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Introduction

The Intergovernmental Panel on Climate Change (IPCC) defines ‘vulnerability” as ‘the
degree to which a system is susceptible to, or unable to cope with the adverse effects
of climate change, including climate variability and extremes’ (IPCC 2007: 883). This
definition assumes vulnerability and its impacts to be mainly physical causes. The
definition by Schneider et al. (2007) refers to vulnerability as the ‘degree to which
aforementioned earth systems are susceptible to and unable to recover from and
cope with climate and global change’. This definition considers coping as a part of
the vulnerability process.

The issue of vulnerability is usually spoken of in the same context as the element of
risk where risk can be the result of climate change or variability. Climate risk includes
droughts, floods, heat waves and other extreme climate events to which people,
ecosystems and economic sectors are exposed. ‘Exposure’ is regularly defined as the
character, magnitude and rate of climate variation and change to which a system is
exposed (Climate-ADAPT n.d.). Human exposure to climate change and variability is
often exacerbated by human activities such as urbanisation and deforestation, as well
as development in high-risk areas, which increases the vulnerability of ecosystems
to change.
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The concept of vulnerability originated from the field of disaster risk management and
is defined by UNISDR as ‘the conditions determined by physical, social, economic and
environmental factors or processes, which increase the susceptibility of a community
to the impact of hazards’ (UNISDR 2009). This definition considers the social factors
that affect the different population groups, which are often differentiated by income,
socio-economic status and even the type of livelihoods. This type of vulnerability
is often dynamic and complex, changing over time. Vulnerability is, therefore,
considered an inherent characteristic of a social system or societal group (UNISDR
2009, 2011).

In the field of climate change, the definition of vulnerability has also evolved from
the early assessment reports, which focused more on the susceptibility of a system
to harm, to adopting a risk approach (Davis et al. 2017). The /PCC Assessment
Report 5 defines vulnerability as ‘the propensity or predisposition to be adversely
affected. Vulnerability encompasses a variety of concepts including sensitivity or
susceptibility to harm and lack of capacity to cope and adapt’ (Field et al. 2014: 5).
This definition considers the ability of an affected system to adapt to or to cope with
change. However, almost all definitions of vulnerability consider three key elements:
exposure, sensitivity and adaptive capacity. Figure 1.1 gives a description of these
elements/components.
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Figure 1.1 The components of vulnerability (Source: NPS 2017)

Understanding risk and vulnerability

Understanding risk and vulnerability to both global and climate change require a
multi-dimensional approach due to the complexity and concurrent nature of all the
factors that need to be considered (SARVA n.d.; IPCC 2007). Vulnerability should
therefore also consider factors such as social, economic, political, cultural and
institutional among others (SARVA n.d.; Davis et al. 2017). Given this complexity,

there is no prescribed formula or procedure for doing vulnerability assessments, since
of vulnerability is dynamic. Many of the earth’s social, economic and natural systems
face increased risks from climate change and variability, thus turning the focus more
towards the impacts of and adaptation to these changes.

Exposure

Exposure to hazards is the nature and extent to which a population or system
experiences climate-induced, environmental, socio-political, and/or external stress
(IPCC 2012). The characteristics of these stresses include the magnitude, frequency,
duration and extent of the hazard. The hazards for climate-induced stress would
include increases in temperature, increases in the occurrence and intensity of
extreme climate events, such as droughts and floods, sea level rise, coastal hazards
and changes in rainfall and temperature (UNDP 2010; NPS 2017). For example,
agriculture, forestry, water, or biodiversity (both terrestrial and marine) are systems
that will be affected by projected changes and variability in climate (Lavelle et al.
2012). The magnitude and rate of exposure are very crucial in assessing the level of
vulnerability (UNDP 2010; Lavelle et al. 2012).

Sensitivity

Sensitivity is based on the understanding of how resilient the system is to changes
in climate variables as well as the current physical state and location of the systems
in question, which increases or reduces their sensitivity to climatic changes (Adger
2006; UNDP 2010; Bronkhorst et al. 2012). Sensitivity is important in assessing the
social vulnerability of societies or communities to climate change and variability.

Adaptive capacity

Adaptive capacity is based on information about the activities that the different sectors
are engaged in to adapt or reduce their vulnerability to climate change. The adaptive
capacity would include policies and institutional or legal instruments, finance and
capacity that are available to tackle climate change (Adger 2006; IPCC 2007; SEI
2014). For example, in South Africa, adaptive capacity is strongly influenced by
social factors such as poverty, unemployment and types of housing, with informal
settlements posing high risks to extreme weather events. In such cases, reducing
inequality and enhancing basic services could significantly reduce vulnerability to
climate change and extreme events.
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Climate change and disaster risk reduction

The concept of exposure and vulnerability are closely linked to disaster risk reduction
and management and both adaptation and disaster risk reduction need to be
understood in the context of broader socio-economic development (see Figure 1.2
below).
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Figure 1.2 A framework for understanding vulnerability, exposure and risk in the context of

climate change and disaster risk reduction (We-Adapt 2015).

Vulnerability is, therefore, determined as a function of the character, magnitude and
rate of climate variation and change to which a system is exposed, together with its
sensitivity and adaptive capacity (Climate-ADAPT n.d; UNISDR 2011). Regardless
of the context in which vulnerability is viewed, both vulnerability and exposure
vary across temporal and spatial scales and are dependent on economic, social;
geographic, demographic, cultural, institutional, governance and environmental
factors (IPCC 2012). Vulnerability is thus not static and different individuals,
institutions, communities and even economic sectors are affected differently based
on the above factors. Vulnerability is, therefore, both content- and location-specific
and needs to be assessed with consideration of the socio-economic and natural
factors of that location (Vogel and O’Brien 2004; Field et al. 2014). In particular,
changes in settlement patterns, such as urbanisation and changes in socio-economic

Julia Mambo

conditions will directly influence exposure and vulnerability to extreme events (IPCC
2012). Fast-paced urbanisation has increased the vulnerability of poor populations,
particularly through the growth of informal settlements. This has increased the
prevalence of social vulnerability (IPCC 2012).

Social vulnerability is one dimension of vulnerability to multiple stressors and shocks,
including natural disasters. Social vulnerability to disasters refers to the inability of
people, societies, and organisations to withstand adverse impacts from multiple
stressors to which they are exposed, due in part to characteristics inherent in social
interactions, institutions, and systems of cultural values (Warner 2006). Social
vulnerability is, therefore, a pre-existing condition that affects people’s ability to
prepare, respond or and recover from a disruptive event. The pre-existing condition
will be based on the aspects that limit the ability of communities to withstand or
respond to adverse climate change impacts. These aspects include poverty, inequality,
marginalisation and lack of access to basic services (Davis et al. 2017).

In summary, social vulnerability can be understood as a dynamic state experienced
by an individual or group, who through various and interacting socio-economic
characteristics, are susceptible to stresses that may leave them negatively affected
when compared to someone in the same setting who does not experience these same
socio-economic characteristics (Rance & Flinfgeld 2014).

Vulnerability assessment

There are many definitions of vulnerability and exposure, however, the key concepts
of risk and vulnerability and the frameworks used to assess these are often similar in
that they are identify potential areas of loss and impact as well as the source of the
threat, thus answering the questions of who is vulnerable, to what, how and why?
(SARVA n.d.).

Vulnerability assessment is the analysis of the expected impacts, risks and the
adaptive capacity of a region or sector to the effects of climate change. Vulnerability
assessment includes more than simple measurement of the potential harm caused by
events resulting from climate change; it also includes an assessment of the region’s or
sector’s ability to adapt in the face of these events (We-Adapt 2015). Vulnerability
assessment is extensively used in many disciplines such as disaster risk reduction,
food security, and recently, climate change (O’Brien et al. 2009).




Several methods of measuring or observing vulnerability have been applied, ranging
from indicator or proxy-based methods to geographic information systems (GIS) and
multiple-stressor-based methods. The intended purpose of a vulnerability assessment,
the scale and the available resources usually determine the type of method used for
the vulnerability assessment. In some instances, a combination of methods is used to
better understand vulnerability (Davis et al. 2017).

Contextual (bottom-up) methods of vulnerability assessment often take into
account that climate variability and change interact with socio-economic, political
and institutional issues/factors in a dynamic way (Flssel 2009). Other assessment
methods adopt a more linear approach, focusing on impacts of projected changes in
climate on the different social, economic and natural systems. In these assessments,
the impacts are counter-balanced with the adaptive capacity. Some of the common
approaches to vulnerability assessment are discussed below.

Indicator-based methods

Indicator-based methods employ the use of indicators to measure vulnerability; thus,
requiring measurable indicators. These methods can be used to assess different levels
of vulnerability within one community or system (Davis et al. 2016). This approach is
also appropriate for decision making and for monitoring changes in vulnerability. The
key challenges associated with this approach include the lack of data at appropriate
scales, which captures the spatial and temporal heterogeneity of vulnerability, and its
uncertainty (Vincent 2007; Davis et al. 2017). Some elements of adaptive capacity
are difficult to measure quantitatively (Vincent 2007).

GIS-based methods

GlS-based methods involve the visualisation of vulnerability through the mapping
of trends and patterns through spatial analysis. As modelling is used for this type
of spatial analysis, vulnerability is portrayed as being geographically-based and
represented by both place and people. This approach often highlights the drivers of
vulnerability per sector (Davis et al. 2017). Some challenges associated with these
methods include the representation of vulnerability as a snapshot in time and of a
place. This approach is, therefore, not appropriate/useful for decision making or policy

development (Hinkel 2011; Davis et al. 2017). For the mapping of vulnerability to be
effective (to incorporate information for decision making), stakeholder involvement
in the process is essential (Preston et al. 2011).

Multi-stressor approach

The multi-stressor approach uses a combination of biophysical and social factors
to determine the tendency of a system to be affected by change, especially when
analysing local vulnerability. This approach acknowledges that vulnerability is a
result of multiple stressors occurring concurrently (Ziervogel & Calder 2003). Various
frameworks of vulnerability use the multiple-stressor approach to understand both
vulnerability and its drivers, as well as resilience (Leichenko & O’Brien 2008).

Participatory methods

Affected communities or population groups help in the identification of their own
vulnerability using tools such as participatory or cognitive mapping, stakeholder
engagement workshops and interviews, surveys and expert-based inputs
(Davis et al. 2017). This participatory approach acknowledges the interaction of
exposure, sensitivity and adaptive capacity over time. Overall vulnerability changes
over time and that this happens at different scales. This type of assessment is usually
used to identify community-based vulnerability (Davis et al. 2017).

It is, however, acknowledged that there is no one-size-fits-all solution to vulnerability
assessment, given its multi-faceted nature (Davis et al. 2016) and that there can
therefore also not be one strict or enforced definition of vulnerability either (We-
adapt 2015). To date, methodologies for conducting vulnerability assessment have
been fragmented and various approaches have been used. In this edition of the
second edition hardcopy Atlas, the sector vulnerability is assessed in terms of the
natural resources and ecological systems upon which key economic activities depend.
The economic activities such as agriculture, forestry, water and biodiversity are crucial
in the economic development of the country. The ecosystems such as air quality and
water are crucial for human health, and a negative impact on any of these resources
will have negative effects on the economy. Social vulnerability is assessed in the
‘Socio-economic and Settlement Vulnerability’ chapter.

CHAPTER 1 | Risk and vulnerability to global and climate change in South Africa



Conclusion

In conclusion, vulnerability, as a concept, is a powerful analytical tool that can be
used to define the exposure to damage, powerlessness and marginality of physical
and social systems. The multifaceted nature of risk and vulnerability, and how it is
influenced by physical, social, economic and political frameworks makes it dynamic
and ever-changing. This means that vulnerability, as well as the ways in which it is
assessed, will continue to evolve. This is crucial in the face of projected changes and
variability in climate as well as in global change and the projected impacts of these
changes on socio-economic sectors. The identification and mapping of the aspects of
vulnerability are, therefore, a criterion for identifying vulnerable economic sectors,
populations and spatial locations, the nature of their vulnerability, and the likely
future impacts, before interventions are planned. Such information is needed in order
to develop strategies and plans that:

* will introduce appropriate measures to reduce the current harmful impacts of
change, and
e will further ensure that those societies are resilient to extreme future events.
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