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ABSTRACT

The global water and sanitation sector is faced with numerous problems.
Evident from Sub-Sahara Africa is the lack of access to potable water and
improved sanitation which has made water coverage and sanitation a worry for
most governments in low and middle-income countries. Climate change will
exacerbate these problems especially in the urban poor communities. There is
therefore the need to investigate how to make urban WASH services climate
proof. In line with achieving this aim, part of this work assessed the existing
WASH vulnerabilities, assessed the potential impacts of developed hydrological
scenarios on the existing vulnerabilities and developed recommendations for
various stakeholders using the Rapid Climate Adaptation Assessment (RCAA)
methodology. The other part of this work assessed the adaptive capacity of the
urban WASH sector by applying the Adaptive capacity wheel (ACW)
methodology. In the application of these two methodologies, qualitative
empirical data were collected from semi-structured interviews, direct
observations and focus group discussions. The empirical data collected helped
to understand the stakeholders’ climate change awareness, the linkages in the
local vulnerabilities, and ways to enhance the adaptive capacity of the WASH
sector. This research argues that the vulnerabilities of the WASH services are
similar within and across the ecological zones in Ghana. These vulnerabilities
resulted from intermittent water supply, poorly managed solid waste and lack of
spatial planning which are problems in urban poor WASH management. Though
these vulnerabilities were arrived by simple hydrological scenario, they show
the need for adaptation measures to be incorporated into urban poor WASH
planning. To integrate adaptation measures to achieve resilience, this work
further argues that the adaptive capacity of the sector can be enhanced by
improving the learning capacity and motivation of stakeholders as well as
empowering larger-scale institutions to provide structures and guidance at the

lower- and individual level.
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1 INTRODUCTION

This chapter gives the background to the research by explaining the rationale of
the thesis. It is followed by the aim and objectives, the explanation of the
ecological zones and what they mean for this research. This chapter ends with
the science of climate change which highlights the causes of climate change as

well as the relevant debates under this topic.

1.1 Rationale for the research topic

Current data from the World Health Organization (WHO) and United Nations
International Children’s Emergency Fund (UNICEF) Joint Monitoring
Programme (JMP) suggest that 844 million people lack access to basic drinking
water service and 2.3 billion people also lack access to basic sanitation service
(WHO/UNICEF JMP, 2017). The World Health Organization (WHO) states that
Sub-Saharan Africa is home to half of these people living without access to
improved water sources (WHO, 2014). The Millennium Development Goal
(MDG) of halving the number of people in the world without access to proper
drinking water and improved sanitation by 2015 could not be realized in Sub-
Saharan Africa hence lots of efforts must be channelled into achieving the
Sustainable Development Goals (SDG). Though water and sanitation coverage
has improved, there are still deficits in achieving “universal and equitable
access to safe water and sanitation for all” by 2030 (WHO, 2014) and this

needs addressing.

Ghana is a developing country in Sub-Saharan Africa that is striving to expand
access to water and sanitation services. In 2015, the WHO and UNICEF
reported that 50.1 % had access to basic drinking water whilst 14.3 % had
access to basic sanitation services in Ghana (WHO/UNICEF, 2015). This shows
that Ghana has to commit a lot of effort in achieving the SDG target of providing
universal and equitable access to safe water and sanitation for all by 2030.
However such efforts are being undertaken during a period of climate change
that is a particular complicating factor in this process. Observed data from 1960

to 2003 depicts an increase in the mean annual temperature by 1.0°C and it is



predicted to rise by a further 1°C to 3°C by 2060 (McSweeney et al., 2010).
Annual rainfall is also projected to decrease in all regions in Ghana and the
percentage decrease tends to increase from north to south. This will severely
impact the water sector (Bates, 2009). There are two components of the water
sector; resources and services (Howard et al., 2010) and both will be affected
by climate change. The United Nations Environmental Programme (2010)
predicts that Ghana will be water stressed by the year 2050. This will bring
about a situation where the water available will be insufficient to meet the
demand because the available water will decrease. Existing water services’
management practices are not robust enough to deal with the impacts (Bates,
2009), so Heath et al. (2012), argues that better water management practices

are needed to deal with these impacts.

Ghana, in dealing with issues related to climate change, identified ten sectors
that were vulnerable to climate change (EPA, 2008). The National Climate
Change Policy (NCCP) further identified ten programme areas that address
both adaptation and mitigation issues. One area relevant to this discussion is
the minimization of the impacts of climate change on access to water and
sanitation. Though the resources part of the water sector has seen more
research in terms of climate proofing, little attention has been given to the
services that also play a part in ensuring sustainability of the WASH sector.
Works such as (Kankam-Yeboah et al., 2010; Owusu et al., 2016), focused on
water resource resilience, acknowledge the need to adopt and implement
IWRM as well as control the population growth. What then must be done to the
technology and the management aspect of the water sector? There is the need
to advance research to know the ways in vulnerability relates with impacts; the
types of responses that are already used to minimize risk and build resilience
and workable measures that can be put in place to climate proof water and
sanitation services in Ghana. Making water and sanitation services resilient to
climate change will “avoid water quality deterioration, unavailability of water and
sanitation systems which contaminates the environment as it would lead to

major public health consequence” (Oates et al., 2014).



This work seeks to assess the vulnerability of water and sanitation services in
Ghana and recommend adaptations to make them climate proof. This
vulnerability will be looked at in urban poor communities within and across
ecological zones, as the National Climate Change Adaptation Strategy
(NCCAS) reiterates the fact that Ghana’s vulnerability to climate change is
“spatially and socially differentiated” and this makes each ecological zone have
unique “physical and socio-economic characteristics that define their sensitivity
and resilience to climate change impacts” (MEST, 2012). The urban population
forms more than half of the Ghana’s population (Ghana Statistical Service,
2012) and rural-urban migration is projected to increase due to effects of
climate change on Agriculture (Tacoli, 2009; Van der Geest, 2011). The urban
poor is vulnerable to climate change because of inability to deal with impacts on
its livelihood and health (Dasgupta and Baschieri, 2010; Hulme et al., 2001).
This needs to be addressed so as to avoid what Owusu and Oteng-Ababio
(2015) describes as a bipolar urban society with the rich on one hand and the

poor on the other.

Table 1-1 National Climate Change Policy (NCCP) programme areas

1. Develop climate-resilient agriculture and food security systems

2. Build climate-resilient infrastructure

3. Increase resilience of vulnerable communities to climate related risks

4. Increase carbon sinks

5. Improve management and resilience of terrestrial, aquatic and marine

ecosystems

6. Address impacts of climate change on human health

7. Minimize impacts of climate change on access to water and sanitation

8. Address gender issues in climate change

9. Address climate change and migration

10. Minimize greenhouse gas emissions




1.2 Ecological zones in Ghana

Ghana has three broad climatic zones (Stanturf et al., 2011) which are
subdivided into six ecological zones; Sudan savannah, Guinea savannah,
deciduous rainforest, Rainforest, Costal savannah and Transitional zone as
shown in Figure 1-1 below. These ecological zones have been delineated
based on the amount of rainfall they receive a year and the type of vegetation

found in these zones (Minia, 2008).

BURKINA FASO

Figure 1-1 Map showing ecological zones in Ghana (Kemausuor et al., 2013)

As shown in Table 1-2, Rainforest records the highest annual rainfall of 2200
mm/yr whiles the Coastal savannah receives the lowest rainfall of 800 mm/yr. In
terms of land area, the Guinea savannah covers 63% of Ghana’s total land area
whiles Sudan savannah covers the smallest land area of 1%. The Sudan and

Guinea savannahs have a single growing season as compared to the double



growing seasons of the remaining four climatic zones. All these ecological

zones are affected by rainfall variability (Owusu and Waylen, 2013).

Table 1-2 Characteristics of Ecological zones in Ghana (Source: AQUASTAT,

2005)

Ecological zone Area Mean annual rainfall | Major rainy | Minor rainy
(km? (mm) season season

Rain Forest 9500 2200 March-July | Sept.-Nov.

Deciduous Forest 66000 1500 March-July | Sept.-Nov.

Transitional Zone 8400 1300 March-July | Sept.-Oct.

Coastal Savannah 4500 800 March-July | Sept.-Oct.

Guinea Savannah 147900 1000 May-Sept.

Sudan Savannah 2200 1000 May-Sept.

1.3 The science of climate change

Climate change is defined by the Intergovernmental Panel Climate Change
(IPCC) as transformations in the climate’s state that can be determined by
variations in the mean climatic conditions and/or the changes in its properties.
These changes continue for a lengthy period, usually decades or more (IPCC,
2007). Climate change is also described by the UK MET office as an extensive
change in the planet’s weather sequence or mean temperatures for a lengthy
period (UK Met. office, 2015). These two definitions differ slightly from that
given by the United Nations Framework Convention on Climate Change
(UNFCCC), where climate change is understood to be a “change of climate
which is attributed directly or indirectly to human activity that alters the
composition of the global atmosphere and which is in addition to natural climate

variability observed over comparable time periods” (UNFCCC, 1992).

1.3.1 Causes of climate change

Elements that have an influence on climate are known as climate forcings or
forcing mechanisms (Smith, 2013). These forcings may be either internal or
external. Internal forcing mechanisms are activities such as the thermohaline
circulation that occur in nature within the climate system. External forcing

mechanisms are basically natural processes such as variations in solar output



and volcano eruptions or anthropogenic processes such as intensified release
of greenhouse gases (Brown et al., 2014). The increase in temperature of the
earth, which is caused by trapped solar radiation in the atmosphere, is known

as the greenhouse effect (Oreskes, 2005).

The reaction of the climate system in response to the mode of the initial forcing
mechanism may be fast, slow or a combination of both. While certain
components of the climate system react more quickly to climate forcings, others
such as oceans and ice caps respond more slowly (Smith, 2013). Though the
response of the climate system may sometimes be swift, its complete reaction
to the forcing mechanism may not be fully established for centuries (Brown et
al., 2014). Because it takes a long time to establish the complete reactions of
the forcings, there is often in the climate science

1.3.2 Global warming and the greenhouse effect

One of the arguments in the climate change scholarship has been whether
human activities are increasing the greenhouse effect. Nonetheless, various
evidences point to the fact that the current global warming cannot be attributed
to changes in solar energy (Oreskes, 2005). For instance, the average solar
energy has either stayed constant or slightly increased since 1750 (Stocker et
al., 2013). Again, assuming there has been drastic increase in average solar
energy, warmer temperatures would have been observed in all layers of the
atmosphere. Rather, research has shown that warming is only observed at the
surface and bottom layer of the atmosphere, whereas the upper layer is being
cooled. This is due to the fact that the heat is being trapped by greenhouse
gases in the lower layer of the atmosphere (Oreskes, 2005). Moreover, the
depiction of climate patterns that include solar irradiance variations cannot
replicate the temperature trend observed by scientists over the past centuries

without observing an increase in greenhouse gases (Lean, 2010).

Persistent gases with little or no response to chemical or physical variations in
temperature continue to exist within the atmosphere and these gases block the
earth’s heat radiations from escaping the earth. As stated earlier, human

activities continue to increase the greenhouse effect, thereby altering the



natural greenhouse. The IPCC emphasizes in its Fifth Assessment Report
(AR5) the significance effect of human activities on global warming. The report
concluded that over the past 50 years, there is more than 95% chance that
global warming and increase in greenhouse gases have been greatly caused by
human activities (Stocker et al.,, 2013). The greenhouse gases include the
methane, carbon dioxide, Nitrous oxide, chlorofluorocarbons and water vapour
(Karl et al., 2009). Schmidt et al.(2010) used data 1980 atmosphere data from
NASA as baseline to estimate that water vapour accounted for half of earth's
greenhouse effect, with clouds contributing 25%, carbon dioxide 20%, and the

minor greenhouse gases and aerosols accounting for the remaining 5%.

1.3.3 Debates around climate change

Both sides of the debates on global climate change are of the view that the
earth’s temperature has increased and also the atmospheric concentration of
greenhouse gases such as carbon dioxide and methane have significantly
increased (Randall, 2011). However, whilst one side argues that human
activities have significantly increased the atmospheric concentration of
greenhouse gases and thus have a direct impact on climate changes such as
global warming and rising of the sea level, the other side argues that the
greenhouse gases generated from human activities are too low to have a
significant effect on climate change. The latter is of the view that research that
attributed global climate change to human activities was based on questionable
climate models and measurements and thus not conclusive. Instead, they
maintain that global climate change is caused mainly by natural processes such
as fluctuations in solar radiation and ocean currents. This has been the major
argument for the withdrawal of the United States from the signing of the Paris
Agreement (UNFCCC, 2015). Despite this two-sided scientific debate, the
scientific consensus by the IPCC is that climate change is anthropogenic. This
thesis therefore assumes the position that climate change is anthropogenic and
is already happening. The Paris agreement deals with mitigation of greenhouse
gases emissions, adaptation and finance starting in the year 2020. The Paris
Agreement coupled with the need to achieve Sustainable Development Goals



(SDGs) give cause for climate change issues to be considered in various
sectors, especially in a sensitive sector like the water and sanitation water. This

research therefore seeks to contribute to that discussion.

1.4 Aim and objectives

The research investigates how to climate proof urban water and sanitation
services to achieve resilience. To achieve this main objective, the following

specific objectives were investigated:

e To develop probable hydrological scenarios from climate predictions in
Ghana and assess and compare across ecological zones their impacts

on urban WASH services.

o To develop recommendations for the various stakeholders directly

involved in achieving resilience of urban WASH services.

e To investigate how stakeholder politics, economics and power affect the

ability of stakeholders to implement adaptation policies in Ghana.

The major academic contribution of this work will be to apply the RCAA
methodology within and across different ecological zones and compare the
impacts of climate change on urban WASH services. In doing so the work will
further develop the RCAA methodology and apply the developed RCAA in
Ghana in order to develop recommendations on how best to climate proof the
WASH service. This work further assessed the adaptive capacity of the WASH
sector in Ghana to understand what the challenges and opportunities are for the

sector and how to ensure that the sector achieves resilience.

1.5 Thesis structure

To ensure that the thesis communicates the right information in a structured and
a coherent way, the thesis has been structured into 8 chapters as explained

below.

» Chapter One ‘Introduction’ — This is the chapter that introduces the

research.



Chapter Two ‘literature review’ — Presents a review of key literature on
the three main concepts of climate change adaptations. This section
discusses appropriate definitions and conceptual frameworks of
vulnerability, resilience and adaptive capacity. It focuses on exploring the
linkages between these epistemologies and how they have been applied
in climate change adaption literature.

Chapter Three - This chapter looks at the two main methodologies used
to assess the vulnerability of the WASH services, potential impacts of
climate change and the adaptive capacity of the WASH sector. It
describes the research approaches and the types of data collected. The
limitations of the various methodologies were also discussed in this
section.

Chapter Four - Presents for each selected urban city within the
ecological zone, the vulnerabilities of the WASH services. The
assessment also looks at who is vulnerable, what is vulnerable and how
they are vulnerable. It presents the WASH vulnerability assessment from
the fieldworks in Kumasi, Accra and Tamale.

Chapter Five - This chapter presents the developed hydrological
scenarios from climate change projections. It further looks at the potential
impacts of climate change on the existing vulnerability discussed in the
chapter four

Chapter Six - Presents an assessment of the adaptive capacity of the
WASH sector in Ghana. It explains the various adaptive capacity
dimensions and explores which characteristics of this sector enhances or
hinders its adaptive capacity.

Chapter Seven — This chapter develops and tests the hypothesis of
similar WASH vulnerabilities from the case study. It further looks at
where this research sits in terms of theoretical contribution to the
adaptive capacity literature.

Chapter Eight - This chapter develops the conclusions from the research
to clarify how the various objectives were achieved. The chapter also



explains the knowledge contribution of the research, the implications, its

limitations and what it means for future research.
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2 LITERATURE REVIEW

The purpose of this chapter is to review key literature on the three main
concepts of climate change adaptations. This section discusses appropriate
definitions and conceptual frameworks of vulnerability, resilience and adaptive
capacity. The chapter starts by introducing the major body of discussion
followed by the review of vulnerability, resilience and adaptive capacity
literature. This chapter also discusses various frameworks and highlights

examples of their applications as well as strengths and weaknesses.

2.1 Introduction

Adaptation and mitigation have gained a lot of attention in the climate change
literature in most developing countries (Fussel, 2007) as a way of dealing with
climate change. Mitigation is defined as “an anthropogenic intervention to
reduce the sources or enhance the sinks of greenhouse gases” (IPCC, 2001).
Though mitigation seems to be the best means of avoiding risks related to
climate change, it is too late to rely solely on mitigation (McGranahan et al.,
2007) because data shows that climate change is already occurring
(IPCC,2001), and hence adaptation is increasingly prioritized. Human societies
have always had to adapt in other to survive. Adaptation has been studied not
only in sociology and history but also in evolutionary biology (Ridley, 1996;
Diamond, 2005). A system’s behaviour changes to react to external events by
the altering of its intrinsic characteristic. Most adaptation definitions are
distinguished on the basis of the end product or the process of adaptation (Kelly
and Adger, 2000). McCarthy et al. (2001) defines adaptations as “actions
targeted at the vulnerable system in response to actual or expected climate
stimuli with the objective of moderating harm from climate change or exploiting
opportunities”. The IPCC provides a general view by defining adaptation as an
“adjustment in natural or human systems in response to actual or expected
climatic stimuli or their effects, which moderates harm or exploits beneficial
opportunities” (IPCC, 2001) The aim of adaptation is to prevent risk and reduce
vulnerability and helps cope with extreme events and to take advantage of the

opportunities that comes with the potential impacts of climate change. In order
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to make decisions regarding adaptations, vulnerability assessment is prioritized
(O’Brien et al., 2007). Vulnerability assessment paints a clear picture of the
problems and opportunities of the system being assessed. This literature review
will therefore look at vulnerability and other closely related scholarships that

help understand the climate change adaptation discourse.

2.2 Vulnerability

The purpose of this section is not to review conceptual frameworks applied in
the vulnerability literature. It begins with an overview and it is followed by a
review of the various types of vulnerability. The section concludes with a

discussion of the major debates in this literature.

2.2.1 Overview

Vulnerability is a term that is widely used across various disciplines. Cutter
(2006) reviewed the early debates around the definition of vulnerability from the
early eighties to mid-nineties. The early debates were centred on Timmerman
(1981) definition of vulnerability as “the degree to which a system acts
adversely to the occurrence of a hazardous event” Vulnerability can be
classified as internal or external, current or future, dynamic or static, a starting-
point or an end-point, as a hazard, as an attribute of concern or within a
particular knowledge domain. Yet the multi-disciplinary origin of the term
“vulnerability” in climate change literature has given rise to three approaches in
classifying vulnerability. Various ways of describing and defining vulnerability
led to these various approaches. To streamline the classification of vulnerability,
vulnerability approaches have been looked at as biophysical, social or
integrated approach. Most researchers like (Adger, 1999; Brooks, 2003; Cutter,
1996; Fussel and Klein, 2006; Ribot, 2014) have distinguished between social
vulnerability and biophysical vulnerability but the exact meaning of these
classifications is still “polarized”(Colette, 2016), Adger (2006) attributes the
polarized meaning of social and biophysical approaches to the multi-discipline
origin of vulnerability and argues that it is a strength rather than a weakness of
the vulnerability scholarship. There are other researchers like (Soares et al.,

2012 and Nguyen et al., 2016) who looked at an integrated (combination of
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biophysical and social) approach in contextualizing vulnerability. The following
sections will look at the three main approaches in details.

2.2.2 Biophysical approach

Biophysical vulnerability is closely related to the concept of risk such that most
literature refers to this approach as the risk-hazard approach. Brooks, (2003))
reviewed various definitions of risk which included the IPCC (2001) definition of
risk as “a function of probability and magnitude of different impacts”. Risk is the
possibility of a hazard happening and it is considered by the type or nature of
the hazard. The type of hazard could be meteorological, hydrological, geological
or transportation and the magnitude could be low through medium to high. The
level of vulnerability is therefore determined by the degree of risk, magnitude,

duration and exposure to the hazardous event (Colette, 2016).

Biophysical denotes both the physical component and the biological component
of the system that reduces or increases the impacts (Brooks, 2003). The
amount of damage a system suffers when in contact with a hazard is known as
the biophysical vulnerability. This approach with its base in natural hazards
looks at how the hazard is distributed, who lives within the catchment of the
hazard, who is inadequately prepared for the hazardous event and what the
severity of the hazardous event is (Muler and Bonetti, 2014). The consideration
is on “who is vulnerable rather than why. It gives much attention to people likely
to be affected without explaining why they are vulnerable. In such researches,
the physical and biological components of the system are quantified to show
how many are likely to be affected. It also focuses on indicators rather than
justification and solutions rather than causes” (Ribot, 2014). This approach
prioritizes the likelihood of an event occurring, the possible outcomes and the
expected damage. For example, Turner et al. (2003) observed that intensified
climatic conditions cause monetary loss, property loss/damage or human

mortality.

The risk-hazard concept shown in Figure 2-1 was developed by Turner et al.
(2003). This framework considers the impact of a system after the system

becomes sensitive to an exposed “exogenous hazard”. Under this framework,
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as explained in previous paragraphs, vulnerability is made up of exposure,
sensitivity and the impacts. For example, a community closer to the sea and on
a low-lying ground becomes vulnerable to flood due to sea level rise. This is
similar to observations made by Addo (2015) when he assessed the
vulnerability of Ghana’s coast to sea level rise. He concluded that over 157,738
people were likely to be displaced by the year 2100. This work however did not
look at the internal characteristics of the community that makes them vulnerable
but rather assumes that the hazard (sea level rise) is the major cause of these

loses.

Another application of the Risk-Hazard framework is the rapid participatory tool
developed by Campos et al. (2015) to identify vulnerable communities and to
select and support risk mitigation programmes. In applying the methodology,
they considered the extent of hazardous events related to faecal contamination
of the environment, the level of local community exposure to this hazard, and
vulnerability factors that exacerbate the impacts of infection. They concluded
that the tool can assist sanitation planning by translating the theory of disease
transmission into a practical framework. This work just like most application of
this framework tries to separate the effect of climate change from existing social

conditions.

e Vulnerability | -

Hazard i :
Event Impacts

Dose-response f
—p (Sensitivity)

Exposure

Figure 2-1 Biophysical (risk-hazard) framework (Turner et al., 2003)

The impact analysis as shown in Figure 2-2 as developed by Ribot (2014) and it
looks at the numerous outcomes of a single climate event. This approach traces

a linear causal event back to the environmental hazard itself. This approach

14



looks at what drought or flood causes. It could include loss of livelihood, hunger
and famine. This approach was just modelled out of the risk-hazard approach
explained above. Just like all frameworks under the biophysical approach, it
neglects economic, political, social and cultural factors in the estimations of
vulnerability (Cardona, 2003) and it is more illustrative but not explanatory
(Fussel, 2007). This approach according to Watts & Bohle (1993) fails to
consider the role of social structures and institutions which also influences
vulnerability. Therefore, most researchers have looked at an alternative

approach which considers why people are vulnerable.

IMPACT ANALYSIS

Single climate Multiple outcomes

event
— »  Reduced Wellbeing

»  Dislocation

*  Loss of Livelihood

Drought m————

*  Hunger

»  Famine

»  Economic Loss

Figure 2-2 Biophysical (impact analysis) framework (sourced from Ribot, 2014)

2.2.3 Social approach

Social vulnerability approach looks at vulnerability from a social construct point
by considering culture, economy and history of an individual or a group of
people and looking at how these factors hinder their ability to cope with or
respond to disasters (Adger, 1999; Brooks, 2003; Cutter, 1996; Mahapatra et
al., 2015). This approach considers vulnerability as an inherent property of the

system rather than an external hazard. It considers vulnerability as a threat
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within a society by highlighting the “properties of a social system (the assets,
protections, institutions, and relationships) that mediate the outcome of the
hazard event and influence the capacity to adapt in the face of climate events
(Adger, 1999; Ribot, 2014). Usually a lower socio- economic status means one

is more vulnerable (Cutter et al., 2003)

To understand the complex social interactions that affect the vulnerability of a
system, social vulnerability indices have been developed. These indices have
been developed either by an inductive or a deductive method. The inductive
method is based on statistical relationships (Adger et al., 2004) whiles the
deductive method is based on theoretical understanding of relationships. These
indicators do not always serve the purpose of comparability since some indexes
may be invalid and data might be hard to come by in certain countries.

The Pressure And Release (PAR) framework was developed by Turner et al.
(2003) as shown in Figure 2-3. This framework explains that root causes
translate into dynamic pressure which results in unsafe conditions. Root
causes could be politically or economically motivated. Dynamic
pressures exacerbate these root causes within the community, like shift
in livelihood activities. This forms the base vulnerability which causes a
disaster when faced with a hazard. This framework conceptualizes
disaster as a merger between physical exposure and socio-economic
difficulties in a system therefore disaster comprises of a hazard and a
process generating vulnerability which is an intrinsic property of the
system. The PAR framework is very useful but it does not factor the
human and environmental part of the system into its vulnerability
assessment. Also, the sequence of how the hazard occurred is not

detailed under this framework.
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Figure 2-3 Social (Pressure and Release) framework (Turner et al., 2003).

Figure 2-4 also known as the vulnerability analysis looks at the numerous
factors that result in a single outcome. This framework explains that the society
has its own intrinsic characteristics that makes it vulnerable hence tends to see
natural phenomena as just playing a role but not as having ‘caused’ the risk or
damage in the face of an event (Brooks, 2003). The vulnerability analysis
framework “empirically traces the causes of vulnerability from specific instances
of crisis by explaining why a given individual, household, group, nation or region
was at risk of a particular set of damages” (Ribot, 2014). A widely used tool
developed from this framework is the DFID Sustainable Livelihood Framework.
The DFID sustainable livelihood framework helps stakeholders assess
sustainable livelihood strategies by understanding the assets available to them
within the context of the prevailing institutions, policies and processes. DFID
deems a livelihood to be sustainable “when it can cope with and recover from
stresses and shocks and maintain or enhance its capabilities and assets both
now and in the future, while not undermining the natural resource base” (DFID,
2000).

The vulnerability analysis framework traces crisis instances to understand why
the system is vulnerable. It is more concerned with asking questions pertaining
to how rather than who. It seeks to explain rather than just justify vulnerability.
Criticizing the social vulnerability approach, Hewitt (1997) argues that the social
approach has the tendency to neglect people’s perception of a disaster. Also,
Bankoff (2003) argues that the underlining principles of the social approach
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were shaped by a certain culture and may not work in a different culture. It does
not provide enough details on the sequence that led to the hazard (Pimm,
1984). It is also inadequate when it comes to issues of sustainability (Turner et
al., 2003).

VULNERABILITY ANALYSIS

Multiple Causal Factors: Specific

Outcome:
Exploitation
Resource Access Poverty

Political Exclusion

Market Fluctuations

Unstable Policy

. LOSS OF
Environmental Variability LIVELIHOODS|

or Change

Poor Infrastructure

Poor Social Security System

Lack of Planning

Figure 2-4 Social (vulnerability analysis) framework (Ribot, 2014)

2.2.4 Integrated approach

This approach instead of looking at what happens after a disaster, according to
Colette (2016) is more concerned with the processes that lead to a disaster.
The integrated approach, considers vulnerability as both biophysical and social
but within a geographical context (Cutter, 2006). The geographical context can
be who is vulnerable or where these vulnerable people or places are located.
This considers the type of hazard and its effect on both physical and biological
components of the system under consideration. The integrated approach
considers the most vulnerable as people most exposed to hazards, those who
possess a limited coping capacity and those who are unable to recover (Bohle
et al., 1994). The poor can reside in a resilient biophysical environment and be
vulnerable, and the wealthy can be in a fragile physical environment and not be
vulnerable (Liverman, 1994). This approach encourages the development of
other factors that affects the vulnerability of a system. In line with this, United
Nations (2004) proposed the inclusion of economic, physical, social, and
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environmental factors in the assessment of a vulnerable system. Fekete (2009)
also suggested the inclusion of economic, ecological, social, political and

technological aspects in the vulnerability assessment literature.

A framework for assessing the integrated vulnerability called hazards-of-place is
shown in Figure 2-5. This approach was developed by Cutter (1996) and
modified as seen in this work by Cutter et al (2003). This approach is
characterized as having both external and internal (capacity) dimensions
however, it runs into boundary problems because the line drawn between the
two dimensions depends on what is being analysed (Colette, 2016). Frigerio
and De Amicis (2016) explored the spatial patterns of Social Vulnerability Index
across ltaly, using cluster analysis based on the Hazards-of-Place model
approach. They first outlined the main variables that indicate aspects of
vulnerability of Italy to natural hazards and then applied a Principal Component
Analysis (PCA) to identify the underlying components that make a territory
socially vulnerable to natural hazards. As a critique to this work and all Hazards-
of-Place model approach, Gaillard (2010) argues that this approach instead of
integrating social and biophysical context ends up emphasizing the biophysical
factors of risk, attributing pain and suffering to natural phenomena. In this
sense, it has been criticized as always focusing on either the social or
biophysical aspect without properly being able to address the two equally in
researches. A typical example is when Holand et al. (2011) applied both socio-
economic and built environment indicators to assess the social vulnerability to
natural hazards of municipalities in Norway. They argued that the two indicators
must not be applied in the same research as the real picture is painted clearer
when only one of the indicators is applied.
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Figure 2-5 Integrated (Hazards-of-Place) framework of vulnerability (Cutter et al.,
2003)

2.2.5 Discussion of vulnerability

Two major differences between the social and biophysical approaches are
highlighted in this section. The first is that biophysical approach traces a linear
causal relation back to the climate hazard itself whiles social approach traces a
cause to multiple social and political-economic factors (Ribot, 2014). The
second difference is that biophysical approach originated from the realist school
whiles the social approach originated from the constructivist school. The realist
school shaped the idea that biophysical approach is dependent on the
sensitivity of the system. The constructivist school underpins the concept that
vulnerability is a property of the system rather than an outside force.
Vulnerability whether approached as biophysical, social or integrated has been
applied in various ways but it is unclear whether vulnerability is characterized
as an outcome or as a context where risk is managed and adapted to (O’Brien
et al., 2007). The next paragraphs will discuss a few applications of this
scholarship.

On a worldwide application of vulnerability research, Brooks et al. (2005)
presented a set of vulnerability indicators which was derived using empirical
analysis of data aggregated at the national level and indicated that the most
vulnerable nations are those situated in sub-Saharan Africa and those that are
just coming out of conflict. Dwyer et al. (2004) integrated social issues into
hazard-of-place model development to rank the risk to communities by
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developing a quantitative method for measuring the vulnerability of an individual
within a household as a means of identifying those at risk to natural hazards. In
India, Mahapatra et al. (2015) used socioeconomic and physical variables to
develop an integrated coastal vulnerability index for the South Gujarat coast.
They used five physical variables — “coastal slope, coastal landforms/features,
shoreline change rate, mean spring tidal range, and significant wave height, and
four social variables -population density of adjacent coastal villages, land
use/land cover, proximity to road network and settlement”, to determine the
sections of the coast deemed vulnerable This work however focused more on
the physical conditions rather than the social conditions.

Vulnerability assessment is not new to Ghana as this paragraph outlines some
of the researches that have taken place in Ghana. Dumenu and Obeng (2016)
developed indicators to assess the social vulnerability of rural communities in
four of the six ecological zones in Ghana and advocates for local area-specific
policies to reduce vulnerability and make adaptations work. Also, (Westerhoff
and Smit (2009) assessed vulnerability by using semi- structured interviews and
focus group discussions in a case study in Mimkyemfre in Ghana and observed
that the community was both biophysically and socially vulnerable. They
therefore advocated for the need to understand the economic, social and
institutional challenges before planning adaptations. Finally Hesselberg and
Yaro (2006) did an in-depth study to describe the food insecurity situation in
three villages in northern Ghana. A social approach was used emphasising the
vulnerability of the peasants’ adaptation to a marginal and remote area and
argued that multiple income sources are necessary to reduce food insecurity for
all but a small part of the peasant households. In adaptation literature,
vulnerability is discussed in relation to resilience and adaptive capacity. The
next section will review resilience literature and then adaptive capacity literature
followed by a discussion of the relationships between these three widely
researched scholarships.

21



2.3 Resilience

The purpose of this section is not to review conceptual frameworks and their
applications in the resilience literature but to understand where resilience fits in
terms of the broader climate change adaptation literature discourse.

2.3.1 Overview

The concept of resilience in climate change literature originated from the
psychology literature where it was defined as the “toughness, persistence and
constructive perception of events which help withstand their negative
consequences and recover with optimism and buoyancy” (Manyena, 2006).
Resilience found its way into the ecology literature after it was conceived by
Holling (1973) as a measure of a “system’s integrity and it implies assimilating
change and disturbance by preserving organizational functioning without major
divergence”. This concept has its roots in the psychology definition of resilience
as it conceptualizes the system to have the ability to fluctuate within the domain
of attraction without being pushed over the boundaries. According to Weick &
Quinn (1999), resilience is not only about functioning continuously, but it is also
about exploiting the change that is absorbed. The change must be exploited to
create a superior performance than there was previously by turning challenges

into opportunities (Lengnick-Hall & Beck, 2003).

Manyena (2006) argues that the concept associated with resilience was
adopted into the disaster literature without understanding clearly the various
dimensions and definitions. However, Cutter et al. (2008)) brings more
understanding and clarity into the literature by defining resilience as “the ability
of a social system to respond and recover from disasters and includes those
inherent conditions that allow the system to absorb impacts and cope with an
event, as well as post-event, adaptive processes that facilitate the ability of the
social system to re-organize, change, and learn in response to a threat”. This
definition shows in conceptual terms that vulnerability is closely related to
resilience. Vulnerability is sometimes understood as being opposite to resilience
(Engle, 2011), and other times as a risk factor whilst understanding resilience to

be the to respond to the risk factor (Manyena, 2006). The thought that
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vulnerability and resilience are opposite emanates from viewing resilience as an
outcome. Barnett & O’Neill (2010) defined resilience as an outcome to mean the
ability to either cope or bounce back. Those who view resilience as a capacity
to respond define it as continual learning process that takes responsibility for
making better decisions to improve the capacity to handle hazards (Cutter et al.,
2008). Resilience whether treated as an outcome or a process provides hope

during disaster.

Though resilience helps maintain hope and strength during difficulty (Johnson
and Wiechelt, 2004), it is not always positive. Resilience may be negative and
perverse (Gallopin, 2006). This happens when a system becomes vulnerable in
the future due the past resilience measures. In Melbourne as part of adapting to
climate change, a desalination plant and pipelines were constructed to increase
resilience. However, years after the projects, low income communities become
more vulnerable as they could not afford the high tariffs and hence did not get
access to the water. Also during the construction phase of the project, large
amounts of energy were used which also increased the emission of greenhouse
gases (Barnett & O’Neill, 2010). To prevent negative resilience, Cutter et al.
(2008) argues that resilience should be conceptualized as a dynamic process.
In line with this, the United Kingdom’s Department for International
Development (2011) acknowledges the negativity of resilience by defining
resilience to include transformation that does not compromise the long term

prospects of a system.

Various resilience tools have been designed to assess and enhance resilience
at different scales. These tools have assessed the resilience of communities,
cities and countries. For example, the Communities Advancing Resilience
Toolkit (CART) is a community intervention tool which was designed to
enhance resilience by bringing together community stakeholders to take action
to address community issues (Pfefferbaum et al.,, 2013). The Arup’s City
Resilience Framework and Index (CRFI) is a framework that measures city
resilience by defining and measuring indicators such as robustness,

redundancy and resources (Arup, 2015). The Tracking Adaptation and
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Measuring Development (TAMD) framework measures climate risk
management processes at national levels (Brooks and Fisher, 2011). It is
however important to look at resilience across different scales because the
scales are “inherently interlinked” (ODI, 2016). Looking at resilience across
only one scale risk the chance of overlooking the resilience interaction between
the scale under study and other related scales (Engle et al., 2014). For example
the resilience of a community is influenced by the resilience of individuals as
well as the resilience of the city at large and requires a proper understanding of
all the interactions. Resilience interactions within and across different scales are
important in understanding the roles and duties of all actors which is necessary
for adaptive capacity enhancement. This is useful in enhancing adaptive
capacity. Adaptive capacity and its overlaps with the resilience literature are

discussed in the next section.

2.4 Adaptive capacity

This section looks at the adaptive capacity literature by understanding its
position in both the resilience and the vulnerability literatures. The section also

discusses major debates around this literature.

2.4.1 Overview

Good ideas and technical expertise are needed to write sound adaptation
policies but to adapt to climate change, there is the need for the system to be
ready to adapt. The readiness of a system to adapt to climate change is its
adaptive capacity (Adger et al.,, 2004). Adaptive capacity goes beyond
readiness to adapt to include the capacity of a person or community to respond
and change to the likely impact of changing “shocks and stresses” (Lim et al.,
2005). It is also “the ability of a system to adjust, modify or change its
characteristics to moderate potential damage, take advantage of opportunities
or cope with the consequences of a changing climate” (IPCC, 2007). Adaptive
capacity focuses on the ability of stakeholders to respond to shape and create
changes in that system (Chapin et al., 2006). The adaptive capacity of
stakeholders is however enshrined in the power given to the stakeholders. The

capacity to adapt is shaped by socio-political context and this needs to be
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recognized to enhance development (Ensor & Harvey, 2015). Also, adaptive
capacity depends on the degree of civil order, political openness, and sound

economic management (IPCC, 2001).

Adaptive capacity is a dynamic process in ensuring adaptations work to its set
goals. Adaptive capacity can be conceptualized with respect to the occurrence
of hazard or disaster. Adaptive capacity may exist even before a disaster occurs
and after it has occurred. This pre-event and post-event concept of looking at
adaptive capacity has made it find its way into both the vulnerability literature
and resilience literature discussed earlier. What makes adaptive capacity
unique is that it is a universally positive system property. This 