




















Climate change and human vulnerability

3 Approach
Methodology

This study builds on recent publications and data relating to trends in natural hazards and their relationship with
climate change, including the IPCC Fourth Assessment Report (4AR),8 the Stern Review of the Economics of Climate
Change ¢ and the Human Development Report 2007/8.19 It is also intended to compliment the work carried out as part
of the OCHA Global Focus Model project.

A Geographical Information Systems (GIS) approach was used to model two groups of factors that influence climate
change risk:

e Group 1 - Hazards such as floods, cyclones (hurricanes) and droughts. Historical data was combined with data
from climate models to map the projected distribution of these hazards over the next 20-30 years. Historical
hazard data came primarily from Dillley et al (International Bank for Reconstruction and Development/The World
Bank and Columbia University).11

e Group 2 — Factors of human vulnerability that will influence the humanitarian risk associated with increased
climate hazards. Vulnerability is a measure of the capacity of individuals, communities and societies to manage
the impact of hazards without suffering a long-term, potentially irreversible loss of wellbeing and stability.

Table 1 shows the full selection of parameters mapped in this study. A GIS model was used to combine geographic
information on climate hazards and human vulnerability to identify hotspots of climate change risk (Figure 1).

The results and implications for humanitarian assistance are analysed in Chapters 4 and 5 under the following
headings:

e Human vulnerability
e Flood and cyclone disasters
e Food and water

e  Population, displacement and conflict

Figure 1: Basic approach to mapping climate change risk

Data, timeframe and limitations

Technical details of the methodology used for this study and its limitations are given in Volume 2. Source data for the
GIS model came from respected international organisations. The timeframe of the analysis focuses on immediate
threats (next 20-30 years). However, some longer term projections of climate data were also used to indicate the
direction of trends in the absence of other suitable datasets. The extreme complexity of climate change and human
vulnerability means that this study should be considered as indicative only. We have taken a pragmatic approach in
order to produce useful results and analysis within the scope and resources of this project.
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GIS Layer Future scenarios
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Vulnerability

Human vulnerability
Flood and cyclone disasters
Analysis Food and water

Population, displacement and conflict

Table 1: Matrix of climate trends, associated hazards and vulnerability factors considered in this analysis

Page | 9

Source(s)

Climate change and human vulnerability




Climate change and human vulnerability

4 Mapping human vulnerability

Natural hazards are dynamic and have highly variable potential impacts. The extent to which exposure to a hazard
causes a humanitarian disaster — defined by its human impact, including deaths, affected people and property and
infrastructure losses — is directly linked to the extent to which populations within a region are vulnerable to the impacts
of the disaster.

There are different notions of what human vulnerability is and how it is related to risk and adaptive capacity in relation
to climate change. For the purposes of this analysis, we define human vulnerability as ‘a combination of multiple
factors that influence the capacity of individuals, communities and societies to mitigate the risk of increased natural
hazards as a result of climate change’. There are many methodological issues surrounding the choice, use and
interpretation of indicators for vulnerability assessments. The results outlined in this section should therefore be
treated as indicative only.

In this analysis we have divided human vulnerability factors into five groups: natural vulnerability, human vulnerability,
social vulnerability, financial vulnerability and physical vulnerability. Each group contains one or more individual
indicators (see Table 1), which were combined to construct vulnerability indices for each group. The groups were then
combined to give a single, overall human vulnerability index. This was then combined with information on the
distribution of hazards to identify climate change risk hotspots (see Chapter 5)

Figure 2 shows the distribution of overall human vulnerability. Areas of highest vulnerability are located in three main
regions:

e Africa, particularly the Sahel, Horn of Africa and Central Africa, although there are isolated pockets of high
vulnerability across much of the continent.

o Central and South Asia, particularly Iran/Afghanistan/Pakistan/India and the Caspian region
e  Southeast Asia, particularly Myanmar, Laos, Cambodia and Indonesia.

There are also smaller concentrations of high vulnerability in parts of East Asia, including Mongolia and northern and
western China; and parts of South America, especially the Andean region.

Figure 3 shows the distribution of overall vulnerability in South Asia. It highlights variation in human vulnerability
according to the natural, human, social, financial and physical factors considered. For example, the overall higher
vulnerability of Myanmar and Afghanistan is primarily due to national indicators such as governance and conflict risk.
The lower vulnerability areas along the foothills of the Himalaya and the Indus Valley in Pakistan represent areas
where natural vulnerability is lower than surrounding areas because there is more water and fertile land available. The
Ganges delta region of Bangladesh is often the location of major humanitarian disasters although the map shows that
vulnerability in this region is moderate. This highlights the fact that human vulnerability needs to be combined with a
hazard (in this case usually cyclones) to produce a humanitarian disaster.

Over the timeframe of this analysis, human vulnerability is likely to be the key determinant of humanitarian risk relating
to climate change. This is because there are unlikely to be major changes in the distribution of climate hazards over
the next 20-30 years. Those populations that are most vulnerable will be the first to be affected by small changes in
the frequency or intensity of extreme weather. Furthermore, there is a significant risk that even small changes in
climate could exacerbate existing vulnerability in populations least able to adapt. This could have the effect of causing
a vicious cycle, whereby those populations would then be more prone to future humanitarian disasters.

The key message for humanitarian actors is therefore to focus efforts on reducing vulnerability in areas where climatic
hazards already exist. This is the most efficient strategy because the distribution of vulnerability is known well based
on current data, knowledge and experience. However, the outputs of climate models, which could potentially indicate
the distribution of future hazards, are uncertain at best. As climate science advances, humanitarian actors will
increasingly be able to incorporate climate projections into their planning. In the immediate future, patterns of
vulnerability will be more important.

In the following Chapter we analyse the interaction of climate-hazards (including future projections) and vulnerability to
identify hotspots of humanitarian risk.
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Figure 2: Map showing overall human vulnerability based on a combination of natural, human, social, financial and physical factors. Areas shown in darkest blue are likely to be
most at risk if exposed to extreme weather, such as floods, cyclones and droughts, or other impacts of climate change. They are also those areas most vulnerable if exposed to
other humanitarian hazards — earthquakes for example.
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Figure 3: Map showing overall human vulnerability in South Asia based on a combination of natural, human, social, financial and physical factors. Areas shown in darkest blue are
likely to be most at risk if exposed to extreme weather, such as floods, cyclones and droughts, or other impacts of climate change. The map highlights variation in human
vulnerability according to the natural, human, social, financial and physical factors considered. For example, the overall higher vulnerability of Myanmar and Afghanistan is
primarily due to national indicators such as governance and conflict risk. The lower vulnerability areas along the foothills of the Himalaya and the Indus Valley in Pakistan
represent areas where natural vulnerability is lower than surrounding areas because there is more water and fertile land available. The Ganges delta region of Bangladesh is often
the location of major humanitarian disasters although the map shows that vulnerability in this region is moderate. This highlights the fact that human vulnerability needs to be
combined with a hazard (in this case usually cyclones) to produce a humanitarian disaster.

Page | 12



Climate change and human vulnerability

5 Hotspots of climate change risk

In this Chapter we look at the interaction of human vulnerability with the current and projected future climate hazards
(flood, cyclone and drought) to identify hotspots of climate change risk.

Flood and cyclone disasters

In this section we look at the interaction of human vulnerability with flood and cyclone hazards. We analyse flood and
cyclone risks together as they represent sudden onset disasters, in contrast to the slower and more complex
humanitarian impacts of drought (see following section).

Climate change is very likely to intensify the water cycle, reinforcing existing patterns of water scarcity and abundance
and increasing the risk of floods. By 2050, annual average river runoff and water availability are projected to increase
by 10-40 percent at high latitudes and in some wet tropical areas. The frequency of heavy precipitation events is also
very likely to increase over most land areas. These changes are very likely to increase the frequency of flash floods
and large-area floods in many regions.

Rising sea surface temperatures as a result of climate change are also likely to intensify tropical cyclones. However,
changes to their location and overall numbers remain less certain. There is growing evidence that the expected
increases in hurricane severity are already occurring, above and beyond any natural decadal cycles. The increasing
intensity (and possibly frequency) of tropical cyclones would primarily impact those regions that already experience
them (i.e. the North Atlantic, North Indian and Northwest Pacific ocean basins).

Over the timeframe of this analysis (next 20-30 years), the location of floods and cyclones is not predicted to change
dramatically, although these hazards may increase in intensity and frequency. For this reason we used data on the
historical distribution of floods and cyclones as the best indicator of distribution over the next 20-30 years. However,
we also included climate model outputs relating to increased extreme precipitation as a proxy for future flood risk.

Figure 4 shows hotspots of flood risk, based on the interaction of high human vulnerability with extreme and significant
historic and current flood hazard. In order to better understand how future climate change will affect humanitarian risk,
it also shows areas of projected increases in intensity of precipitation, as a proxy of future flood risk. Figure 4 shows
that flood risk hotspots occur mainly in the following regions:

e Africa, including the Sahel, the Horn of Africa, Great Lakes region, Central Africa and Southeast Africa
e Central, South and Southeast Asia
e Central America and the western part of South America

Figure 5 shows the distribution of flood risk hotspots in East Africa. It also shows areas where the amount of extreme
precipitation is projected to increase in the future. Where these areas intersect with flood risk hotspots they may
signify the potential for increasing flood risk over the next 20-30 years. Flood risk hotspot areas that are projected to
receive increases in extreme precipitation include the Horn of Africa, the Kenya/Tanzania region and parts of
Madagascar.

Figure 6 shows hotspots of cyclone risk based on the interaction of high human vulnerability with significant historic
and current cyclone hazard. Hotspots of humanitarian risk relating to cyclones are much less extensive than for other
climate hazards. They occur largely in Mozambique and Madagascar, Central America and the Caribbean,
Bangladesh, several parts of India, Vietham and several other Southeast Asian countries. Projections from climate
models were not used to identify cyclone risk hotspots because the effect of climate change on future cyclone
distribution is very uncertain.

Figure 7 shows the distribution of cyclone risk hotspots in the Southeast Asia region.
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Figure 4: Humanitarian risk hotspots for flooding. The map shows ‘flood risk hotspots’ based on the interaction of extreme and significant flood hazard and high overall human
vulnerability. Also shown are areas with significant or extreme flood hazard but lower human vulnerability and areas where climate models predict an increase in extreme
precipitation, as an indicator of possible future increases of flood risk. Refer to text for full explanation.
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Figure 5: Humanitarian risk hotspots for flooding in the East Africa region. The map shows ‘flood risk hotspots’
based on the interaction of extreme and significant flood hazard and high overall human vulnerability. Also shown
are areas with significant or extreme flood hazard but lower human vulnerability and areas where climate models
predict an increase in extreme precipitation, as an indicator of possible future increases of flood risk. Refer to text

for full explanation.
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Figure 6: Humanitarian risk hotspots for cyclones. The map shows ‘cyclone risk hotspots’ based on the interaction of extreme and significant cyclone hazard and high overall
human vulnerability. Also shown are areas with significant or extreme cyclone hazard but lower human vulnerability. Refer to text for full explanation. Projections from climate
models were not used to identify cyclone risk hotspots because the effect of climate change on future cyclone distribution is very uncertain.
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Figure 7: Humanitarian risk hotspots for cyclones in the Southeast Asia region. The map shows ‘cyclone risk hotspots’ based on the interaction of extreme and significant cyclone
hazard and high overall human vulnerability. Also shown are areas with significant or extreme cyclone hazard but lower human vulnerability. Refer to text for full explanation.
Projections from climate models were not used to identify cyclone risk hotspots because the effect of climate change on future cyclone distribution is very uncertain.
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Food and water

In this section we look at the interaction of human vulnerability with areas of high drought hazard in order to identify
hotspots of humanitarian risk.

The intensity and duration of droughts, as well as the area affected, is very likely to increase as a result of climate
change. In addition to changes to the annual or seasonal amount of precipitation, there would be longer dry periods in
many areas, leading to increased incidence of drought. Increasing numbers and intensity of droughts are likely to lead
to increased water stress, land degradation, lower crop yields and increased risk of wild fire. These effects could have
severe impacts on society, including food and water shortages.1?

Figure 8 shows hotspots of drought risk, based on the interaction of high human vulnerability with significant historic
and current drought hazard. In order to better understand how future climate change will affect humanitarian risk,
Figure 8 also shows areas of projected increases in dry periods as a proxy for future drought risk. As is the case with
flood and cyclone hazard distribution, significant changes in distribution of drought over the next 20-30 years are
uncertain and not likely to be large. Therefore using current and historical drought risk data represents the most
accurate way to determine future drought hotspots of humanitarian risk, with a likely intensification of droughts in
currently prone areas likely to be more significant in humanitarian terms than changes in distribution.

Figure 8 shows that the drought risk hotspots are located in the following regions:
e Large areas of sub-Saharan Africa

e South Asia, particularly Afghanistan, Pakistan and parts of India

e South East Asia, particularly Myanmar, Vietnam and Indonesia

Figure 9 shows the distribution of drought risk hotspots in sub-Saharan Africa. It also shows areas projected to
experience increases in dry periods as a proxy for future drought risk. There are some areas of Africa that are already
drought hotspots, and the distribution of projected dry periods indicates that they are likely to experience increases in
drought due to climate change. Examples include the region around Mozambique and Zimbabwe. There are also
areas that are not currently considered drought risk hotspots because of their low or moderate vulnerability, for
example Botswana and Namibia. However, the distribution of projected increases in dry periods indicates that these
areas may increasingly suffer from drought as climate change proceeds. This is also the case for much of Central
America.

Page | 18



Climate change and human vulnerability

: Increased dry periods

I Drought risk hotspot (hazard + high vulnerability)
Extreme drought hazard

Significant drought hazard

Figure 8: Humanitarian risk hotspots for drought. The map shows ‘drought risk hotspots’ based on the interaction of extreme and significant drought hazard and high overall
human vulnerability. Also shown are areas with significant or extreme drought hazard but lower human vulnerability and areas where climate models predict an increase in dry

periods, as an indicator of possible future increases of drought risk. Refer to text for full explanation.
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Figure 9: Humanitarian risk hotspots for drought in the sub-Saharan Africa region. The map shows ‘drought risk
hotspots’ based on the interaction of extreme and significant drought hazard and high overall human vulnerability.
Also shown are areas with significant or extreme drought hazard but lower human vulnerability and areas where
climate models predict an increase in dry periods, as an indicator of possible future increases of drought risk.
Refer to text for full explanation.
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Population, displacement and conflict

Having presented hotspots of humanitarian risk representing the interaction of high human vulnerability and climate-
related hazards, in this section we look at the distribution of those hotspots in relation to population factors. The
outcomes of this analysis are visually compelling maps, which show areas where current or future population trends in
combination with climate factors could lead to increased humanitarian risk.

Figure 10 shows an overlay of risk hotspots for all three hazards (flood, cyclone and drought) on a population density
gradient. The map essentially illustrates the relative density and hence numbers of people who could potentially be at
risk in humanitarian risk hotspots. It shows that risk hotspots coincide with areas of high population density particularly
across South and Southeast Asia and also in parts of Africa. The areas highlighted in Figure 10 could be interpreted to
be possible locations of future population displacement as a result of climate hazards. This could lead in some cases
to relocation within or between countries, imposing migration pressures. In particular, drought and the consequent loss
of livelihoods, is a major trigger for population movements, particularly rural to urban migration.

Figure 11 shows an overlay of the risk hotspots on a population density change gradient. The base map shows areas
where population density is projected to increase (blue) and where these areas coincide with humanitarian risk
hotspots. Such areas could present increased humanitarian risks in the future as more people become exposed to
climate hazards. They include parts of South and Southeast Asia, as well as some areas of Africa.

Conflict and climate change

The issue of climate change and conflict is a complex one. Socio-political unrest and conflict could arise partly in
secondary response to impacts of climate change, such as water or food insecurity and land degradation. However,
few studies have brought systematic evidence to bear on the question of environmental pressure and conflict.13 In the
4AR, the IPCC cites conflict as a factor that could exacerbate vulnerability to climate change.4

There are some examples in which environmental factors such as land degradation, water shortages and resource
competition have contributed to conflict — the crisis in Darfur is a widely cited example.1> However, in these cases
environmental factors were only one contributing factor among many others. A combination of social, political and
economic factors such as poverty and inequality, political and ethnic tensions and poor governance is usually the
major driver of conflict.

Over the period of this analysis (<2030) it is possible that environmental climate change could act as a trigger or
contributing factor to conflict. However, during this timeframe, it is more likely that conflict will be more important as a
factor of vulnerability to climate change — because it will reduce societies’ capacity to adapt — than as a consequence
of its effects.

While a robust analysis of how climate change impacts might interact with other social, political and economic tensions
to cause conflict is beyond the scope of this study, we can identify four climate induced developments that could
influence future conflict risk. These are typical causal linkages at the interface of environment and society, which can
lead to social destabilisation and potentially violence, and are analysed independently in other parts of this document.
They are: degradation of freshwater resources; decline in food production; increase in cyclone and flood disasters;
and environmentally induced migration.6 One such linkage could act upon human vulnerability and latent conflict risk
to trigger or exacerbate conflict. As an example of an attempt to identify areas where such an interaction could occur,
Figure 12 shows where our drought risk hotspots intersect with areas considered to be at high and extreme risk of
conflict. We consider drought (and in turn its effects on water and food security) the most likely climate related hazard
that might play a part in conflict.

The map highlights areas of central and east Africa and south Asia as being at relatively higher risk from climate-
induced conflict. However, over the time period considered in this analysis, the risk of additional humanitarian
response being required as a result of climate change induced conflict is not considered much higher than from
conflict in general and is very uncertain.
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Figure 10: Map showing hotspots of humanitarian risk for floods, cyclones and drought (combined) overlaying a population density gradient. Blue areas with striped overlay
represent areas of high population density that are also risk hotspots. These areas could be interpreted to be possible locations of future population displacement as a result of
climate hazards.
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Figure 11: Map showing hotspots of humanitarian risk for floods, cyclones and drought (combined) overlaying a population density change gradient. Blue areas with striped
overlay represent areas of predicted population density increases that are also risk hotspots. These areas could present increased humanitarian risks in the future as more people
become exposed to climate hazards.
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Figure 12: Humanitarian risk hotspots for drought and conflict. The base map shows an index of conflict risk. The striped areas of the map represent areas where drought risk
hotspots coincide with high and extreme conflict risk. These areas are interpreted to be at relatively higher risk of climate-risk conflict. However, over the timeframe of this
analysis the risk of additional humanitarian response being required as a result of climate change induced conflict is not considered much higher than from conflict in general and
is very uncertain.
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8 Conclusions

Climate change is very likely to increase the humanitarian risks from floods, tropical cyclones and drought. Although still
uncertain in terms of their future distribution at a local level, geographical patterns of climate hazards over the next 20-30
years can be predicted with a reasonable degree of certainty using current and historical data combined with results
available from climate models. Many areas already affected by climate hazards, such as floods, cyclones and droughts,
will probably see intensification of those hazards. This will lead to an overall increased humanitarian need in those areas.
However, over the next 20-30 years there is unlikely to be a major shift in the scope or location of extreme weather
hazards that can be predicted with any degree of certainty.

The impact of humanitarian disasters is related to the degree of exposure to a particular hazard, such as a flood, storm or
drought, and the vulnerability of those populations affected. Over the timeframe of this analysis (next 20-30 years),
extreme weather hazards are not predicted to change much in location but are likely to intensify in many areas. This
means that human vulnerability is likely to be a determining factor in the geographical distribution of humanitarian need.
The largest and most important regions of high overall human vulnerability identified by this study are located in: Africa,
particularly the Sahel, Horn of Africa and Central Africa; Central and South Asia, particularly Iran/Afghanistan/Pakistan/
India and the Caspian region; and Southeast Asia, particularly Myanmar, Laos, Cambodia and Indonesia.

To identify future hotspots of humanitarian risk relating to climate hazards, we analysed the interaction of high human
vulnerability with flood, cyclone and drought hazards. Figure 13 shows hotspots of humanitarian risk for each climate
hazard analysed. Hotspots for humanitarian risk for flooding occur in: Africa, including the Sahel, the Horn of Africa, Great
Lakes region, Central Africa and Southeast Africa; Central, South and Southeast Asia; and Central America and the
western part of South America. Hotspots of humanitarian risk relating to cyclones occur largely in Mozambique and
Madagascar, Central America, Bangladesh, several parts of India, Vietnam and several other Southeast Asian countries.
Drought risk hotspots are mainly located in sub-Saharan Africa; South Asia, particularly Afghanistan, Pakistan and parts
of India; and South East Asia, particularly Myanmar, Vietham and Indonesia.

Several parts of the world were identified as hotspots of humanitarian risk for more than one of the three types of hazards
analysed. The distribution of multiple hazard hotspots is shown in Figure 14. Areas that are at risk from more than one
climate related hazard warrant significant concern from humanitarian actors. These include much of sub-Saharan Africa,
especially the east coast, and much of South Asia. There are some areas that are considered as risk hotspots for all
three hazards analysed. These include Southeast Africa and parts of South and Southeast Asia.

The interaction of high or increasing population density with increased humanitarian risk from climate change could lead
to displacement in a number of areas. The most important areas identified by this study, which could be subject to
migration pressures, are South and Southeast Asia and parts of Africa. Through extremely complex interactions between
environmental, social and political factors, climate change could also play a part in triggering or exacerbating conflict. This
analysis identified areas of Central and East Africa and South Asia as being at relatively higher risk of climate-induced
conflict.

Climate change not only increases humanitarian risks, but also increases the uncertainties surrounding where and how
humanitarian disasters might unfold. This presents humanitarian actors with a challenge as it is likely to further stretch
their capacity to respond effectively. Much humanitarian work in disaster preparedness and response already focuses on
the effects of weather-related disasters and climate change therefore acts as an additional incentive to expand current
programmes.

For humanitarian actors, the major concern until 2030 should be areas already subject to extreme weather in combination
with high human vulnerability (i.e. those areas identified as risk hotspots by this study). Over the next 20-30 years the
increasing intensity of climate hazards in these areas is likely to result in a significant increase in humanitarian need.
Humanitarians can be most effective by focussing efforts on reducing vulnerability in such risk hotspots. This is the most
efficient strategy because the distribution of vulnerability is well known based on current data, knowledge and experience.
However, the outputs of climate models, which could potentially indicate the distribution of future hazards, are uncertain
at best and particularly so at the local level. As climate science advances, humanitarian actors will increasingly be able to
incorporate climate projections into their planning.

Reducing vulnerability will also make societies more able to adapt to small changes in climate. This is important because
there is a significant risk that even small climatic changes in highly vulnerable areas could lead to a vicious cycle, which
could reinforce existing patterns of vulnerability and make those areas more prone to climate-related disasters in the
future. Integrating disaster risk reduction into development strategies for areas of extremely high vulnerability, regardless
of predicted climate impacts, could usefully mitigate this risk over the longer term.

Page | 25



Climate change and human vulnerability

Figure 13: Humanitarian risk hotspots for the three major climate-related hazards studied - flood, cyclones and drought. Risk hotspots are defined as areas where high human
vulnerability coincides with the distribution of weather-related hazards. The risk hotspots are shown as transparent layers to show where they overlap.
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Figure 14: Map showing cumulative humanitarian risk hotspots for all three climate-related hazards studied - floods, cyclones and drought. Areas at risk for more than one type of
hazard are considered to be of most concern for humanitarian actors.
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