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ABSTRACT

The paper is essentially a synthesis report highlighting key areas of climate
vulnerability as a global discourse based on reports from international conventions
held over the years. Theoretically, it draws country and sector based scenarios on
responses and constraints to climate adaptation. The literature is organized in phases,
constituting a conceptual framework, evidence and trend of climate impacts, local
ecosystem-based approach (EbA) to sustainable adaptation models, espoused across
climate-sensitive sectors. The ultimate aim of this paper is to synthesize and develop a
synthesis report on key determinants of climate vulnerability based on existing
literature.
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BACKGROUND

Climate Change: A Global Perspective

The purpose is to enhance understanding of climate change in a global context by defining key
concepts relevant to the understanding of this phenomenon. The strategy traces the origin of
climate change debate starting as an international, environmental and developmental
challenge beginning with a publication of Brundtland Report in 1987 through to the formation
of IPCC in 1989, the 1992 United Nations Conference on Environment and Development
(UNCED) in Rio de Janeiro, and the establishment of the United Nations Framework
Convention on Climate Change (UNFCCC). Since then, there have been series of Conference of
the Parties (COP) to the UNFCCC, which have produced ‘Accords and Protocols’ (i.e. Marrakesh
Accords, Kyoto Protocol and the Copenhagen Accord). Key issues shaping the global climate
change regime are also explained. These include mitigation, adaptation, finance, technology
development and transfer, governance as well as the role of land-use and land-use change and
forestry (LULUCF) in climate change mitigation especially in third-world countries.

Climate vulnerability is a concept defined by numerous scholars and international
organizations. Consequently, the term vulnerability accordingly to [1] can be termed as the
degree to which an individual, group or system is susceptible to harm due to exposure to a
hazard or stress, and the (in)ability to cope, recover, or fundamentally adapt (become a new
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system or become extinct). In most cases vulnerability is understood as the first step that can
be reduced by adaptation. It probably means most scholars and policy makers interpret
adaptive capacity as ability to adapt that is not constant in time and not as a limit of adaptation.
So, adaptation can enhance adaptive capacity and reduce vulnerability. According to [2], cited
in [3-4], once people’s vulnerability is reduced through well-focused adaptation strategies,
communities and their residents will become resilient, adaptive and robust to hazards.

Materials and Methods

The paper from a qualitative perspective narrates and reviews existing theoretical concepts
imbibed in several existing literature related to climate vulnerability. It reviews a number of
studies, drawn from policy-frameworks, international conventions, academic and institutional
research with practical case study scenarios in some countries and sectors on key
determinants of climate vulnerability.

Synthesis of IPCC’s fifth Assessment report

The UN’s Intergovernmental Panel on Climate Change provided a refined comprehensive
report on Climate Change related issues in 2014 at Copenhagen. The fifth assessment report
delved into findings from several working groups in previous assessment reports which
highlights the physical impacts, vulnerability and adaptive strategies. The fifth assessment
report gives a holistic view on issues related to climate change across regions with several
projections. IPCC’s fifth assessment report highlights the following key thematic areas;

1. Age-of-Anthropocene with current global changes heavily induced by human activities
with unprecedented rate of emissions of greenhouse gases (GHGs) which is creating
ascendancy in global temperatures and its resultant impacts.

2. Intensification of climate change impacts such as; ocean acidification, flooding,
droughts, higher temperatures, sea level rise, melting of glaciers and other climate
related stress or disturbances.

3. Estimates stern efforts that ought to be put in place to regulate impacts by the end of
2100. This would avoid further increase in global temperatures above 4 °C in this
industrial era where countries are expanding their economies, thus, transition of
developing countries from raw material economies to well-structured (highly
industrialized) economies.

4. Options to reduce emissions by adapting to green technology, including the use of low
carbon energy sources such as wind, solar and nuclear. Efficient use of energy must be
used.

5. Specific adaptations, adaptive capacity and resilient strategies have been
institutionalized in specific societies to help cope with climate change hazards.

IPCC’s comprehensive report draws attention to how prevailing climate is changing, its
potential impacts, both positive and negative across regions. These changes in our
environment across regions can be observed in the synthesis report;

1. Over the last century, there have been increasing of global temperatures of about 0.8°C
with about 20cm rise in sea levels.

1. In many regions, snow and rainfall patterns have changed, affecting water supply
particularly freshwater in some areas in south eastern part of Asia, Africa and many
others.

2. Snow, ice, permafrost and glaciers are melting at the poles and around the rest of the

world.

The oceans are becoming increasingly acidic as they absorb more carbon dioxide.

4. Fluctuations in extreme weather events. For instance, heat waves are lasting for longer
periods and becoming more intense whilst with erratic rainfall patterns.

w
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5. Discovery of good and new places for agriculture (Like; Siberia) and identification of
new species in some areas as a result of migration and loss of some species in some
areas.

6. Trees and forests have been seen to be dying off, corals are declining and bleaching,
with productivity and biodiversity shift of some animals on land and in the sea from
their natural habitats.

Global Climate Change Projections: Expectations
The need for global consensus and concerted efforts among international organizations, policy
makers, researchers and individuals on regulating actions that significantly impact on our
climate have gained tremendous weight. The assessment report made the following
projections;
1. Global temperatures could be above 4 °C what they were before the industrial
revolution.
2. Itisvery likely heat waves will occur more often and last longer, increasing the risk of
health problems particularly in vulnerable populations.
3. Likelihood of heavy rainfall events and increase in its frequency in many places with
resultant impacts like floods in most areas looks more likely.
4. The ocean will continue to warm and acidify, negatively affecting marine life and
fisheries.
5. Global average sea level will continue to rise, disrupting communities in low-lying or
flood plain areas with increasing risk of coastal flooding from storm surges.
6. Food security will be undermined as changes in the oceans affect fisheries as well as
drought and rising temperatures reducing global crop yields.
7. Displacement of more people from their homes, destruction of public and personal
properties.
8. Disease outbreaks and limitation of freshwater resources due to sea level rise may
cause intrusion of groundwater affecting several livelihoods in prone areas.

Climate Change responses

The summary report highlights prudent strategies needed to cope or adapt to climate stress
and disturbances. The report spells out the consequences of our actions, should we neglect
these cautions with projections as well as how we can reduce risks associated with climate
hazards should it be treated with much urgency through an integrated approach. Responses
highlighted in IPCC'’s fifth assessment report were;

1. Substantial reductions in emission of greenhouse gases in subsequent decades will
lower the risks of seeing harmful impacts later this century although we cannot reverse
the situation but collective efforts can help regulate global temperatures and other
climate change impacts.

2. Doubling efforts to use environmentally friendly technologies can sustain global
temperature change below 2 °C by the end of the century. Global greenhouse emissions
in 2050 need to be 40 to 70 % lower than in 2010, and emission levels near zero or
below in 2100. This means we need total human emissions of CO2 to remain less than
2900 gigatonnes of carbon-dioxide (GtCO2Z). We have already emitted 1900 GtCOZ,
which is about two thirds of this limit.

3. Need to change life styles with increasing population, use of automobiles and flights in
transportation, structural changes from raw economies to industrialized economies.
The longer we delay actions, the harder and more expensive it will be if we do not plan
against any unforeseen event.

4. Recent extreme storms, flooding, heat-waves and droughts demonstrate our
vulnerability to climate and weather events.
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5. Our options for reducing emissions include using energy more efficiently and switching
to low-carbon energy sources such as renewables, nuclear energy, and fossil energy
with carbon dioxide capture and storage options for reducing emissions include
decarbonizing the way we produce electricity, using energy more efficiently and trying
to reduce the amount of energy that we use in generating power.

6. The report provides a strengthened case for international leaders through diplomacy to
act now to reduce domestic carbon emissions and to secure an ambitious legally
binding global agreement.

Climate Change Awareness at the Global Level

In 2015, Institute of Green Growth Solutions (IGGS) presented a report under the auspices of
MESTI, EPA, UNFCCC and UNDP on climate change learning strategies in Ghana. The report
highlighted some key initiatives and background information on climate awareness programs,
institutional frameworks, roles and responsibilities. The report stated that, over the past few
decades, Climate Change and Environmental Education (CCEE) as well as Education for
Sustainable Development (ESD) have been major tools for protecting the environment and
ensuring sustainable development. Drafting these into formal and informal approach in the
formulation and implementation of climate change adaptation strategies, education, training
and public awareness have become pivotal to most international conventions such as the
UNFCCC (Article 6 of the Convention). To meet such obligations, the National Climate Change
Policy in Ghana, mentions capacity building; education, information and communication (2 out
of 9) in its priority activities, as systematic pillars which must be built on in order to achieve
the objectives of the policy among others [5-6]. The policy directive does not only sensitize the
general public but have key elements which tries to shape the behavior and lifestyles of people
on climate related issues. Behavioral change is key in enhancing climate knowledge in our
quest to enhance resilience and adaptive capacity.

The report then again looked at United Nations Education, Science, and Cultural Organization
(UNESCO) championing climate change education through education within the framework of
the UN Decade of Education for Sustainable Development (DESD), with the objective of making
climate change education a more central and visible part of the international response to
climate change. This means the overall objectives of UN can be achieved through a holistic
approach, thus, by tackling it using country or locally based approach. The program also
targeted at helping young people appreciate the impact of global warming today with the aim
of increasing "climate literacy". In achieving this, the international body aimed at strengthening
the capacity of its member states to provide quality climate change education; encouraging
innovative teaching approaches to integrate climate change education in schools. Raising
awareness about climate change and enhancing non-formal education program through media,
networking and partnerships [7]. At the Conference of Parties (CoP 20) held in Lima Peru in
December 2014, emphasis were placed on the need to train teachers on climate change
education and the importance of the Global Action Program on Education for Sustainable
Development in advancing climate change education by developing education strategies that
incorporate the issues of climate change in curricular, while also raising awareness in the
designing and implementation of national development and climate change strategies. The
Global Action Program required a collective approach in dealing with issues related to climate
change at all levels in governance and decision-making processes.

African States Climate Change Learning Action-plans

In 2007, African heads of state adopted the African Union’s Declaration on Climate Change and
Development in Africa (ClimDev-Africa). The Declaration on Climate Change and Development
also called on member states to ratify the Kyoto Protocol; participate in the UNFCCC; build
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capacity, and invest in data collection and early warning systems; integrate adaptation
strategies into country policies; raise awareness; strengthen cooperation between national
meteorological offices, hydrological centers and regional economic communities (RECS);
strengthen pressure on developed countries on the ‘polluter pays’ principle to seek deeper
greenhouse gas emission cuts. The Declaration also mandated the Africa Union (AU)
Commission to follow up with the African Ministerial Conference on Environment (AMCEN),
the United Nations Economic Commission for Africa (UNECA) and the African Development
Bank (AfDB) [8, 5].

The ClimDev-Africa’s ACPC capacity building program has been instituted to enhance the
capacity development of African Institutions and individuals in relation to climate change
policy analysis [8, 5]. The program sought to;

- Build solid climate change knowledge based on facts and scientific evidence

- Promote climate change education, research and innovation

- Build the capacity of key stakeholders to become active participants in the response to climate

change through training.

- Build the capacity of young Africans with fellowship programs by engaging university students

and academics.

- Enhance climate change research capacity in African universities and research institutions by
offering research grants, supporting program development and mainstreaming climate change

related university curricula.

- Build capacity and increase the awareness of African policy makers such as policy makers,
development practitioners, negotiators, and regional economic commissions through direct short

term training, seminars and roundtables.
-  Provide tailor-made climate change training programs for journalists and media professionals.

- Develop innovative programs and initiatives such as national and regional networks, communities

of practice and an African panel on climate change.

- Support national panels so that knowledge generation in Africa is enhanced, and relevant

platforms are developed and owned by Africans.

DETERMINANTS OF CLIMATE VULNERABILITY

Vulnerability has been categorized under three (3) main components. These components are
key determinants of climate vulnerability; Climate exposure, climate sensitivity and adaptive
capacity. Climate exposure is the character, magnitude, and rate of climate variation to which
an area of concern is exposed. Exposure refers to the presence of people, livelihoods,
environmental services and resources, infrastructure, or economic, social, or cultural assets in
places that could be adversely affected by physical events and which, thereby, are subject to
potential future harm, loss, or damage [9].
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Sensitivity is the degree to which the area of concern is susceptible to a climate impact. It
relates to the “degree to which a system is affected, either adversely or beneficially, by climate
variability or change. The effect may be direct (e.g., a change in fish growth in response to a
change in the mean, range or variability of temperature) or indirect (e.g.,, damages caused by
an increase in the frequency of coastal flooding due to sea level rise)” [11-12, pp 254]

Adaptive capacity is the ability of the area of concern to adjust or respond to the changing
conditions. It is the capability of a system to adjust to climate change including climate
variability and extremes, thus, moderation of potential damages, taking advantage of
opportunities, or coping with consequences [2].

Climate Exposure Sensitivity & Adaptive Capacity
and Future . Socio- Enhanced Ability
. Current ; Vulnerability e Eaa : >
& Extreme Events attributes Exposure | Respond

Source: Petersen et al., 2014
Figure 1.1: Determinants of vulnerability (Over lapse of vulnerability components)

Figure 1.1 depicts components of climate vulnerability. [13] In his study highlighted
vulnerability as a function of exposure, sensitivity and adaptive capacity.

Vulnerability (¢) = F (Exposure ) + (Sensitivity ¢) - (Adaptive Capacity ()

The study shows how exposure and sensitivity have amplifying effect on vulnerability. The
higher the degree of exposure and sensitivity, the higher a system’s susceptibility to adverse
impacts of climate change. The study further elaborated on how adaptive capacity on the other
hand has a negative impact on vulnerability. Higher degree of a system’s capacity to cope
reduces system’s degree of vulnerability to adverse impacts of climate change. These
components relates to biophysical, socio-economic and environmental dimensions of climate
vulnerability. This shows climate vulnerability has a multidimensional facet, thus, dynamic
(changes over a period of time) and scale dependent (vulnerability can be expressed at
different scales from individual through the community to country resolution; site-specific).

The encompassing nature of these components in Figure 1.1 results in aggregation of several
impacts on several vulnerability dimensions, which takes into account human occupancy in a
potential hazard zone, loss of lives and properties, coupled with economic assets and
processes, poverty and deceasing standards of living.

Climate change and coastal communities

Coastlines around the world are home to several ecological and environmental resources. Most
coastal areas are faced with erosion, gradual submersion of land and inundation. Single large
scale climate events maybe further exacerbated by sea level rise or high spring tides. The IPCC
Fourth Assessment Report (AR4) [14-15] identified low-lying deltas in Africa and Asia [16],
semi-arid regions of Africa, south and central Asia [17-19] as particularly vulnerable to impacts
of climate change. These climate change hotspots and the inhabitants in such regions have
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complex and overlapping vulnerabilities with their spatial locations, sensitivity and exposure
to climate change. The study highlighted thirty-one (31) countries classified as least developed
and most vulnerable to climate change. Out of these thirty-one (31) countries, twenty two (22)
out of this total are from Africa with floodplains and coastlines or low-lying areas tangent to
the coast thereby making them more susceptible to the impacts of climate change.

For instance, 25% of Ghana’s entire population, representing a quarter of its total population
live along the coast. Out of the total, about 10% depend on coastal fisheries for their livelihood.
Fishery activities been the most predominant activity in the area is climate-sensitive. Hence,
any adverse impacts could affect fish production as well as socio-economic livelihoods
inhabitants [20]. Most countries in Africa’s vulnerability to climate change is not solely the
nature of their economies highly dependent on agriculture and other climate sensitive sectors
like; ecotourism but high level of ignorance and cost of adaptation.

Physical changes
Several biophysical impacts of climate change have been identified in most regions around the
world. The nature and extent of these impacts vary from one geographical area to another. In
addressing knowledge and information gaps on biophysical impacts of climate change, [21] in a
study entitled; “A review of the biophysical impacts of climate change in three hotspot regions
in Africa and Asia” outlined range of biophysical impacts emanating from climate change.
Among the biophysical impacts outlined were;
e Warmer oceans induced as a result of increasing global temperatures.
e Sea level rise emanating from melting of glaciers, higher temperatures causing
expansion, higher and varying rainfall patterns.
¢ Ocean acidification resulting from decreasing pH levels in the ocean with more carbon
being dissolved in the ocean.
e Loss of oxygen due to increasing temperatures.
e More extreme weather conditions
e Coastal erosion
e Saltwater intrusion due to sea level rise causing change in fresh groundwater after
percolation (seepage).
¢ Increased run-off

Ecosystem and bio-diversity changes

Climate change is altering life on earth, causing widespread of species extinction, migration
and behavioral changes. Fluctuations associated with climate cause plants and animals
including humans to cope or adapt by either migrating or changing certain features or lifestyle
to adapt in order to survive. Climate change also causes changes in timing of some biological
events such as; rate of metabolism, reproduction and spawning periods, which could
fundamentally transform current ecosystems and food webs. [22] In a study entitled; “Impacts
of climate change on biodiversity in the coastal and marine environments of Caribbean small
island developing states” highlighted range of impacts of climate change on the region’s
ecosystem. Among such impacts highlighted in the study were;
e Changes in habitats, diversity and productivity (Shift in diversification and
productivity).
e Changes in the structure and functioning of ecosystems.
e Coral bleaching
e Changes in the size, composition and distribution of species (Pollution or formation of
new hybrids).
e Spread of diseases
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Socio-economic changes
Coastal zones are key centers to enhance socio-economic and cultural development. These
areas across the globe are faced with risks and hazards associated with climate change. Most
coastal areas are already faced with some human activities such as; pollution, sand winning,
development pressures such as; conversion of mangrove forest and swampy areas into
aquaculture farms and other developmental projects. Making such areas more prone to
disasters which may be further exacerbated by impacts of climate change. Most inhabitants
living in coastal zones livelihood are highly dependent on climate dependent occupations like
agriculture and fisheries, hence, any adverse impacts from climate change will significantly
affect livelihoods of people in the area. Range of climate change impacts which may affect key
socio-economic parameters in coastal areas are;

e Damage to infrastructure and human settlements

e Power outages in the energy sector particularly hydrothermal dependent economies

e Water scarcity

¢ Food shortage

e Displacements

e Malnutrition

¢ Increased mortality

e Resource conflicts due to scarcity and competition in the use of available resources

e Irrelevance of past knowledge

Responses to Climate Change hazards

Climate change strategies must be robust and dynamic, giving room for adjustments to be
made in response to events. Planning should encourage robust approaches that are as
insensitive as possible to the uncertainties associated with coastal climate hazards. While
inaction has costs, all actions also have opportunity costs, transaction costs, and equity
implications. Planning should be devolved to lower levels in governance, thereby determining
actual preferences, needs and circumstances of communities.

Social Vulnerability & Social Capital

Social vulnerability

Social vulnerability can be termed as susceptibility of social groups to adverse impacts of
natural stresses and disturbances, as well as their resiliency or ability to adequately recover
from them [23-24]. Social dynamism of this concept is rooted in gender, social class or
stratification, race, culture, nationality, age, and other power relationships [25]. It refers to “the
characteristics of a person or group in terms of their capacity to anticipate, cope with, resist
and recover from the impact of a natural hazard. It involves a combination of factors that
determine the degree to which someone’s life and livelihood are put at risk by a discrete and
identifiable event in nature or in society” [26, pp 6-8].

The social vulnerability approach alone is not sufficient to plan for disasters and must be
understood as part of a broader and complex approach that includes understanding
geophysical hazards and innovative solutions. This means social vulnerability approach is a
subset of vulnerability in a broad picture entailing; economic, environmental and technological
aspects. Vulnerability assessment thus incorporates insights from the physical world but
emphasizes the roles of social, economic, and political relations in the creation of hazardous
situations in a specific place [27]. Vulnerability assessment examines the social distribution of
risk and why some populations bear disproportionate levels of risk to disasters. Some groups
in society are more prone than others to damage, loss, and suffering in the context of differing
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hazards. Key characteristics of these variations of impact include class, ethnicity, gender,
disability, age, or seniority [26, pp 9].

The factors which contribute to social vulnerability highlighted by [28, pp 5] in a
comprehensive study entitled: “Quantifying Social Vulnerability” delves into how social
vulnerability concept can help in understanding risk to natural hazards. The study highlighted
how individuals within households, communities, geographical locations and organizations are
susceptible to natural hazards. Their study focused on the first level of social vulnerability,
which relates to the vulnerability of an individual within a household.

Levels of Social Vulnerability
1. 1. Household/Individual entails personal attributes such as age, social
class, education, gender, health and many others
2 2. Community level =™ entails relationship or interaction with those around us.
Example: social capital
3. 3. Regional (Geographical) Level— entails how far we are from services at
various levels
4, 4. Administrative or Institutional level— entails Disaster funding, research,
technical capacity, planning, rules and regulations to regulate climate change or

natural phenomenon

Source: Adopted and modified from Dwyer et al., 2005
Figure 1.2: Levels of social vulnerability elements, integral to understanding the risk to natural
hazards.

[29] argues that social vulnerability goes beyond destruction of public infrastructure, hence,
described the concept as a set of characteristics that includes a person’s initial well-being
(nutritional status, physical and mental health), livelihood and resilience (assets and capitals,
income and qualifications), self-protection (capability and willingness to build a safe home, use
a safe site), social protection (preparedness and mitigation measures) social and political
networks and institutions (social capital, institutional and environment and the likes).

[27] In their paper review on “The concept of social vulnerability: Review from Disaster
Perspectives” outlined social vulnerability to emanate or significantly influenced by natural
disasters which results in “poverty, exclusion, marginalization and inequities in material
consumption. It is determined by physical, social, economic, and environmental factors or
processes, which increase the susceptibility of a community to the impact of hazards and is
conceptually located at the interaction of nature and culture that also links “socio-economic
structures, cultural norms, values and environmental hazards”. On the other hand, limited
access to resources like; information, knowledge, technology and limited access to political
power and representation are also key factors that affect social vulnerability.

Concept of Social Capital

The concept of social capital enlist features of social organizations such as social networks,
social interactions, norms, social trust, and reciprocity, cooperation that facilitate coordination
and cooperation, that enable people to act collectively for mutual benefits [30]. Social capital
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has three main elements namely; bonding, bridging and linking social capital. Bonding social
capital is defined as the social cohesion within groups or communities. Bridging social capital
refers to the structural relationships and networks cross social groupings, involving
coordination or collaboration with other groups. Linking social capital crosses describe the
ability of groups to engage with external agencies [31].

The concept of social capital based on several literature, is one of the most significant and
effective ways of enhancing climate resilience and adaptive capacity as well as conflict
management in the use of resources. Strengths embedded in social capital mechanisms as
suggested by [31, pp. 22-24] encourages participation among community members and
respect of local values and customs. Social capital mechanisms provides familiarity of past
experience which is shared among members of a community. This concept can be more
accessible due to low cost, use of local language, flexibility in scheduling. Decision-making is
often based on collaboration, with consensus emerging from wide-range of discussions, often
fostering local reconciliation. Social capital contributes to a process of community self-reliance
and empowerment.

Per these two concepts, thus, social vulnerability and social capital highlighted above, the
welfare of humans and other resources within the environment are the main focus measures,
meant to enhance capacity to cope or adapt. Social vulnerability and social capital are key to
understanding how people, assets or resources are at risk to climate change. The concepts help
relate how key components of vulnerability can be integrated in reducing vulnerability by
enhancing resilience and capacity to cope.

= People

Livelihcods Individual Population

- Institutions

Firms Sectors Governance
m Places
Land Water Air Ecosystems

Source: Downing et.al, 2003
Figure 1.3: Units of Analysis for Vulnerability Assessment and Adaptation

Figure 1.3 depicts units of analysis for vulnerability assessment. The key focus of vulnerability
assessment is the people within the context of institutions that design, formulate, implement
and evaluate the strategies in specific regions along with bio-physical resources allocated in
places. These resources encounter threats posed by climate change due to human induced
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factors hence, the interrelationships that exist between these units in Figure 1.3 highlighted by
[32]. The components of vulnerability assessments and adaptations are key in developing and
determining effective and sustainable strategies both in the short and long run.

STRATEGIES TO REDUCE CLIMATE RISKS AND VULNERABILITY

According to [33] in a study entitled: “Climate Change Strategies”, strategies can be classified
under; mitigation and adaptation. Mitigation activities in reducing climate risks and
vulnerability entails; reducing emission of greenhouse gases by designing and developing new
alternative sources of energy, behaviors, green technologies and lifestyles that do not
significantly impact on the environment. Mitigation also entails being committed in reducing
rate of emissions or tackling emissions at source. Carbon sequestration (capture) through
afforestation, soil processes, ocean systems and management play a fundamental role in the
absorption of carbon and use of carbon for photosynthesis [11-12]. Mitigation activities are
often termed as “self-protective strategies” which are costly, faster and requires a given level of
technology or innovation in reducing likelihood and degree of climate change impacts.

Adaptation activities on the other hand includes; managing the change that occurs as
mitigation strategies are implemented. It includes physical adaptation such as; construction of
dykes, build up sedimentation, elevated sand bags, furniture and other materials as defense
systems, sea wall and so on against climate events like; floods. These measures can be initiated
at individual households or community levels which may be enhancing socio-economic
systems which include; enhancing infrastructure, drainage systems, health and educational
facilities, port construction, physical defense systems, sea defense walls or systems,
resettlement or relocation schemes from flood prone areas, mangroves and so on. Adaptation
is often termed as a “self-insurance strategy” which is less expensive, requires time, process
and is widely used [14-15].

Concept of Adaptation

Adaptation is often linked to adverse impacts of climate change. Individuals cope by temporally
relocating to live with relatives and friends when displaced by floods [34]. In terms of
adaptation, some people develop defense walls, dykes, and sand bags around the water
pathways or courses to prevent water from entering their homes. Adaptation is a process that
involves policy driven institutions and individuals’ involvement in decision-making. It was very
necessary to explore individual knowledge and perception in the field to compliment concepts
and findings from other researches and existing policy documents [35]. Adaptation entails
anticipatory, autonomous and planned measures. Distinguished from mitigation as managing
the unavoidable whilst mitigation is managing the avoidable which emanates from
anthropogenic activities.

Adaptation strategies targeted towards reducing vulnerability is more sustainable [36]. [12]
Defines adaptation as adjustments in ecological, social or economic systems, in response to
actual or expected climatic stimuli and their effects. In line with this definition, [36] states that
adaptation to the effects of climate change should incorporate response to climate hazards
such as flooding and reducing extent of exposure to and building resilience against further
incidence through strengthening the necessary infrastructural capacities. [37] Discussed
adaptation options extensively, by delving into these areas as summarized by [35] in a study
conducted on vulnerability and adaptation to flooding in Greater Accra region of Ghana:
e Use of probability models to determine vulnerability and potential damages of climate
change hazards
¢ Using maps to show communities more affected by disasters in order to determine what
strategies are best in adapting to the disasters in those areas
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e Development of early warning systems

e Awareness creation and education

e Land use planning and settlement development
e Drainage system development

[37] In the study asserted, mapping clearly the areas affected and prone to disaster, is an
approach deemed more economical, realistic and action focused. The capacity to adapt varies
considerably among regions, countries, and socioeconomic groups over time. The most
vulnerable regions and communities are those that are highly exposed to hazardous climate
change effects, and have limited adaptive capacity. Countries with limited economic resources,
low levels of technology, poor information and skills, poor infrastructure, unstable or weak
institutions and inequitable empowerment and access to resources have little capacity to adapt
and are highly vulnerable [38, 2]. According to [39, pp 85) in a study entitled: “Institutional
Challenges to Climate Adaptation in Uganda”, limited technical capacity and resources limit
functionality of institutions to develop effective measures, needed to reduce vulnerability in
areas, prone to climate hazards. Moreover, adaptive capacity is the ability of a system to adjust
to climate change, to moderate potential damage, to take advantage of opportunities, or to cope
with the consequences [40]. Adaptive measures also differ based on demographic, ecological
and socioeconomic characteristics of the people. [34] In a study entitled: “Improving Policy
Making for Agricultural and Rural Development in Africa” noted that at the individual level,
residents make prior arrangements for any natural disaster, which routinely occur every year.
People resort to using blocks, stones and furniture to create higher platforms, stay with family
and friends during disturbances or disaster periods among others as coping mechanisms. For
instance; during floods or heavy rainstorms, neighbors adopt a number of coping strategies.
Many try to draw each other’s attention to the upsurge of flood, especially during heavy
downpours of rain. In the process, they help each other to carry property in and out of houses
before, during and after floods [41]. Some residents undertake collective work to open up
drainage channels while others temporarily move to lodgings and public places such as
mosques sport stadiums and churches until floodwaters recede. Some also make temporary
outlets to ease floodwater movement/flow near their homes [41].

Most of these efforts are coping strategies and not sustainable adaptation options responding
to the unpredictable nature of rainstorms and the potential increase in floods in recent times.
Limitations to these household and community-led adaptation strategies can enhance social
capital in coping with disasters but are temporal or short term measures.

Traditional Knowledge: an adaptive capacity tool

Traditional knowledge about a location and how to produce and take care of natural resources
can contribute to adaptive capacity. Families have often been exposed to climate hazards in the
past and have ideas on what to do to decrease their sensitivity to these hazards, and to adapt to
their potential impacts [42]. These traditional ideas can lower the costs and be more culturally
appropriate for villagers. In ensuring some sense of ownership, sustainability and acceptability
of solutions or measures to enhance resilience, there is the need to ensure synergy between
local and scientific knowledge to develop the best mechanisms with proper and consistent
evaluation after implementation of adaptive measures.

Ecosystem-based Approach in local climate adaptation

The no regret strategy concept (NRS Approach)
In [UCN’s key note address and technical paper presentation, Ecosystem based Approach (EbA)
in tackling natural phenomenon was noted as the main theme. The paper highlighted key
principles and core values of the “no regret strategy”. The NRS concept can be termed as
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strategies, developed in response to threats posed by nature in a particular geographical area,
within a given period to enhance the area’s capacity to cope or adapt to any adverse impacts
which may arise. The approach forms an integral part of EbA which adopts environmentally
based strategies and options-through a holistic, climate risk reduction approach. The paper
noted key principles embedded in this approach taking into account; stakeholder participation
and consultation at various levels, promotion of synergy of indigenous and scientific
knowledge at different stages of formulation and implementation process of adaptation
frameworks. It reduces likelihood of maladaptation and ineffectiveness of on-going strategies
by taking a holistic view into complexities of natural phenomena.

This approach is appropriate and effective in developing local adaptation strategies due to its
scope of delving deep into issues, bound to occur both in the short and long term. The
approach is said not to have any unintended or serious consequences after implementation
(Not an obstacle to development). Evidence of success of the NRS approach are specific case
scenarios in Nepal, Morocco, Uganda, Senegal, Peru and many others [43]. The NRS approach
being an Ecosystem based management tool, has proven to be effective. Its effectiveness is
realized by amplifying and managing time, cost-effective mechanisms, consideration and
acceptance of inputs from all stakeholders during decision-making despite differing motives,
views and knowledge. One major challenge of the approach is the complexity of natural
phenomena which requires taking into account a range of several sectors (multidisciplinary
nature of environmental problems) which maybe directly or indirectly affected by climate
change impacts.

It could be concluded that, EbAs are bottom-up approaches; action based, locally-driven,
robust and holistic in tackling key impacts of climate change stemming vulnerable groups
based on their geographical location, social stratification and many others. With effective
planning, the NRS approach has proven to reduce people’s vulnerability by enhancing
livelihoods through tackling key political, socio-economic and environmental factors. The next
phase of this paper delves into a case scenario of the NRS approach thoroughly planned in
identifying impacts of climate hazards on livelihoods, constraints and response in enhancing
adaptive capacity.

Case scenario: Case of Nador and Berkane in Morocco

[44] In their study entitled; “Vulnerability and Adaption of Traditional fisheries to climate
change” in Morocco, a study conducted at Nador & Berkane between 2007 and 2010 using the
no regret strategy approach to determine the socio-economic, environmental and technical
capacity of the aforementioned area to cope or adapt to climate hazards. The study delved into
adaptation of climate change in North-eastern part of Morocco looking at coastal adaptation to
climate change impacts not just fisheries. Per the survey, fishers raised concerns in like;
increased frequency of floods, change in seasonal patterns which entails wind patterns, fish
spawning and crop harvest. Adaptation strategy was participatory or action based involving
relevant stakeholders, whose capacity were built on impacts, need for a prudent strategy
backed by concerted efforts. The Moroccan locally developed strategy in Nador and Berkane
had feasible elements that tackled socio-economic, environmental and technical issues,
relevant to enhancing the area’s preparedness to adapt. The Moroccan NRS approach entailed
nine (9) thematic areas embedded in the NRS approach classification of short and long term
coastal development and climate adaptation measures. The locally designed strategy was
accompanied by key measures like; implementation of coastal zone management, greater
consultation and synergy of both traditional and scientific knowledge for coastal planning-
development with more research to inform better decision making. Strategy highlighting the
nine (9) thematic areas reflects local conditions which are vulnerable or maybe placed under
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Climate change stress. The strategy meant to tackle resilience by creating livelihood
alternatives for fishers, improving safety both offshore and coastal zone and improvement of
fishery management & enforcement. Also, the adaptive capacity of the strategy delved into
research, creating more awareness and strengthening fishery organizations through capacity
building programs on climate change and adaptation related issues whereas specific
adaptations delved into flood defense mechanisms and port redevelopments. In essence, the
strategy is more anticipatory and has short term remedial measures to tackle the impacts of
climate change that may occur. The strategy observed caution and effective planning to
mitigate impacts or reduce vulnerability in order to avoid mal-adaptation when proper and in-
depth planning and studies is done to formulate and implement the strategy [44]. The study
called for further research in determining effectiveness of the local adaptation plan as outlined
In the case of the two coastal areas in Morocco.

Constraints to Adaptation

General adaptation constraints may evolve from uncertainties about future climate and
socioeconomic conditions. Other constraints may be financial, technological, institutional,
social capital, and individual cognitive limits. The opportunities for planning and implementing
public climate change adaptation strategies are reliant on effective strategies as well as proper
mechanisms in overcoming these cleavages. The case of Nador-Berkane communities as
highlighted in section 3 of this study can be largely attributed to socio-economic, institutional
and biological constraints. As depicted in the figure below, effective integration of key
constraints when planning holistically, can make adaptation strategies effective, thereby
reducing the level of vulnerability of ecosystems in totality.

The Figure below (Figure 1.4) presents general key adaptation constraints to climate change
examined by [45] in a study entitled; “Adaptation opportunities, constraints and limits to
climate vulnerability and adaptation”. In chapter 16 of IPCC fifth assessment report, the study
highlighted key adaptation constraints that derail effective implementation of specific
adaptation strategies. Hence, once adaptive capacity is not fully realized, being a component of
vulnerability affects a particular group of people or sector in a particular geographical area at a
given period.

Physical
Constraints

Economic & Financial

Constrainis J A A
Adaptation Degree of valnerability
£73 L La bl
Constraints Social & Cultural & Effectiveness of
Constraints r < . .
Adaptation
V.
Governance & |4
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o
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4

Source: Adapted and modified from Klein et al., 2014; IPCC AR5, 2014.
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Figure 1.4: Key Adaptation Constraints to Climate Change

Physical Constraints

The capacity of human population, natural systems and processes to adapt to climate change
can be linked to physical environment which entails all atmospheric components. Physical
constraints may be attributed to physical characteristics of some places like; coastlines and
characteristics of specific geographical locations with aesthetic features. Physical capital which
constitutes infrastructure and machinery to manage risks and its associated impacts in the
environment [46]. Built-environment and need for continual maintenance can constrain future
adaptation options and their cost of implementation.

Climate change and its associated impacts may affect groundwater systems and supply of
freshwater. Enterprises or sectors that are heavily reliant on water for their day to day
activities and productivity may have to cope with such changes that may affect adaptation in
terms of water and food security. On the other hand, a number of studies delve into how
change in water and soil quality can constrain agricultural activities as a climate-sensitive
sector. The capacity of agricultural systems to adapt affects water and soil quality [47, 48].

Economic and Financial Constraints

Economic development and trends in globalization have significant impact on the capacity of
actors to adapt to climate change [46]. Unfavorable economic conditions may influence
capacity of farmers and other climate dependent occupations to cope with climate change
events. Most of these farmers in developing countries are often marginalized with limited
access to economic resources [38]. This in turn, increases degree of vulnerability to climate
change. For instance; conversion of mangrove forest and swampy areas to shrimp farms to
enhance livelihoods and for profitability is among range of economic activities that derail
adaptation. Such initiatives may exacerbate the area’s susceptibility to single large scale
climate change event like; sea level rise [49].

Economic development poses threat on the availability, distribution of natural resources and
ecosystems. A number of studies opine that, mismanagement of economic development may be
an obstacle to adaptation taking into consideration the key role natural resources and
ecosystems play in enhancing resilience and adaptive capacity [50]. In addition, limited access
to credit facilities or financial capital such as; credits, tax revenues, insurance as well as
individual household earnings may derail effective implementation of specific adaptation
strategies [51, 52].

International aid in the form of adaptation funds and Overseas Development Assistance (ODA)
channeled into adaptation programs and projects are on a decline due to lack of incentives on
the part of donor agencies with concerns over ineffective utilization of previous funds or
investments into adaptation programs in least developed countries. Hence; such aids when
factored into planning with such uncertainty may be a constraint to adaptation [53].

Social and cultural constraints

Contemporarily, societal values, global views and cultural norms may serve as barriers to
adaptation [54]. These key parameters are often linked to perceptions and beliefs in religion
and culture. A number of studies on social vulnerability and environmental knowledge show
negligence of traditional knowledge in some areas [55]. Case studies from several developing
countries report some societal actors attribute the occurrence of natural phenomena to be
driven by God and supernatural forces based on their actions and inactions. They have a firm
belief that this comes in diverse ways as natural processes or as a punishment for their deeds
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at a given point. Adaptation to these natural phenomena are not amenable to human
management [56, 57].

The perceptions and beliefs made these vulnerable groups unfazed by any challenges. Some
areas have traditional ways of protecting themselves and conserving natural resourcing amid
disasters. These beliefs per religion and culture to some extent, have served as an adaptive
capacity tool in some areas [58]. Moreover, level of knowledge which can be attributed to level
of education and availability of infrastructure, health facilities and man-made defense systems
when not effective can be a constraint to adaptation which in some cases causes maladaptation
to climate events.

Governance and Institutional Constraints

Institutions play a major role in facilitating adaptation through legal and regulatory
responsibilities. In most developing countries, adaptation maybe constrained as a result of the
complexities in governance networks or hierarchy within government and non-governmental
organizations (NGOs) as well as informal community organizations such as; pressure groups or
social networks [59, 60]. According to [39] in a study entitled; “Institutional Challenges to
Climate Change Adaptation: A case study of policy gaps in Uganda” highlighted instances where
bureaucracy, limited technical capacity, conflicting ideas of project actors and other key
stakeholders affect formulation, implementation and evaluation of on-going adaptation
projects were identified as key policy gaps. They opine that aforementioned factors limit
effective implementation of adaptation measures needed to reduce people’s vulnerability. [61]
In his study asserted that, effective co-ordination among relevant stakeholders can enhance
proper decision-making and implementation of adaptation strategies. Differing views, motives,
objectives, level of power and resources among these actors or stakeholders may limit the
achievement of common adaptation goals and objectives in reducing climate vulnerability [62,
50]. This in turn stems adaptation process and slows down effectiveness in developing
appropriate measures to regulate climate stresses.

In other studies, a number of authors have highlighted how bridging the gap between informal
social institutions and formal government actors through synergy can facilitate co-ordination
of complex planning processes [50, 63-64] by looking at the strengths and weaknesses of
different governance approaches like; the top down and bottom up approaches,
decentralization policy and other approaches which advocates stakeholder participation and
consultation for effective planning and acceptable solutions to climate vulnerability and
adaptation.

Biological/Ecological Constraints

Biological characteristics influence the capacity of organisms to cope with changing climate
and its related stress in situ through acclimatization, adaptation or behavior [65] as well as
diversification to suitable geographic locations to adapt. In several studies on migration and
adaptation, biological capacity for migration and diversification were linked to fecundity
(ability to produce off springs), genotype and phenotype variations, interspecific interactions
between species and dispersal rate [66-67, 45].

Biological or ecosystem constraints on the other hand may arise from ecological degradation.
This reduces availability of ecosystem goods and services, functions and endpoints, for human
population. For instance; Degradation of coastal wetlands and coral reef systems may affect the
capacity of buffer systems in these coastal zones to regulate strong tidal waves, tropical
cyclones and other extreme weather events [68].
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Conceptual Framework

Conceptual frameworks are used to show complex interconnections among elements that seek
to outline the genesis of a phenomena and its related concepts. This paper used a framework
(Figure1.5) to identify natural and human induced factors that lead to disasters associated with
climate change along with resulting strategies used by nations, regions, communities and
households. It provided a structure for vulnerability assessment, capacity building,
management and adaptation to disasters [69, 3]. According to [41], the relevance of
frameworks are their contribution in reducing vulnerabilities through strengthening resilience
in communities at all levels and providing terms of reference on what to do and what to expect.

The framework indicates that disasters occur as a result of both climate and non-climate
conditions. [36], [24], [4], and [14-15] further elaborated this synergy in their research
findings. The non-climatic factors can be attributed to weak institutional capacity, poor in
delivering mandated task due to a number of factors. Hence, do not have the capacity to
develop realistic and proactive measures to manage events in the areas they operate. In
tackling this global phenomenon in a holistic manner, climatic factors and non-climatic factors
must be integrated as the variables highlighted in Figure 1.4 encompass each other. Limitation
of most frameworks developed to enhance resilience and adaptive capacity are performance
indicators in most adaptation frameworks. Performance indicators are key components in
monitoring and evaluation process. This factor when sternly examined, could enhance the
effectiveness of adaptation strategies, initiated by governments, communities and individual
households in climate sensitive areas.
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Source: Modified from Macchi, 2011.
Figure 1.5: Conceptual Framework of Vulnerability and Adaptation to Climate Change impacts.

CONCLUSION

Climate change as a global phenomenon, has gained tremendous weight over the years. The
reality of this concept as a global “discourse”, makes it a key subject for attention. The paper
highlights a number of concepts and theories linked to climate vulnerability. In moving
forward, there is the need to develop monitoring and evaluation mechanisms (performance
indicators), identified as a research gap in determining how effective local, national and global
adaptation strategies have been. Reducing climate vulnerability demands huge responsibility
from all stakeholders backed by investments, commitments and political will. Taking a holistic
and stead look at the complexity of climate issues require synergy of mainstreaming climatic
and non-climatic/human factors which when derailed, reduces people and other ecosystems’
capacity to adapt.
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