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4 Mapping climate change hazards

Global changes in temperature and precipitation and the regional distribution of those changes are the primary drivers
affecting climate-related natural hazards. In this section we look at four main types of climate-related natural hazards:
floods, tropical cyclones, droughts, and disease. We first look at the current distribution of these hazards (in many
cases this is the most accurate indicator of future distribution available) then use projections from climate models
(where available) to identify the possible spatial distribution of these hazards over the timeframe of our analysis.

Floods

According to EM-DAT data, since 2000 floods have affected more than 800 million people, killing 46,000. During the
same time period, flooding has caused US$134 hillion of damage.>

Figure 4 shows an analysis of flood risk carried out by the World Bank and based on historical data from EM-DAT for
1983-2003.6 Flood risk is evident in more than one third of the world’s land area in which some 82 percent of the
world’s population resides, according to the World Bank analysis. The most flood-prone areas (blue areas in Figure 4)
encompass about 9 percent of the land area and more than 2 billion people (38 percent of the world population).
These flood prone regions include large areas of the Midwestern United States, Central America, coastal South
America, Europe, eastern Africa, northeast India and Bangladesh, China, the Korean peninsula, Southeast Asia,
Indonesia, and the Philippines.

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 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, especially at high latitudes. Even in areas where mean precipitation decreases
(most subtropical and mid-latitude regions), precipitation intensity is projected to increase. Figure 5 shows predicted
changes in precipitation intensity for 2080-2099. Analysed data for earlier timeframes is not available.

Increased flooding is likely to lead to increases in associated deaths, injuries and infectious, respiratory and skin
diseases. Flooding is also likely to have adverse effects on the quality of surface and groundwater, as well as the
quality of water supplies, and lead to disruption of settlements, commerce, transport and societies.

Flood mortality risk deciles
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Figure 4: Distribution of flood mortality risk for 1983-2003. Source: World Bank.”
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Figure 5: Percentage changes in annual extreme precipitation under scenario A1B. Annual extreme precipitation is
defined here as the maximum amount of precipitation in a 5-day period in a given year. The figure shows the
percentage change in the 30-year means for the period 2071-2100 relative to the means for 1961-1990. Source:
WBGU,? data Max Planck Institute.

Tropical cyclones

According to EM-DAT data, since 2000 wind storms have affected nearly 330 million people, killing 28,000. During the
same time period, wind storms caused US$134 billion of damage.®

Figure 6 shows an analysis of tropical storm risk carried out by the World Bank and based on historical data from EM-
DAT for 1983-2003.10 According to the World Bank analysis, at least 6.7 percent of the world’s land area was subject
to at least one instance of high wind speeds associated with a tropical storm or cyclone during the 21-year period of
record. The highest risk areas (blue areas of Figure 6) include about 2.5 million square kilometres (1.9 percent of
global land area) and more than 550 million residents (9.1 percent of global population). The most frequently hit areas
are in the western Pacific, southern Africa, the Caribbean, south Asia and southeastern United States. Figure 7 shows
the global distribution of tropical storm tracks over the past 150 years.

Rising sea surface temperatures as a result of climate change are 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. Recent work also
suggests that the frequency of very intense hurricanes and typhoons (Category 4 and 5) in the Atlantic Basin has
doubled since the 1970s as a result of rising sea-surface temperatures.

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, see Figure 7).
There is some evidence that increased sea surface temperatures will cause an expansion of areas affected by major
tropical storms towards the poles, with consequent changes in wind, precipitation and temperature patterns.1t
Expansion of the risk zone towards the equator is not expected due to Coriolis Effect, which is not present close to the
equator, preventing the development of cyclones. The recent past has seen a spate of exceptional windstorm events
around the globe. In 2004, Hurricane Catarina, which formed off the Coast of Brazil, was the first hurricane observed
in the South Atlantic. In October 2005, Hurricane Vince, which formed near the near the island of Madeira, was the
most easterly and northerly tropical cyclone ever recorded. It set course for the European mainland and reached the
coast of Spain.
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Intensified tropical cyclone activity would lead to increased risk of deaths, injuries and water- and food- borne
diseases. In addition there would be increased damage to natural resources such as coral reefs and mangroves, as
well as to crops, and increased damage to property and infrastructure, power outages and disruption of water

supplies.

Cyclone mortality risk deciles
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Figure 6: Distribution of tropical cyclone mortality risk for 1983-2003. Source: World Bank.12

Tropical storm tracks
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Figure 7: Distribution of distribution of tropical storm tracks over the past 150 years. Source: Unisys/JWTC.13
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Drought

According to EM-DAT data, since 2000 droughts have affected over 700 million people.14 Figure 8 shows the results of
a historical analysis of drought prone areas carried out by the World Bank. Drought hazards are defined as rainfall
periods at 50 percent less of the median for three consecutive months. For drought a weighted anomaly of
standardised precipitation (WASP developed by IRI) was used on monthly average precipitation for the period 1980-
2000. The highest risk areas (blue areas of Figure 8) are all located in sub-Saharan Africa. This is partly due to the
drought vulnerability coefficients used in the World Bank analysis, which give high weight to low-income African
countries and very limited weight to other regions. Other areas at high risk include much of South and East Asia, as
well as parts of South and Central America.

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 (see Chapter 3), there would be
longer dry periods in many areas, leading to increased incidence of doubt. Figure 9 shows the change in maximum dry
periods over the period 2071- 2100 relative to the means for 1961-1990. Overall analysis of the projected dynamics
of the climatic water balance (the difference between precipitation and potential evapotranspiration reveals that most
continental regions, even in areas where precipitation increases in absolute terms, the climatic water balance declines.
The implication of this is that less water will become available for human use because evaporation exceeds the
increase in precipitation (Figure 10).

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 impact on society, including food shortages,
water shortages for industry and society and reduced hydropower generation capacity. Reduced water availability may
also increase the risk of conflict in some parts of the world.1

Drought mortality risk deciles
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Figure 8: Distribution of drought mortality risk for 1983 and 2003. Source: World Bank.16
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Figure 9: Percentage change in maximum dry periods under scenario A1B in a simulation. A maximum dry period is
defined here as the maximum number of consecutive days within a year with a daily precipitation amount below the
threshold of Imm. The figure shows the percentage change in the 30-year mean values for the period 2071- 2100
relative to the means for 1961-1990. Source: WBGU, data Max Planck Institute.
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Figure 10: Future dynamics of drought risk for period 2041-2070. The map shows the. Source: WBGU; data: Hadley
Centre
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Disease

Global climate change is expected to have a wide range of affects on human health. Overall, the negative effects are
expected to outweigh the positive ones. The IPCC reports in its 4AR that climate change currently contributes to the
global burden of disease and premature deaths.l” Changes in climatic conditions can affect human health directly
through changing extreme weather patterns and indirectly through changes in water, air and food quality and
heightened risk of infectious disease epidemics (such as diarrhoea and respiratory disease).1® In this section we are
concerned primarily with the second category, in particular indirect impacts on vector- and water-borne diseases such
as dengue, malaria and cholera. Risks arising directly from weather extremes are covered elsewhere.

Projected trends in climate will continue to change the range of some infectious disease vectors. Climate change is
predicted to have mixed effects on malaria — in some areas the geographical range will contract, elsewhere it will
expand and the transmission season may be changed. Climate change is expected to increase the burden of
diarrhoeal diseases and increase the number of people at risk of dengue. 19

In the most comprehensive, peer-reviewed and quantitative assessment of the effect of climate change on human
health to date, the World Health Organization (WHO) examined the global burden of disease already attributable to
anthropogenic climate change up to the year 2000.20 WHO also made model-based forecasts of the health risks from
global climate change until 2030. Figure 11 shows the distribution of the impacts of climate change on diarrhoeal
diseases and malaria in 2000 (compared to 1990 baseline), based on data from the WHO study. Table 2 shows the
risk and mortality estimates for each region in 2000 and 2030.

The study calculated disease burdens for five geographical regions, limiting the resolution of the results to regional
estimates. The overwhelming complexity of any analysis including the effect of climate on disease vectors at a local
level makes predictions of the geographical distribution of increased disease risk extremely speculative. For this
reason we have not included disease as climate change hazard in our analysis (Chapter 6) but included it here for
completeness.

Research using data from the Mapping Malaria Risk in Africa (MARA) project gives some indication of the possible
affect of climate change on the impact of malaria. Excluding any increase in population, an increase of 16-28 percent
in person-month exposure (number of people exposed per month) to malaria risk by year 2100 was determined.2
However, like all previous continental or global models of malaria—climate relationships, the study fails to account for
non-climatic determinants or the variation of specific climate-disease relationships among locations.

DiarrhoealMalaria Mortality
. High : 75.54 deaths per million

Low: 0 deaths per million

Figure 11: Map showing the additional risks of diarrhoeal diseases and malaria due to climate change in 2000 at a
regional level. Source data: WHO?? and Patz et al.2
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Malaria Diarrhoea Total mortality
Region Mortality* Disease* Risk*** Mortality Disease Risk 2000 2030
AFR-D 5 178 1.02 5 154 1.08  10.00 10.50
AFR-E 18 682 114 8 260 1.08  26.00 29.16
AMR-A 0 0 151 0 0 1.00 0.00 0.00
AMR-B 0 3 115 0 0 1.00  0.00 0.00
AMR-D 0 0 1.08 1 17 1.02 1.00 1.02
EMR-B 0 0 1.00 0 14 1.00 0.00 0.00
EMR-D 3 112 129 8 2177 1.09 11.00 12.59
EUR-A 0 0 1.00 0 0 1.00  0.00 0.00
EUR-B 0 0 1.00 0 6 101 0.00 0.00
EUR-C 0 0 148 0 3 1.00 0.00 0.00
SEAR-B 0 0 1.00 1 28 1.00  1.00 1.00
SEAR-D 0 0 1.01 22 612 109  22.00 23.98
WPR-A 0 0 148 0 0 1.00 0.00 0.00
WPR-B 1 43 142 2 89 1.01 3.00 3.44

Table 1: Additional risks of diarrhoeal diseases and malaria due to climate change at a regional level? from Patz et
al.24 *Estimated mortality in thousands attributable to climate change in 2000 (compared to baseline climate of
1961-1990). *Estimated disease burden in thousands of DALYs attributable to climate change in 2000. ***Projected
changes in relative risk for 2030. Total mortality is the sum of mortality components for diarrhoeal diseases and
malaria (calculated for 2030 using risk factors).

2 AFR-D: Algeria, Angola, Benin, Burkina Faso, Cameroon, Cape Verde, Chad, Comoros, Equatorial Guinea, Gabon, Gambia, Ghana, Guinea, Guines-Bissau, Liberia, Madagascar, Mali, Mauritania,
Mauritius, Niger, Nigeria, Sao Tome and Principe, Senegal, Seychelles, Sierra Leone, Togo. AFR-E: Botswana, Burundi, Central African Republic, Congo, Cote d'lvoire, Democratic Republic of the Congo,
Eritrea, Ethiopia, Kenya, Lesotho, Malawi, Mozambique, Namibia, Rwanda, South Africa, Swaziland, Uganda, United Republic of Tanzania, Zambia, Zimbabwe. AMR-A: Cuba, Canada, United States of
America. AMR-B: Antigua and Barbuda, Argentina, Bahamas, Barbados, Belize, Brazil, Chile, Colombia, Costa Rica, Dominica, Dominican Republic, El Salvador, Grenada, Guyana, Honduras, Jamaica,
Mexico, Panama, Paraguay, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and the Grenadines, Suriname, Trinidad and Tobago, Uruguay, Venezuela. AMR-D: Bolivia, Ecuador, Guatemala, Haiti,
Nicaragua, Peru. EMR-B: Bahrain, Cyprus, Iran, Jordan, Kuwait, Lebanon, Libyan Arab Jamahiriya, Oman, Qatar, Saudi Arabia, Syrian Arab Republic, Tunisia, United Arab Emirates. EMR-D: Afghanistan,
Dijibouti, Egypt, Irag, Morocco, Pakistan, Somalia, Sudan, Yemen. EUR-A: Andorra, Austria, Belgium, Croatia, Czech Republic, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Israel, Italy,
Luxembourg, Malta, Monaco, the Netherlands, Norway, Portugal, San Marino, Slovenia, Spain, Sweden, Switzerland, United Kingdom. EUR-B: Albania, Armenia, Azerbaijan, Bosnia and Herzegovina,
Bulgaria, Georgia, Kyrgystan, Poland, Romania, Slovakia, Tajikistan, Macedonia, Turkey, Turkmenistan, Uzbekistan, Yugoslavia. EUR-C: Belarus, Estonia, Hungary, Kazakhstan, Latvia, Lithuania, Moldova,
Russian Federation, Ukraine. SEAR-B: Indonesia, Sri Lanka, Thailand. SEAR-D: Bangladesh, Bhutan (Democratic People’s Republic of), Korea, India, Maldives, Myanmar, Nepal. WPR-A: Australia, Brunei,
Darussalam, Japan, New Zealand, Singapore. WPR-B: Cambodia, China, Cook Islands, Fiji, Kiribati, Lao, Malaysia, Marshall Islands, Micronesia, Mongolia, Nauru, Niue, Palau, Papua New Guinea,
Philippines, Republic of Korea, Samoa, Solomon Islands, Tonga, Tuvalu, Vanuatu, Vietnam.
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5 Mapping human vulnerability factors

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. In this section we examine vulnerability 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 different notions of what human vulnerability is and how it is related to risk and adaptive capacity in relation
to climate change. Some of the various definitions of vulnerability are reviewed in Adger et al (2004)2> and Vincent
(2004).26 There are two main competing interpretations of vulnerability in climate change literature.2” The “end point”
approach views vulnerability as a residual of climate change impacts minus adaption. The “starting point” approach —
which we use in this study — sees vulnerability as a general characteristic generated by multiple factors and
processes. This means there are multiple points for intervention that may go well beyond technological adaptations, to
enhance people’s ability to cope with present day climate variability and long-term climate uncertainty. There are many
methodological issues surrounding the choice, use and interpretation of indicators for vulnerability assessments, and
Vincent (2004)28 and Brooks et al (2005)2 discuss a wide range of possible challenges. 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, which were combined to construct overall indices for each group. The groups were combined to give a
single vulnerability index. Various measures of vulnerability were then combined with the climate change hazard
results outlined in Chapter 5 to identify hotspots of humanitarian risk.

Our choice of vulnerability indicators was based on previous work by Maplecroft® and others. They are based on
current and historical data, with indicators chosen to be predictive where possible, and include both national and sub-
national datasets. Although the indicators are necessarily based on current data, we tried to make them as forward
looking as possible to account for changes in vulnerability in the future. Discussion of the rationale around measuring
vulnerability is outside the scope of this study but the reader is referred to the following sources: Adger et al (2004),3!
Vincent (2004)32 and Thornton et al (2006).32 Where possible, we used a framework of vulnerability and capacity
indicators that compliments that used in OCHA'’s Global Focus Model.
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Natural vulnerability

Water availability

A variety of indices are used to measure water availability, shortage, water scarcity and water stress. In this analysis
we use a simple quotient between water withdrawals and available renewable water resources. Water stress is
indicated when water withdrawal exceeds 40 percent of available resources, in other words, when the index is greater
than 0.4. Figure 12 shows the regions where water scarcity, defined by the relationship between water withdrawal and
available renewable water resources, occurs at the present time. However, this indicator can only be considered as a
broad marker of water shortage as it does not take into account seasonal water availability.

Almost one-third of the world's population currently live in regions where the absolute quantity of water available is
less than 1,000m3 per capita per annum. IPCC projections based on various emission scenarios show that the number
of people living under water stress, as defined above, could increase to 2.9-3.3 thousand million by 2025, rising to
3.4-5.6 thousand million by the year 2055 as a result of the postulated population increase alone — in other words,
without taking into account the consequences of climate change.

Climate change is considered likely to increase water stress for the inhabitants of certain regions (such as the
Mediterranean region, Central and South America and southern Africa). As a result, depending on which scenario is
used, an additional 60-1,000 million people could be affected by 2050.34

Figure 12: Global distribution of water stress — defined as withdrawal of more than 40 percent of renewable water
resources. Source data: World Water Assessment Programme.35
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Agricultural suitability and land degradation

To aid assessment of the vulnerability of agricultural systems to climate change this analysis includes indicators
relating to agricultural suitability and land degradation. Figure 13 shows a map of agricultural suitability based on
FAO/IIASA data.3¢ The higher the agricultural suitability, the higher the potential crop production and the higher the
capacity (lower vulnerability) of communities to adapt to substantial changes in climate.

Figure 14 shows the extent of soil degradation at a global level based on ISRIC data.3” The assumption made is that
the higher the level of human-induced soil degradation, the higher the vulnerability of agricultural systems and
communities to changes in climate.

n
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Figure 13: Vulnerability of agriculture based global agricultural suitability for a combination of staple crops. Source
data: FAO.
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Figure 14: Global soil degradation. Source data: ISRIC
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Human vulnerability

For the purposes of this analysis, we divided human vulnerability into two sub-categories — poverty and health. To
measure each aspect, we developed an index based on a number of national and sub-national data sets.

Poverty
The poverty index was derived from the following components:

UNDP Human Development Index 38

Infant mortality rate — The sub-national data set from the Socioeconomic Data and Applications Center (SEDAC)
at CIESIN (Center for International Earth Science Information Network) was used.®® In this data set, the infant
mortality rate is defined here as the number of children who die before their first birthday for every 10,000 live
births.

Underweight children — The sub-national data set from SEDAC was used for this indicator.40 It provides an
estimate of the percentage of children under 5 who are underweight for their age. Wasting indicates current acute
malnutrition and refers to the percentage of children under 5 years of age weight-for-height is less than two
standard deviations from the median weight-for-height from the international growth reference standard.

Figure 15 shows the aggregation of these indicators based on an equal weighting.
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Figure 15: Poverty risk index
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Health
The health index was derived from the following components:

e Adults living with HIV 2005 (%)%

e Malaria prevalence, notified cases per 100,000 population?

e TB prevalence, all forms (per 100,000 population per year)+3

e Percentage of population (adults and children) undernourished#4

Figure 16 shows the aggregation of these indicators, based on a weighting that reflects the total global number of
deaths from each disease. Although there are obvious limitations to this approach (interaction of HIV and TB;
obtaining correct estimates for deaths as a result from malnutrition) it takes into account the relative impact of each
disease on the health of a population.

lﬁﬂl

Figure 16: Health risk index
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Social vulnerability

For the purposes of this analysis, we divided social vulnerability into three sub-categories — governance, conflict and
displacement. To measure each aspect, we developed an index based on a number of national data sets.

Governance

The World Bank Governance Indicators#s present national indicators for six dimensions of governance: voice and
accountability; political instability and violence; government effectiveness; regulatory quality; rule of law; and control of
corruption. The indices are based on several hundred individual variables measuring perceptions of governance
drawn from many data sources. Each indicator is normally distributed with a mean of zero and standard deviation of
unity. These six indicators cannot meaningfully be averaged for a particular country, so following Brooks et al (2005),46
we took two of the six (voice and accountability, and government effectiveness) and assigned the scores to quintiles,
averaged the quintile scores and then rearranged these into new quintiles. The results are shown in Figure 17.

“Voice and accountability” includes several indicators that measure various aspects of the political process, civil
liberties and political rights, together with the independence of the media. “Government effectiveness” combines
information on the quality of public service provision, 77 the quality of the bureaucracy, the competence of civil
servants, the independence of the civil service from political pressures, and the credibility of the government's
commitment to policies.

-
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Figure 17: Governance risk based on aggregation of World Bank Governance Indicators for ‘Voice and
Accountability” and “Government Effectiveness”.4?
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Conflict

Conflict and political violence reduces the capacity of a population to make adaptive changes in response to climate
change and increases vulnerability. To include conflict and conflict risk as a vulnerability factor in this analysis, we
developed an index of conflict risk based on the following components:

The first and most heavily-weighted (x3) indicator measures conflict intensity. It is based on a combination of the
approaches taken by leading organisations in the field of conflict data collection and analysis. These are the
Heidelberg Institute for International Conflict Research’s Conflict Barometer,4 which measures conflict intensity
on a five-point scale between latent conflict and war, and the Uppsala Conflict Data Program (UCDP),% which
employs a system based on the number of battle-related deaths. Our figures have been enhanced by data from
the CrisisWatch database of International Crisis Group (ICG).50

We included extrajudicial and unlawful killings (x2) as another indicator since we found this to be an excellent
indication of conflict and societal violence in general. High levels of societal violence typically occur prior to,
during or following conflicts and using this record has enabled us to nuance the different stages between war and
peace. This was weighted less heavily. Quantitative information on extrajudicial and unlawful killing was derived
from quantitative reports on human rights violations by the US State Department.5!

Our third indicator on refugees and internally displaced persons (IDPs) (x1) records a consequence of conflict that
can exacerbate a poor security environment, cause instability and further conflict or at the very least hamper
peace. It is also a good measure of the fragility of the societies in conflict or post-conflict countries in which
businesses operate. Data on displacement and IDPs came from UNHCRS2 and the Internal Displacement
Monitoring Centre.53

The conflict risk map reflects the effect that a conflict has on the country as a whole. Even where a number of
separate conflicts occur simultaneously, the map reflects their cumulative effects at a national level. The results of the
index are shown in Figure 18.

|I|Hm
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Figure 18: Conflict risk index
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Displacement

We included displacement as a component of social vulnerability because it is a useful indicator of current and future
social unrest, which is an important indicator of vulnerability. To measure displacement we developed an index
combining data on refugees by country of origin and internally displaced people (IDPs). Data on displacement and
IDPs came from UNHCR®4 and the Internal Displacement Monitoring Centre.s The result of the indicator calculation is
shown in Figure 19.

Figure 19: Displacement risk index
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Financial vulnerability

As an indicator of financial vulnerability, we calculated theoretical GDP density (Figure 20). This was calculated using
population density data from CIESINS® and GDP data from the IMF.57 This indicator is intended provide information on
the distribution of wealth in each country, giving greater resolution than national based figures alone. However, its
calculation assumes that wealth is equally distributed amongst the population living in each country, regardless of
where they live (e.g. urban or rural environment). It assumed that areas of lower wealth concentration are more
vulnerable. The uneven distribution of wealth is taken into account using the sub-national indicators mapped in the
human vulnerability section (infant mortality rate and child malnutrition). These are considered to represent the
distribution of wealth better than national indicators (such as the GINI coefficient) because they describe the actual
distribution, rather than just its overall magnitude at a country level.

High: 10

Low: 0

Figure 20: Financial vulnerability based on GDP density (units are US$ per square kilometre). Source data: CIESIN,
IMF.
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Physical vulnerability

This indicator measures the quality and extent of two key components of physical infrastructure — road transport and
telephone communications. These are extremely important factors in countries’ capacity to assess and respond to
humanitarian emergencies. To calculate the physical infrastructure component (shown in Figure 21), we combined the
following datasets, with equal weighting:

e Length of road per 1000km? of territory (national)®8
e Fixed and mobile telephones per 1000 population (national)®

e Proximity to roads based on calculation using the on the VMAPO Digital Chart of the World dataset (sub-
national)éo

.ﬁm:m
Low: 0

Figure 21: Physical vulnerability index
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Overall vulnerability

The following figures show the results of an analysis of human vulnerability based on combining the vulnerability
factors described above. The maps show levels of relative vulnerability for each of the five groups of vulnerability
factors we identified: natural vulnerability (Figure 22), human vulnerability (Figure 23), social vulnerability (Figure 24),
financial vulnerability (Figure 25) and physical vulnerability (Figure 26). Individual vulnerability indicators were
weighted equally within each group.

We also combined all five groups of vulnerability parameters to produce an overall human vulnerability index. This is
shown in Figure 27. The weighting of the five groups of parameters within the overall vulnerability index are as follows:
natural vulnerability (22.5 percent), human vulnerability (22.5 percent), social vulnerability (22.5 percent), financial
vulnerability (22.5 percent) and physical vulnerability (10 percent).

Figure 27 shows that the largest regions of high overall human vulnerability are located in Africa, particularly the
Sahel, Horn of Africa and Central Africa. There are isolated pockets of high vulnerability across much of the continent.
However, there are other regions of the world that also have large concentrations of high vulnerability, including:
central and south Asia, particularly Pakistan/Afghanistan/lran and the Caspian region; parts of southeast Asia
including Myanmar, Laos and Cambodia; parts of east Asia, including Mongolia and north and west China; and parts
of South America, especially the Andean region.

In the following sections we overlay the distribution of climate-hazards (including future projections) with vulnerability
maps to identify hotspots of humanitarian risk.

High; 10

Low: 0

Figure 22: Natural vulnerability
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Figure 23: Human vulnerability

Figure 24: Social vulnerability
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Figure 26: Physical vulnerability
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Figure 27: Overall human vulnerability index
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6 Recommendations for further research

Climate change and related human vulnerability have increasingly received attention since the start of this century. New
studies are becoming available every year building up on knowledge in the relationship between the two.
Contemporaneously, new datasets are becoming increasingly available and usually available online. This means that a
study such as this can never be exhaustive and becomes outdated relatively quickly. Moreover, choices have had to be
made regarding the approach, the actual model used, the spatial coverage and resolution, etc. These choices have been
influenced in turn by the direct availability of information, datasets, capacity, budget and time. Although this study gives a
first indication of human vulnerability to climate change and projections with the best information and methodology
available at the time of writing, this research could be extended to better model and predict current and future trends. This
chapter lists the key recommendations to extend the research into the interaction of climate trends and humanitarian
vulnerability and the implications for humanitarian actors.

Indicators/modelling

e The set of indicators used to model climate change hazards and vulnerability are outlined in Table 1. Some of could
be replaced by better or more detailed ones if they become available. The soil degradation dataset dates from 1990
but is the best global dataset available currently. CIESIN for example is working on the GRUMP range of products,
which will map population density at a much higher resolution compared to Global Population of the World (GPW)
which we used. Moreover GRUMP makes a distinction between urban and rural areas, which allows refining of the
model and hence variation in human vulnerability between rural and urban areas.

e Populations in coastal and other flood prone areas could be incorporated into the model using global elevation data
such as NASA's SRTM. By integrating such a source physical vulnerability could be modelled more accurately.

e The coverage of primary roads in the VMAPO dataset is not consistent across all countries and contains some errors.
VMAP1 is available for certain countries and gives a better picture of road proximity and hence physical vulnerability.
Development of a cost grid for areas in between roads would give an even better modelling of road proximity, for
example based on elevation and or land use.

e The current model takes into account theoretical crop suitability based on the FAO’s GAEZ project and is not based
on actual land use. Hence the natural vulnerability index gives a more positive picture than when actually taking the
currently cropped lands into consideration. Though not available at a global scale, actual crop production figures for
the most important staple crops would further improve the model and hence mapping of natural and deduced human
vulnerability.

e A more accurate picture of natural vulnerability could be obtained if regional climate model calculations were
incorporated in the model. This would involve downscaling of Global Climate Model data taking into account the local
situation, topography, surface, projections for climate change, extreme weather patterns, water availability, runoff
patterns, disease transmissions and compare different model scenarios (e.g. a wet and a dry model).

Analysis

e A more regionally constructed model would allow for better predictions of current or future human vulnerability.
Current humanitarian hotspot areas as well as vulnerability hotspot areas need to be further examined, and
benchmarked with actual figures from the field in the form of case studies.

e With a more regionally focussed model it would be possible to overlay hotspot areas with more quantitative data
(such as population count) in order to be better able to actually quantify the number of people at risk in any given local
area. The scope and budget of this research have limited the work to a global scale and poses limitations at the
regional level.

e In order to better quantify humanitarian implications of the model, results the outcomes of the model need to be
benchmarked against other studies and or datasets. For example the poverty index could be compared to the night
time light intensity poverty index or other datasets with a global coverage.

e Vulnerability indicators could be merged using Principal Component Analysis (PCA) or other methods and compared
to the current results. Principal components analysis is a technique used to reduce multidimensional data sets to
lower dimensions for analysis. Although the outcomes of such analyses are sometimes hard to fully understand they
generally give a more clear result by reducing fuzziness and mapping the most highly correlated variables.
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Appendix 1: Climate change models

Introduction

Climate change projections are carried out using General Circulation Models (GCMs), which are a class of computer
driven models for weather forecasting, understanding climate and projecting climate change. GCMs consist of
atmospheric models (AGCMs) and oceanic GCMs (OGCMs). An atmospheric and an oceanic GCM can be coupled
together to form an atmosphere-ocean coupled general circulation model (AOGCM). The IPCC projections are based
on AOGCMs that represent the pinnacle of complexity in climate models taking into account as many processes as
possible. These tools are still under development and are continually being improved.

Climate models are based on well-established physical principles and have been demonstrated to reproduce observed
features of recent climate and past climate changes. There is considerable confidence that AOGCMs provide credible
quantitative estimates for future climate change, particularly at continental and larger scales. Confidence in these
estimates is higher for some climate variables (e.g. temperature) than for others (e.g. precipitation). More information
on the differences between climate models can be found in chapter eight of Working Group | contributions to the 4t
Assessment Report. 61

Examples of AOGCM are the HadCM3 (Hadley Centre Coupled Model version 3) developed by the United Kingdom
Met Office and the ECHam4, a fourth-generation AOGCM developed at the Max Planck Institute for Meteorology
(MPI) in Hamburg Germany.

Model scale

As their name implies, GCMs have global coverage and are optimised for global analysis. Most GCMs have a
resolution of around 2.8 by 2.8 degrees, which resolves to approximately 300km. As a result the results can appear
very pixelated when zooming into a region of interest. As model results are not available for higher resolutions this
limits the analysis possibilities of these datasets.

In order to better estimate regional differences of output results of GCMs it is possible to downscale results to a higher
resolution. This can be done in various ways and normally involves different means of interpolation of the original
source data. As downscaled data is not freely available and often introduces new uncertainties in the correct
interpretation of the data, this process has not been carried out as part of this analysis.

Regional Climate Models (RCMs) nested within GCMs are in the process of being developed for specific regions and
will improve performance and resolution for future projections.

Timeframes

The different GCM used in IPCC 4th Assessment Report (4AR) all use the same time frames in order to be able to
compare results of the different models and consist of 20 and 30 year averages. Where possible, the time used in this
research project is the twenty year averages for the period 2010-2030, relative to AD 2000.

Choosing a scenario

The GCMs used in the 4AR include what are known as different emission scenarios. Future greenhouse gas (GHG)
emissions are the product of very complex dynamic systems, determined by driving forces such as demographic
development, socio-economic development, and technological change. Their future evolution is highly uncertain.
Scenarios are alternative images of how the future might unfold and are an appropriate tool with which to analyse how
driving forces may influence future emission outcomes and to assess the associated uncertainties. The approved set
of scenarios is described in detail in the IPCC Special Report on Emission Scenarios. 62

The analysis described in this report is based on what is known as the A1B scenario. The ‘A’ scenarios are generally
referred to ‘business as usual’ scenarios and have more of an emphasis on economic growth, compared to ‘B’
scenarios, which have more emphasis on environmental protection. The ‘1’ set of scenarios assumes more
globalisation compared with the 2’ scenarios, which assume more regionalisation. The context of the A1B scenario
among the range used in climate models is shown in Figure 28. There is relatively little difference in the results of
climate projections using different scenarios over the timeframe considered in this analysis.

The Al storyline and scenario family describe a future world of very rapid economic growth, global population that
peaks in mid-century and declines thereafter, and the rapid introduction of new and more efficient technologies. Major
underlying themes are convergence among regions, capacity building and increased cultural and social interactions,
with a substantial reduction in regional differences in per capita income. The Al scenario family develops into three
groups that describe alternative directions of technological change in the energy system. The three Al groups are
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distinguished by their technological emphasis: fossil intensive (ALFI), non-fossil energy sources (A1T), or a balance
across all sources (A1B) (where balanced is defined as not relying too heavily on one particular energy source, on the
assumption that similar improvement rates apply to all energy supply and end-use technologies).

Limitations

The 4AR projections are based on more than twenty GCM as run by the various institutes that participated in the IPCC
research. Each model has its own characteristics and has been constructed in different ways. Some models are
known as ‘wet models’, others as ‘drier’ models. Hence the ideal situation requires comparative analysis between all
the models including the different scenarios.

Due to the limited scope of this research project it is not possible to compare differences among all the different results
for the model matrix. As the models indicate a high correlation of trends in climate change projections up to 2030 this
limitation becomes especially important when looking beyond this timeframe. Calculating multi-model averages would
be a way to better address model differences if more time would be available, as the source data is not available in
averaged format.
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Figure 28: Total global cumulative CO2 emissions (GtC) from 1990 to 2100 and histogram of their distribution by
scenario groups. Scenarios are also grouped into four cumulative emissions categories: low, medium-low,
medium-high, and high emissions. From IPCC Special Report on Emission Scenarios. 63
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