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KEY MESSAGES

While mitigation of the sources of atmospheric glemise gases causing accelerated climate change
continues to be a key target of climate policibg teality is that atmospheric pollution caused by
economic activities over the past century haveadlygesulted in a process of climate change thiat wi
not be reversed for many decades to centuries, ie@radditional pollution were to cease tomorrow

It therefore is essential that we take meastwdsy to adapt to the inevitable impacts of climate
change on water resources and water managemetgg#sa In contribution to starting debate
between water sector and climate and developmditigsy the Co-operative Programme on Water
and Climate and associated water resource managiensramunities conclude that

1. Strategies for achieving the MDG’s do not accoantclimate variability and changéMDG-
report 2005, URN).
Climate impacts on hydrological systems (IPCC, 2p@hd on livelihoods threaten to
undo decades of development efforts. A 2003 call Ministers and Heads of
Organisations to mainstream climate impacts intanping processes for poverty
reduction has yet to be heard.

2. Climate related risks are not sufficiently consigrin water sector development and
management plans.
To meet the MDG targets substantial investmentsstiructural (storage, control,
conveyance) and non-structural (demand side maremgerfiood plain management,
service delivery, etc.) approaches to water manageare required. Such investments are
long term and hence should be designed in waysr#flgct the risks associated with
climate variability and change. Using historicastatistical data alone will not suffice
when preparing for a future under climate changesigh standards and management
strategies should take account of likely futureng®s in the hydrological cycles and
climate.

3. Investment in climate disaster risk reduction isezdial.
The costs of disasters, especially those relatahter (hydro-meteorological events: heat
waves, storms, flood and droughts) are increagtmgergency aid alone is already more
than 20% of official ODA (IFRCS-World Disasters Rets) and the total cost of
disasters in ODA-countries is substantially largean the assistance itself (see e.g.
Thematic document Area no. 5 for the WVREAL present, policies do little to reduce the
high recurrent costs of emergency aid and rehatdin. Unless substantive efforts are

2 The Millennium Development Goals report 2005, UNyNY ork

3 Climate Change 2001. Impacts, Adaptation and \falniéty. IPCC Working Group |I

* International Federation of Red Cross and Redd@résSocieties (IFRC), World Disasters Reports.
® Risk Management, Baseline Document for Framewdwdtile 5, WWF4
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made to mainstream climate risk reduction as partevelopment and post-disaster
reconstruction, the recurrent costs of emergerdtyvdi only keep increasing.

4. The trend of increasing costs has to be reversatks dan be done through the ‘Safety
Chain’ concept (prevention, preparation, interventi risk spreading, recondition,
reconstruction).

Most ODA-institutions and countries take actioreaflisasters have occurred. The steeply
rising costs of disasters necessitate action. Rdltam financing relief, it is essential to
think of risk management as a coherent suite ebetincluding prevention, preparation,
intervention, risk spreading, reconditioning, aedanstruction. Althoughot all risks can
be avoided, preventive measures should play anriaoptorole and have proven to be cost
effective. In case a disaster does strike, recoctsdn needs (i) an early start (to limit the
period for emergency relief), (i) continuity (toake sure that a new secure situation can
be reached) and (iii) to explicitly incorporate rseees that manage future risks.

5. Coping measures need to combine a suite of tedhhisauctural and non structural

measures.

Structural defence or resistance type measuresdeadams, dikes and reservoirs. The ‘no
regret’ principle is useful for the design of thesteuctures. Non-structural measures
include early warning, spatial planning, ‘living tviwater’, insurance, etc. The safety-
chain-concept advocates a combination of both tygfemeasures. In turn, the safety
chain concept encourages economic and societaldtioos and provides for investment
opportunities (see e.g. Kabat et al. 2005

® Climate Proofing the Netherlands. Nature, 200%; 488, 283-284
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1 INTRODUCTION AND EXECUTIVE SUMMARY

This document intends to support and to enhandebate about current and future climate
related risks in the water sector and related ewimodevelopment. Africa and Millennium
Development Goals (MDG’s) are used here to illustrtne potential risks associated with not
adequate consideration of the effects of climateabdity and change.

This report will be presented and discussed afFtheth World Water Forum held in March 2006 in
Mexico City.

At the United Nations Millennium Summit in Septeent2000, world leaders adopted the
Millennium Development Declaration. From this Dealzon emerged the Millennium Development
Goals, a set of clear and quantifiable targetsitiress extreme poverty in its many dimensionstsin i
progress reports, the UN Millennium project groapagnizes the risks posed by climate change and
climate variability on the achievement of the gd&lsl Millennium Project, 2005a-e). However, these
adverse impacts are not taken into account in Kesirecommendations.

Integrated Water Resources Management (IWRM) ikéyeconcept the water sector should be using
for water related developments and measures, andehir achieving the water related MDG's.
However the potential impacts of climate changeianceasing climate variability are not sufficigntl
addressed in the IWRM plans (Kabat et al, 2003;aand van Schaik, 2003). In a review of IWRM
plans at different levels, Ghezae (in preparatfongs that neither the IWRM handbook nor any of the
IWRM national plans mentions climate change aslato be taken into account.

With the exception of the IPCC, most of the keyeinational reports and assessments which are
directly or indirectly targeting the water sectauch as the UN World Water Development Report, the
World Water Vision and the Human Development Repwtnot explicitly address and treat the risks
posed by climate change. Since these global \8sionl strategies are often the basis for sectodal a
regional strategies and Country Assistance Strege(@AS), it is important that climate risk factors
are covered in essential documents at all levels.

Some agencies, like the African Development BanRBAand the World Bank, already recognise the
need to prepare guidelines for climate proofing@ping with climate variability and change) in CAS
and related economic development strategies. Th8'€have to be further included into National
Adaptation Programmes of Action. Only a very liditaumber of these plans have been prepared
until now. One of the reasons is the lack of openal instruments to deal with climate change and
climate variability issues. The World Bank has el working papers and reports on the integration
of natural catastrophes into development plannieg. (World Bank, 2002; World Bank Global
Climate Change Team, 2004), in which reducing disasulnerability is recognized as one of the
most critical challenges for development in thé' 2éntury. However the tools to take the potential
adverse effects of climate change and extreme gwettt account in investment planning are not yet
fully operational.

11
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In this report, we first show some examples oblfgl) distribution of hydro-meteorological
events over the past 20 years. The losses bo#mrstof mortality and in terms of proportion of GDP
are highest in developing countries. We illusttheg the probability of an increase in weathertezla
extreme events like droughts, floods and cyclonég@sult in an increase in the costs of disasters
Chapter 3, we discuss how climate may influence NH2G agenda. Severe climate impacts are
expected mainly in the sectors agriculture (fobdglth and water supply for drinking and sanitation
which are all essential to meet MDG’s. The absesfcelimate consideration in the implementation
agenda for the MDG'’s will undermine the sustainigbof MDG-investments and the operational goal
of poverty alleviation. In Chapter 4, the negativgacts of climate change and climate variability o
development are discussed, using the example ataAfHere, some progress reports on MDG's
frequently note the goals being affected by natdrshsters. Droughts in Tanzania and flooding in
Mozambique are cited as important causes for coimiin high levels of rural poverty in these
countries. Analysis show that recent drought andding events in Kenya and Mozambique had a
large influence on economic growth and the damagésamounted a considerable proportion of the
annual GDP. Model estimations of the impact ofdristl rainfall variability on future economic
growth in Ethiopia to 2015 suggest that climateialdlity may cause a 38 % decline in average
projected GDP growth. The agricultural sector Wwél hit the hardest.

The World Disasters report states that emergendyabine is already more than 20% of official
development aid (ODA). In the view of climate chanthis cost is expected to further increase. The
trend of increasing emergency costs has to begseddry increasing the preparation expenditures for
preparedness. In terms of the risk management dyisleneans there should be a shift in attentiah an
money from response to preparedness. Recent sindieate that for every $1 spent on preparing for
disasters, a further $7 is saved in the cost afwexing from it.

In order to increase the coping capacity of deviaelpgountries and decrease the vulnerability to
climate change, economies should be less depermterdlimatic extremes, such as floods and
droughts. All developed countries have a wateragrcapacity per capita that is much higher than in
most African countries. This storage capacity aamcfion as a buffer to absorb climatic shocks like
droughts and floods.

One way of increasing resilience is implementingraagrated ‘climate proofing’ concept (Kabat et
al, 2005). The idea of climate proofing is to congihard infrastructure to reduce the risks to a
quantified level, accepted by society or economigh & new generation of measures towards risk
management. Increasing the water storage capacign important component of this strategy.
Successful coping measures always need to comlgngeaof technical / structural and non structural
measures. Non-structural measures include for ebeaggrly warning, spatial planning, ‘living with
water’, and insurance.

12
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2 WATER RELATED CLIMATE RISKS: A BRIEF OVERVIEW

2.1 Climate change and the water cycle

Annual precipitation trends: 1900 to 2000

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE

Global average sea level rise (1990 - 2100)
Sea ol rise {motres) for the six SRES Scenarios

10,
Range in 2100

IPCC
INTERGOVERNMENTAL FANEL ON GLIMATE CHANGE

Figure 2.1 Annual precipitation trends 1990-200@ qrojected global average sea level rise (1990-
2100) (IPCC, 2001a)

In their third assessment report, the IntergoventaiePanel on Climate Change (IPCC) concludes
that the Earth’s surface is warming, average pittipn patterns are changing and global sea level
rises (IPCC, 2001).

Spatial variability in the hydrological cycle ard development are large, leading to large diffeesn
between the regions, as compared to a global awerEuere is still relatively high uncertainty in
prediction of regional climate development. Acrasest climate change scenarios, an increase in
annual mean precipitation in high latitudes andtBeast Asia, and decreases in central Asia, the are
around the Mediterranean, southern Africa and Allistis projected (IPCC, 2001).

However, climate change will not only induce a gradchange in annual means. Climate change
(natural and man-made) has a significant impacdhenhydrological cycle. Higher greenhouse gases

concentration in the atmosphere causes changke energy balance on the Earth surface, resulting i
13
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a higher atmospheric temperature, and thus, acwprdd the basics of thermodynamics, an
‘intensification’ of the hydrological cycle.

As a consequence, it is expected that climate mvesewill increase substantially (e.g. Scott et al,
2004; Milly et al, 2002). Small changes in climatey have a large impact on the probability
distribution of extreme weather events (floodsugjtat, storms) in space and time, and on the irtiensi
of extremes (IPCC, 2001).

Recently, a number of groups and institutions a®dythe occurrence of hydro-meteorological
disasters and the corresponding human and ecoroarsis posed on societies (e.g. World Bank, 2005;
UNDP, 2004; IFRC, 2001). A trend in the increasimgnber of disasters can already be documented
(see figure 2.2).

450
400 Hydro-meteorological

350 /
300 /
250 /

210 I _s=sm s

150
100
50 +—

91 92 93 94 95 96 97 98 99 2000

Geophysical

Figure 2.2 Number of disasters reported (sourc&R@; 2001)

2.2 Droughts

In a recent report, the World Bank analysed worldeareported disasters and associated economic
and human life losses (World Bank, 2005). Figur8 2hows drought frequency and spatial
distribution over a period 1980 to 2000 and cainterpreted as the current drought risk. This figur
presents a count of the reported drought eventsjdms not consider intensity of the event

It should be noted that droughts are defined heraraeteorological droughtdefined as a deviation
from the average precipitation pattern. The conseges of hydrological droughts will then depend on
regional / local circumstances (soil type, cropetypvailability and depth of groundwater, water
storage etc.).

14
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brought Hazard

8th-10th |

Figure 2.3 Global drought hazard frequency andrifisttion’ (World Bank, 2005)

Climate change causes a decrease in precipitatimiioed with an increase in evapotranspiration and
therefore enhances the drought situation in moghefregions that are already suffering. It makes
already marginal areas into drought areas. Incseasagricultural intensity and population dengity
top of changing climate only contribute furtheimught situations.

2.3 Floods

Figure 2.4 shows flood frequency and spatial distion over the period 1985 to 2003. This figure
presents a count of the reported flood events,does not consider intensity of the event. Future
climate change will influence the floods causedhbby sea level rise and increased river flow
discharges, and as a consequence of a higher jigbabd strength of torrential rainfall (espedyal
cyclones/hurricanes).

Sea level rise at the moment is about 10-20 cnceetury, but the climate change will increase the
speed of absolute SLR due to thermal expansionabémat higher temperatures and the melting of
glaciers and land ice. Recent global estimates shose of several to a number of decimetres above
the 1900-level at present and up to a metre incibring century on top of the ongoing land

" This 2.5 by 2.5 minute gridded data set was deeelafsing the Weighted Anomaly of Standardized
Precipitation (WASP) developed by IRl using averagenthly precipitation data at 2.5 degree

resolution for the time period 1980 through 2000 TWASP assessed the precipitation deficit or
surplus over a specified number of months, weightethe magnitude of the seasonal cyclic variation
in precipitation. A three-month running average \apglied to the precipitation data and the median
rainfall for the 21-year period calculated for eapid point. A mask was applied to eliminate grid

points where the three-month running average pitatigm was less than 1 millimeter per day. Drought
events were identified when the magnitude of a migrirecipitation deficit was less than or equal to
50 percent of its long-term median value for thveenore consecutive months. The grid cells wera the
divided into ten classes having an approximatelyatqumber of grid cells. Higher grid cell values

denote higher frequencies of drought occurrence.
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subsidence in certain areas (IPCC, 2001, see macef2.1). However, there are large differences
between regions in relative sea level rise.

Figure 2.4 Global flood hazard frequency and disttior? (World Bank, 2005)

Several factors contribute to the increase of ril@ods. In almost al mountainous regions, glacier
retreat is causing a decrease in snow melt, leddiagower base flow in rivers. However, with hégh
temperatures winter snow melts quicker, leadingrtancrease in peak flows. Furthermore, almost all
models predict more dynamics in rainfall pattereading to even more pronounced peak flows in
rivers. Regional climate change projections diffiebstantially with respect to peak rain fall, sremvd
glacier developments. In combination with climateers, changing land use will still remain to be o
of the main culprits behind increased flood rigkshe future.

2.4 Tropical Storms

The hazard frequency and spatial distribution opital cyclones between 1980 and 2000 is depicted
in figure 2.5.

The influence of global warming on the occurreniod magnitude of tropical storms is subject to an

ongoing scientific discussion. Webster et al. (90filiserved an increase in the number and proportion
of hurricanes reaching the highest categories enplist 35 years. Emanuel (2005) has found a high
correlation between the tropical sea temperatucethe net destructive hurricane power dissipation.
Many climate models (but not all) also predict agréase in the magnitude of tropical storms.

Furthermore, with increasing sea water temperatuhes geographical area in which cyclones can

develop could extend, resulting in larger coastales under risk.

8 This 2.5 by 2.5 minute gridded data set was derifi@d a global listing of extreme flood events
between 1985 and 2003 (poor or missing data iednky/mid 1990s) compiled by Dartmouth Flood
Observatory and georeferenced to the nearest délgreeesultant flood frequency grid was then
classified into 10 classes of approximately equahimer of grid cells. The greater the grid cell vdlue
the final data set, the higher the relative freqyenf flood occurrence.
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8th - 10th

Figure 2.5 Current global cyclone hazard frequeaay distribution’ (World Bank, 2005)

® This 2.5 by 2.5 minute gridded data set is basesiare than 1,600 storm tracks for the period 1
January 1980 through 31 December 2000 for the AitlaRacific, and Indian Oceans that were
assembled by UNEP/GRID-Geneva PreView. Wind spasalsnd storm tracks were modeled to assess
the grid cells likely to have been exposed to higid levels. Post-modeling, the cells were divided

into 10 classes consisting of approximately equatier of grid cells. The higher the value of thelgri
cell, the higher the deciles are ranking and tleaigr the frequency is of the hazard relative herot

cells.

17



WATER AND CLIMATE RISKS:
A PLEA FOR CLIMATE PROOFING OF WATER DEVELOPMENT STRATHES AND MEASURES

2.5 Overall exposure to hydro-meteorological hazards

Figure 2.6 shows (by hazard type) regions that hexgerienced the highest economic losses
proportional to their GDP. It is clear that devetgpcountries in Africa, the Middle East and South-
East Asia have seen the largest relative econoasisek in the past 20 years. We can therefore
conclude that the developing countries are alrdhdymost vulnerable and will probably be hit the

hardest by climate change and an increasing vétjabi

High Proportional Economic
Loss Risk
Top 3 Deciles at Risk from:

|: Drought Only

I:‘ Geophysical Only

E Hydroe Only

D Drought and Hydro

- Geophysical and Hydro

C\ Drought and Geophysical
- Drought, Hydro and Geophysical

Note: Geophysical hazards Include earthquakes and volcances;
hydrological hazards includs floods, cyclonss, and landslides.

Global Distribution of Highest Risk Hotspots by Hazard Type

Economic Loss Risks as a Proportion of GDP per Unit Area

Center for Hazards and Risk Research
The Earth Institute at Columbia University
www./deo.columbiaedu/chrriresearch/holspots

Source: Figure 1 2c. Natural Disaster Hotspots - A Global Risk Analysis
2005 The Worid Bank and Columbia University

Figure 2.6 Global distribution of highest risk hptts by hazard type (World Bank, 2005)
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3 MILLENNIUM DEVELOPMENT GOALS AND CLIMATE

3.1 Water related MDG's and climate

Changes in weather patterns and extreme eventsaffelgt people if (parts of) societies are sensitiv
to these changes. The impact can depend on regemifis situations like current water stress, water
storage capacity, groundwater stock, and potefatiadxpanding agricultural area.

As shown in figure 2.6, climate hits developing owies hardest and can therefore threaten the
achievement of the Millennium Development Goals (M8). Table 3.1 lists the MDG's that are
specifically related to water and could be affect®d climate change and increasing climate
variability.

Table 3.1The Millennium Development Goals and targdnich are especially sensitive to climate
change and extreme events

Millennium Development Goals Targets for 2015

Eradicate extreme poverty and 2 Halve proportion of people who suffer from hang

hunger

Reduce child mortality 5 Reduce by two-thirds, the under-five mortality

Improve maternal health 6 Reduce by three-quarters the maternal mortalityg

Combat HIV/AIDS, malaria and 8 Have halted and begun to reverse the incideho®laria and other major diseases

other diseases

Ensure Environmental sustainability 9 Integrate the principles of sustainable devalept into country policies and programs and
reverse the loss of environmental resources

10 Halve the proportion of people without sustblaaccess to safe drinking water and basic
sanitation

3.2 Food

Several of the MDG's that could be affected by eliexchange and variability are related to nutrition
and therefore require a high degree of food secufihe need for food to halve hunger is obvious
(target 2). However, also for reduction of the unfilee mortality rate (target 5) food security is a
prerequisite. Although diseases are mostly thectitause of child mortality, proper nutrition isrpa
of prevention Figure 3.1 shows the current statead security in the world.
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Prevalence of hunger:
percent of population
undernourished

< 5% [Low prevalence]

- Depth of hunger: number of kilocalaries
migsing from the diets of the undernourished

<200 200-300 > 300 TOTAL
[Low] [Moderate] [Highl

Number of countries, colour-caded by graup

.

5-19% [Moderate prevalence)
= 20% |High prevalencel 0 ".:3__i:!

TOTAL &9 &0

® (0] o 52
7

(29 @ 46

Figure 3.1The degree of food deprivation, 1996-€8i(ce: FAO, 2000)

Relative chronic famine is on the decline. Progtessever has slowed over the past several years,
and the absolute number of people suffering hurigereased between 1990 and 2002 (The
Millennium Development Goals Report, UN, 2005). Yethe worst-affected regions — sub-Saharan
Africa and Southern Asia — the number of peopldesinfy hunger has increased by tens of millions.
Most of the worlds hungry live in rural areas amgpend on the consumptions and sale of agricultural
products for both their income and their food. Hemgends to be concentrated among the landless or
among farmers whose plots are too small to profadéheir needs.

Figure 3.2 shows an increase in global food crEese the 1980s. Combining the two diagrams
indicates an absolute increase in food crises damgeroughts over the last 20 years.

Food emergencies by region

1984-1990
1991-1995
1994-2000
2001-2005

e |
B
g & 10 15 0 Fh 30 35
Awerage number of food emergencies

[ Sub-Zaharan Latin Amenica’
Africa Caribbzan

B Asia/Pacific m Mear East
Europa Worth Africa

sourea: FALD

Primary causes of food crises

198410917

1952- 2004

|
I 20 &0 40 a0 100
% ofcrises
Primary cause
B8 Human-inducad [mainky conflict)
9 Matural Imainky droughit]
Mixed
Sourm: R0

Figure 3.2 History of food emergencies by regiod #re primary causes of food crises.

Although the food security situation largely depemoh global agricultural markets and policies, the
threat of a changing climate with higher temperduhigher potential evapotranspiration and more
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frequent and longer droughts in these already wateginal areas adds to the bad prospects
especially in parts of Sub-Saharan Africa and Asia.

A recent study at the effects of average climatange on global food production shows a slight to
moderate (0 to 5%) negative impact on simulateddvenop yields, even with beneficial direct effects
of CO, and farm-level adaptations. This means that uadggowing world population, food insecurity
will increase (Fisher et al., 2002).

What is more concerning is that the impact of cteneghange on food security varies significantly by
region, and is likely to increase the disparitinscereal yields between developed and developing
countries (Parry et al, 2004). According to the @PR001), crop yields are projected to decrease in
most tropical and subtropical regions due to chamgéemperature and rainfall. Figure 3.3 shows the
climate change implications for rain-fed cerealsalsulated by Fisher et al (2002). As in Africa th
share of rain fed agriculture is relatively higbpfl security in this continent is particularly veitable

to climatic changes.

. l " n Y
M

Figure 3.3 Climate change implications for rain fegtreals (Had3-A1FI, 2080s) (Fisher et al, 2002)

However, not only average climate change will hare effect on food security; extremes and
especially droughts have an even more pronouncedtefVith severe drought events in row or
multiple years, consecutive droughts likely to @ase as a result of climate change at least inigert
regions, crop failure risk becomes higher, esplgcial rain fed agriculture.

The effect of floods on food security is less gfhdfiorward. On the one hand, river floods are
necessary in many regions to maintain soil feytiiy depositing fertile sediments. On the otherdhan
floods can have devastating effects on crop groladkn-lying coastal areas will have to deal with sea
level rise and storm levels. These may lead totabfieoding and salinization and render agricudtur
areas unproductive for a number of years. Riveod¥ocan devastate crops and wash away fertile
grounds.

The impact of tropical storms on food productiotingited to relatively small regions. The frequency
of severe damage is rather low and most of the tireedamage is only temporarily, unless the storm
is accompanied by a severe flood.
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3.3 Malaria

Malaria is one of the world’s most serious and clexpublic health problems. Forcing back the
prevalence and death rate of malaria is a diregetaunder the Millennium Development Goals
(target 8). However, also to reach other targetariaaneeds to decrease. Child mortality and matern
mortality (target 5 and 6) are directly influendeyl the occurrence of malaria, because these groups
are particularly susceptible to this disease (8pgrR003). In fact anaemia, resulting from malaisa
responsible for a quarter of maternal mortalityei®pg, 2003).

The global distribution of malaria prevalence itireated by Snow et al (2005). They estimated 515
million episodes of malaria in 2002. The highestama risk is in Sub-Saharan Africa, where most of
the area currently has an infection prevalence08 ®r more. Most areas on the Indian subcontinent
and in South East Asia have an infection prevalefidd % to 50% (Snow et al, 2005). Ninety percent
of the 1 million malaria deaths each year occigub Saharan Africa (UN, 2005).

Malaria has been identified as a disease mostylikel be affected by climate change

(WHO/WMO/UNEP, 2003). Countries that are at greatis& from malaria owing to climate change

are those at the fringes of its current distributiparticularly where malaria control programs have
broken down (e.g. in central Asia and Eastern Ee)opigure 3.4 shows the potential malaria
transmission changes for 2020 (Martens et al, 198@yvironmental conditions are already so
favourable for malaria transmission in tropical iéfn countries that climate change is unlikely to
affect overall mortality and morbidity rates in lypendemic lowland regions. The new vulnerable
areas are those where transmission is currentiyelinmainly by temperature in highland areas, such
as in East Africa.

The most recent modelling of climate change effectsnalaria indicates that the global population at
risk of malaria would increase by an extra 260-82(ion people in the 2080s (Martens et al., 1999).
These models also project a widespread increasieeiseasonal duration of transmission in current
and potential new areas.
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Figure 3.4 Potential malaria transmission changasthe 2020s due to climate change, compared to

the baseline(1961-1990), due to the HadCM3 clincange scenario (based on monthly mean
temperature and precipitation) (Martens et al., 229
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3.4 Drinking water supply and sanitation

Improve the access to clean drinking water andta#om is a target under the Millennium
Development Goals (target 10). Clean drinking watavever is also a prerequisite for the reduction
of the under-five mortality rate (target 5) and thaternal mortality rate (target 6), because clean
water is essential in the prevention of diseasesta&ninated water is the main cause of diarrhoda an
the occurrence of this disease is therefore direatlated to the access to improved water and
sanitation. The conservation of environmental resesl (target 9) also requires sufficient water
supplies.

According to the WHO/UNICEF (2000) rural populatsogenerally have a lower access level to both
water supply and sanitation than urban populatiom#frica, the rural water supply is lowest with
only 47% covered. Latin America has rural waterpygoverage of 62% and in Asia it is 75%. The
urban water supply coverage only varies from 85%Africa to 100% in Northern America and
Europe. For sanitation the rural coverage is loviesAAsia with 31%. Africa has rural sanitation
coverage of 45% and in Latin America it is 49%. Thban sanitation coverage varies between 78%
in Asia to 100% in Northern America.

The risk of poor quantity and quality of drinkingater and sanitation increases with more extreme
climatic conditions. The sensitivity with respeatitealth risks is mainly dependent on alternatares
coping potential available to people. A gradualrdase of available water due to climate change,
combined with an increase in population and wats per capita, in areas with already marginal
water resources, makes people more sensitive toefe®) events and shortfall of supply. In rich
countries emergency drinking water supply can lgamised (bottled water) and people can afford it.
In most developing countries this is not an optibherefore long term planning of drinking water
supply is necessary, taking into account the chnggsources and growing water demands but also
taking into account climate change and variability.

‘Western style’ sanitation is a large water consunghortage of water will have consequences for
transport and treatment possibilities of waste wdtading to environmental and health hazards.
Adaptation to changing conditions might include sideration of different sanitation options that
depend less on water supply (Bos et al, 2004).

3.5 Overall vulnerability of water resources: a globalpicture

Climate change is already underway and it is pgittiavelopment goals for food, health and drinking
water at risk. Water stress occurs where compatiftw water results in higher water demands as
compared to water availability. Although agricudius the dominant user of water, it is important to
note that water quality requirements are diffefflentall sectors and that the impact of shortages on
domestic use will be more critical than for agriaué (Kabat en van Schaik, 2003). Hot spots fdesris
of not meeting water demand for agriculture, induand domestic use are calculated by e.g. Alcamo
et al. (2002), figure 3.5. This analysis compareel ¢change in water withdrawals caused by socio-
economic changes, with the change in water avétiabcaused by long-term average changes in
precipitation and temperature due to climate chamge influence of extreme events is not accounted
for in this analysis.
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Withdrawal to availability ratio
(A2 scenario, 2020s, HadCM3)

: Systems Research,
0-02 02-04 University of Kassel,
no data November 2002- Water GAP 2.1D

[low water stress] [mid water stress] [severe water stress]

Figure 3.5 Water to availability ratio (water stregdex) in the 2020’s as a result of combinedcedfe
of climate change and socio-economical developiffdoamo et al., 2002)

Besides the geographical locations of areas urislerthe number of people involved is an important
aspect to look at. Parry et al (2001) estimatecatditional numbers of people at risk globally doe
climate change in the 2050’s and the 2080’s. Artisibn is made between risk of water shortagé, ris

of malaria, risk of hunger and risk of coastal dow (see figure 3.6).
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Additional millions of people at risk globally due to climate change

Hurger, | Hunger,
malaria, s N B Water malaria, e : B
flooding Millions at risk in 2050s shorage | flooding Millions at risk in 2080s
350 + e ; 3500 | 350 ' —
| |
i |
i |
300 + + 3000 300 + ! |
| |
‘ @
|
250 - 2500 | 250 + i .
| | AN 5
! AP g
2
200 + + 2000 200 + i p A -
-~ S | £
. . | H
P ’ I o
. ] e ! E
150 1500 | 150 o 3
‘A /4 F EEIRE £
100 + e 1000 | 100 - e off @ ol & S
28 |
| e i
| g 7 |
50 + Chd L 500 H
i
0 t——t+—+ 0 L L +
0 05 1 1.5 2 25 3 15 2 25 3

Global temperature increase (°C) Global temperature increase ('C)

Legend M Risk of water snortage | Risk of malaria I Risk of hunger I Risk of coastal fiooding

Curves indicate additional millions of people at risk for given increases in global temperature.
The width of the curves indicate one standard deviation around the mean, based on results from four HadCM2 experiments (2,3).
Solid lines indicate model-based estimates. Dotted lines are inferred (6) and intended as schematic.
Global temperature is relative to 1981-90 average. Vertical lines indicate the temperature increase for emissions scenarios with
CQ: concentrations that ultimately stabilise at specified levels.

Figure 3.6 Source: Parry et al. (2001)
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4 CLIMATE VULNERABILITY AND DEVELOPMENT: THE
AFRICAN CASE

In this section we use the African case to illustithat the increasing climatic hazards and asteutia
economic costs negatively affect the targets of dbentries towards the MDG's, and that these
negative impacts are currently not sufficientlyemknto account in the MDG agenda and in related
economic development plans.

4.1 Disaster risk and climate in Africa

High Mortality Risk |
Top 3 Deciles at Risk from:

! I Drrought Onhy |
[:] Hydro Only |

!

| I
| D Drought and Hydro || f

|

Figure 4.1 Regions with the highest global moryatitmbers for droughts, floods and cyclones
(World Bank, 2005)

Analysis on past disaster records shows that disastated mortality numbers (measured between
1980 and 2000) for hydro meteorological eventsfincA are amongst the highest in the world (figure
4.1).

This picture may get worse. Climate projections Adrica suggest that land areas may warm by as
much as 1.6°C over the Sahara and semi-arid padsuthern Africa by 2050. Equatorial countries
(Cameroon, Uganda, and Kenya) might be about 1winer. Sea-surface temperatures in the open
tropical oceans surrounding Africa will rise by dethan the global average (i.e., only about 0.6-
0.8°C); the coastal regions of the continent theeefwill warm more slowly than the continental
interior. In southern Africa and parts of the HaAfrica, rainfall is projected to decline by alio
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10% by 2050. All of these changes could increagedifought frequency. Changes in sea level of
about 25 cm might be expected by the year 2050¢IP®97; IPCC, 2001).

4.2 Impacts on development

Hydro-meteorological disasters impact on differagpects of development, as shown in chapter 2.
Impacts can be felt directly (for example trough thss of life, crops, livelihoods or infrastrucyr

but also indirectly (for example through the tramsif funds from development to humanitarian aid or
wider effects on economy and society) (DFID, 2005).

The economic impacts of disasters can put a hugst@n on economic growth. According to Pak
Sum Low (2005), 1993-2002 totals of economic logkesto disasters in this region derived from the
EM-DAT database were US$ 424 million for droughtsl damine, US$ 1109 million for floods and
US$ 841 for windstorms. Although these numbersnantelikely to be very accurate, they give some
idea of the size of economic impacts on the contiseleveloping countries.

Another, arguably more accurate estimates areablaifor Africa at country level. For example, the
government of Mozambique shows that the 1999/208@d$ slowed annual economic growth from
9% to 5.4% between 1999 and 2000 (table 4.1).

Table 4.1 Economic impacts of climate variabilityMozambique

Actual Projection
Before the After the
floods floods
1998 | 1999 | 2000/ 2001 2000 2001
Real GDP (ann. Growth rate) 12,0 9,0 7,0 7,2 54 7,9
Inflation (ann. Average, %) 0,6 2,0 6,6 5,0 9,5 5,0
External current account:
Before grants -205 | -31,7| -23,00 -157 -31,% -184
After grants -1,.4 -21,5 -16,3 91 -19,7 -11,0
Fiscal Balance:
Before grants -10,7 | -12,1| -12,2 -10,7 -16,0 -11,p
After grants -2,4 -1,2 -5,2 -4.4 -7,0 5,1
Memorandum:
(GDP (Mt billion) 46.134| 52.913| 60.177| 67.790| 61.471| 69.673

Source: Staff estimates, IMF and Government of Muzgue
Floods and droughts experienced in Kenya due fineatd variability associated with a sequence of

El-Nino and La Nina period 1997 — 2000 cost theneoay an average of 22% of GDP per year over a
2.5-year period. See table 4.2.
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Table 4.2 Economic impact of climate variabilitydenya

10/97-02/98 flood Infrastructure damage $2.39%
10/98-05/00 drought Crop loss $0.24b
Livestock loss $0.14b
Reduce. HP production $0.64b
Reduce. Industry. Productigris 1.39b
Total $2.41b
10/97-05/00 Cost of climate variability $48b
Approx. (annual) GDP ($9p/yN$ 22 b
Impact as % GDP/annum 22%

African natural heritage is a large seasonal andrsannual variability in rainfall. Most African
countries are mainly depending on rainfall for theater supply. The correlation between rainfall
variability and GDP growth is therefore strongsaswn for example in Zimbabwe and Ethiopia (see
figure 4.2). This correlation explains why the &A&h economies are to such a large extent vulnerable
to climatic extremes.
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Figure 4.2 Correlation between rainfall and econorgrowth for Zimbabwe (left) and Ethiopia (right)
(after D.Grey and World Bank)

In another analysis the historical (measured) keweélrainfall variability are used to estimate irofza
on future GDP growth rates for Ethiopia (figure }4.8Vhen historical levels of variability are
assumed, the average decline in average projedid? gsowth is 38%; in agricultural GDP growth
the decline is even estimated 40%.
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Figure 4.3 Impact of historical levels of varialbylion2003-2015 economic growth projections for
Ethiopia. (After D. Grey and World Bank)

Country progress reports on MDG'’s frequently nategpess on MDG's being affected by disasters.

Droughts in Tanzania and flooding in Mozambique @ted as part causes for continuing high levels
of rural poverty in these countries (DFID, 2005).
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5 IMPROVING THE COPING CAPACITY

Despite of mounting evidence about the impacts ¢hatate can have on development, coping with
the potential impact of extreme climatic events eronomic growth is not explicitly on the
development agenda. Climate risks are not takdrcmuttly into account in development programs to
achieve the MDG'’s like Poverty Reduction Strategy&s or Country Assistance Strategies. Also in
the Handbook for Integrated Water Resources ManagefiwWRM) (GWP, 2004), climate risks are
not mentioned. Ghezae (in preparation) reviewesrséMWRM plans and concludes that none of
those plans mention climate risks to be taken auwount. When searching through projects reports
(e.g. several WB project evaluations), climategiake often not mentioned at all and sustainalolity
the project is only interpreted as institutionahtiouity.
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Figure 4.4 Risk management cycle (Source: Swidispcotection)

In developing countries a structural disaster pmdwa therefore still remains relatively under-fexad

by donor countries, resulting in an unjustifiablee@mphasis on a post-disaster aid (only). For
example, six months before the Mozambique floodster of 2000, its government appealed to the
international community for $2.7 million dollar pyepare for the floods. It received less than balf
this amount. After the floods came, Mozambique iresze$100 million on emergency assistance and a
pledge of $450 million for recovery (Simms and R&@05).

Recent studies indicate that for every $1 spenpreparing for disasters, a further $7 is savedé t
cost of recovering from it (Simms and Reid, 200bherefore, a lot of money can be saved by
adequately taking disaster risks into account wilanning development.
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In terms of risk management cycle (Fig. 4.4), thaauld imply a partial shift in attention in the ebf
chain concept (figure 4.4) from response to prajress.

As shown in this document, economies in many Africauntries are much tied to rainfall variability
and are for that reason very dependent on clinfedebe able to meet the MDG's, it is therefore
essential to de-link rainfall from economic growtln high-income countries like the Netherlands,
billions of dollars are spent in reducing disastgks and adapting to climate (for example Kabatlet
2005). These countries have invested in water strinaturé® and increased their storage capacity to
be able to buffer climatic shocks (figure 4.5). Wfastorage is a coping strategy for variability and
should be increased to be able to meet the MDG's.
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Figure 4.5 Water storage per person in developing developed countries (World Bank)

9 Water infrastructure can be either man-made (dartes:basin transfers, irrigation, water supply.eor

natural (watersheds, lakes, aquifers, wetland} (€tleeme document Water for Growth and Development)
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