collection
	Data Analysis

	Results and Discussion
	References

	24 Climate Information Services and Their Potential on Adaptation and Mitigation: Experiences from Flood Affected Regions in Bangladesh
	Introduction
	Climate Information Services
	BCCSAP, INDC & LAPA
	BCCSAP
	NDC
	LAPA

	Research Methodology
	Results and Discussion
	Climate Change Impact
	Climate Information Service: Information and Communication Methods in the Study Area
	Analyzing of Climate Information Services and BCCSAP
	Analyzing of Climate Information Services and INDC
	Analyzing Climate Information Services and LAPA

	Conclusions
	References

	25 Do Information and Citizens Characteristics Affect Public Acceptability of Landslide Protection Measures? A Latent Class Approach
	Introduction
	Survey Design and Data Collection
	Data Analysis
	Results
	LC-RPL Estimates
	Mapping Results and Policy Implications

	Conclusions
	References

	26 Future Trends in Climate Services
	The Development of Climate Services within the Next Decade
	Conclusions
	References




