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Acronym Definition

CRU Climate Research Unit
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FAO Foodand Agricultural Organization of the United Nations
GDP Gross Domestic Product

GNI Gross National Income

GoU Government of Uganda
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MCM/y Millions of cubic meters pegrear

MWE Ministry of Water and Environment
NCCP National Climate Change Policy
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NPV Net Present Value

PPP Purchasing Power Parity

SSP Socioeconomic Scenarios

RCC Reinforced Cement Concrete

RCP Represatative Concentration Pathways
UsS CPI United States Consumer Price Index
VSL Value of a Statistical Life

WEAP Water Evaluation and Planning
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Climate changend variability are already affectintpe availability of water in Ugandand thisis expected to
increase over time. e main economisectors directly affected by water supply and variability are agriculture
and livestock, fisheries, aquaculture, forestry and tourism. Complementary sectors include lake transport and
energy production social sectors that are impacted are health and nutrition and water and sanitation.

In this report an estimate is made of water demand by sector (agriculture, households and industry) in each of
the eight watersheds in the countiy 2030 and 2050 Thisis compared with the supply likely to be available.
From the two an estimate is arrived at of the unmet demand, now and in the future under given climate
scenarios. This unmet demand (part of which arises from climatic factors and part from socioeconomic
changes) is then valued monetary terms In addition to looking athanges in average conditionthe report

also analyses the situation in the case of a drought and how that would translate into losses in the future.

The basic tool that has been ustwlundertake the analysis ih¢ Water Evaluation and Planning tool (WEAP)
Thismatcheswater supplies and competing demands, attais assessesthe upstreanydownstream links for
different management options in terms of their resulting water sufficiepnagpd unmet demands, costs, and
benefits. The model has been calibrated to reproduce water runoff in each of the watersheds and the resulting
fit provides a basis for making projections into the future.

Estimates have been made of water demand by sectoufeholds, industry, livestock and agriculture) for each

of the watersheds from 1982010. During this period average availability was sufficient in most months to
meet supply although there were some periods when unmet dem@athed up td% of total denand, which

is reasonabléout significant In the future, however, projections are for a much greater level of demand and
some potential reductions in supply. Total demand is expected to increase from 408 million cubic meters a year
(MCMly) in 2010 to 3¢8 MCM/y in 2050. Total unmet demand will then rise from 3.7 MCM/y to 1,651 MCM/y
in this period. In most months water shortages will be enormdéiughould be noted thathese results are based

on the assumption that no additional investments in the watsector would take place, other than those
already planned foin current investment plansThe rationale behind this assumption is that this exercise
assesses the economic impacts of climate change on the basis of the current situation and develofansnt p

It does not include development and adaptation investments which, although very likely, are uncertain at this
stage# 1 1 OANOAT 61 U OEA 1 01 AAROO bOi OEAAA OAEI AAO A OAOOE]
current government investment ples are actually implementedln reality, expanding demand will be
combined with various investments such as pumping schemes, canal infrastructure, etc.

The unmet demand has been valued in money terms based on methods that are widely used in thighBsiel.
methods elicit the willingness to pay of different water users (households, farmers, industry representatives)
for additional amounts of water by usingpntingent valuation, a welfare based valuation technigoeolving
guestionnaires developed followg careful protocols on research in this ar@aerall, the expected cost in 2050

is anticipated to be of the order of 14,558 billion shilling$$.5 billion). This is a conservative estimatel

the figure could be as much as ten times higher if incaffects on willingness to pay are taken into account.
Domestic consumption is likely to be impacted in three watersheds: Lake Victoria, Aswa and Kidepo. The
largest overall economic losses are anticipated to be in the Lake Victoria, Albert Nile andKyalg
watersheds. These values underline the need for further investment in the water supply infrastructure in
Uganda. With or without climatehange the economic losses are of a significant magnitude.

In addition to unmet demand under average conditiah® report has also looked at droughts. Past extreme
events of water shortagedve had major impacts, with two droughts in the past decade (in 20@Hd 20160
11) resuing in losses ofJS$50 million andJS$L174 million respectivelyEach drought lastabout 3 years
representing an average annual damage per drought event in the last decdd8®87 million.
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Adaptation measures to deal with these serious problems include those that improve efficiency on the demand

side, those that improve water storagend increase availability and those that reduce losses from extreme

AOAT O0Os 4EA OAPT OO EAO 11TTEAA AO OEA Al ORefiond £ POI DI
Climate Change Policgosted Implementation Strategy and compared them to the pote@hbenefits in terms

of reducing unmet demand or in reducing losses from droughts. Three programmes, which account for 92% of

OEA "1 OAOT I AT 660 OOOAOAC Uitem A dnAhe A@tad IBplekdntation St AT | A
focuses on improvements inater use efficiency, ProgrammB (item 2) addresses water supply issues for

agriculture and industry and Programmg(i@m 4)sets up an Integrated Water Resources Management system

that would help reduce losses from droughts and floods.

The results indiate that even with a very small impact on reducing unmet demand the two programmes that
deal with this problem (items 1 and 2 in the Costed Implementation Strategy) and that were assessed
guantitatively would generate a rate of return of 10%. The sanmiapto measures that would tackle drought
through Integrated Water Resource Management (item 4).

The implications of such a preliminary analysis show the benefits of action to adapt in the water sector to be
very high justifying- in economic terms further investments. The analysis, however, is preliminary and highly
aggregated and needs more work, to link the individual programmes to reductions in damages. Talbldnizl
report summarises all the actions that have been identifiedtbg Governmentof Uganda as necessafgr
adaptation and our assessment in terms of net benefits, the timing of these actions and other issues such as
critical decision points in implementing them. In addition to the three programmes evaluated in terms of costs
and berefits the following can be said about tligher actions identified
a. &O00O0OEAO x1 OE EO 1 AAAA PmotlandAsirebgihen #He icansetvakionCandQd OO0
protection against degradation of watersheds, water catchment areas, river banks and water bodies
AT A #1 1 bl Imgkdvedandisttengthén transboundary cooperation regarding water resources
managemend 8
b. #1 1 BT 1 Ahdlre that all Guidelines for infrastructure/ hydraulic works (i.e., water for production,
piped water supply schemes and conditiogadnts guidelines for support to point sources protection)
mainstream climate chand 6 AT A # 1 iSéppoart Astithtioralgand@uman capacity building in
water resource use, development and management AOA 117 0 Al AT AAT A O1 A AAT
but they are nevertheless of great importance and should be paanadaptation planfor immediate
implementation .
c. #1 1 BT 1 AStrédgthemjwat®r resource monitoring networks and flood warning systtmseE AO A A A1
shown to have high benefits to costs in othéndies and should also be given high priority.

Further work on adaptation in the sector requires detailed data at the local level. Some such data should be
available from the case stydo be carried oufn the Mpanga river catchment, whidindingswill add to this

report. Among the measures that can be analysedme areon the demand side and sonage on the supply

side.

Demand side managemerdptions include:

Water pricing

Permits for abstraction for irrigation

Permits for abstraction for othepurposes

Leak reduction

1 Improved regulation/control of illegal connections

=A =4 =4 =4

Supply side options include:

1 Increased storage or supply capacity through improved infrastructure
1 Rural areas: Development of groundwater wells
1 Rural areas: Shifting from surface teato deep bore wells

iv .
0®
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1 Increase in rainwater harvesting structures

These optionswill be looked into more details in the mentioned casteidy.
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1. INTRODUCTION

Climate changeand variability are already affectinpe availability of water in Ugandand this is expected to
increase over time. In recent years the country has be subjectéidetha Nifia drought event of 1998000
and the EIl NifiesSouthern Oscillation (ENSO) wet phase and floods event of I9®B, both of which caused
considerable losand disruption.

The sources of the effectiiclude changes in precipitation patternsincreased frequency of floods and

droughts, andchanges inevaporation due to higher temperatures. All of these affect the amount of water

available, both directly anthrough itsimpacts on infrastructure related to wateft the same time the country

is facing major scioeconomic changegspeciallypopulation growth and increasing incomethat is resulting

in anincreased demand for water ithe country. Since watelis a key base for almost all human activity the

AT 1T OANOAT ARG 1T £# OEAOA AEAT CAO AOA OAOU OEcCT EEZEAAT O OE
Water Adaptation StrategyReport (GoU, 2011) notes the main econosectors that are directly affeted by

water supply and variability are agriculture and livestock, fisheries and aquaculture, forestry and tourism.
Complementary sectors include lake transport and energy productiBotial sectors that are impactedclude

health and nutrition and wadr and sanitation.

This report does not attempt to model the complex linkages between water availability and economic activity

in the various sectors. That would require more resources and time than was available for the assignment.
Instead what has beenndertaken is an estimate of water demand by sector (agriculture, households and
industry) in each watershed. This is compared with the supply that is likely to be available and from the two an
estimate is arrived at of the unmet demand, now and in thife under given climate scenarios. This unmet

demand (part of which arises from climatic factors and part from socioeconomic changes) is then walued
monetary terms3 YT AAAEOGEITT O 11T EETC AO O1 1 Olthelsifuatidnil T AEOET
in the case of a drought and how that would translate into losses in the future.

These estimates provide the basic information fbe assessment daflifferent policies and measures that can

reduce the unmet demand and address drought coradi. A number of these have been identified in the

Ci OAOT 1 A1 660 AAADOAOGET 1T OOOAOACU AT A ET OEA #1 O0AA )i
report does not provide an indication of how much of the gap is reduced by particular measutes® a full

cost benefit assessment cannot be carried out. Nevertheless an attempt is made to relate the measures to the
benefits of reducing unmet demand and to provide a partial assessment of the rates of return that the measures

would give at differenlevels of efficiency. Further information on adaptation options will come from the case

studies that are yet to be carried out.

The report is structured as follow&ection 2 presents the current water supply and demand situation in
Uganda. Sectiol3gives an overview of the methodology employed. Sectibdiscusses the scenarios used in
the analysis. Sectiofl develops the modelling framework. Sectigpresents evidence on the climate change
impacts and Setion 7 discusses the allocation rules for water in Uganda. Sed@ipnesents estimates of the
unmet demand by user type, with Secti@discussing the methods to value these impacts. Secti@presents
the estimated economic losses. Sectitfipresents a case study of the costs of an extreme eg¢hée drought

in 20102011. Sectiorl2 gives an overview of adaptation options in the water sector, and finally Sedt®n
presents the conclusions.

This report was written by Tim Taylor and Anil Markandya of Metroeconomica, Peter Droogers of Future Water
and Albert Rugumayo. We gratefulpcknowledge the helpful comments and suggestions provided on initial
results by Government of Uganda officials and others during the mission to Uganda in September 2014.
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2. QURRENTWATERDEMAND AND
SUPPLY

2.1. General Overview of Water Issues

Ugandd is a landlaked country located at the equator. The total population of the country is estimatéd &

million, of which 88 percenis rural. The annual population growth rate is 2.8 percent. The national average
population density is 88 inhabitants/kn? (Source: Wrld Bank). About 54 percent of the population is
concentrated on the shores of Lake Victoria and in the southern part of the country. Uganda has a total area of
241,040 ki, a northsouth extent of about 650 km and a maximum eagst extent of about 50&m. Much

of the country lies at an altitude of 900 to 1,500 m, with an average altitude of 1,200 m. About 18 percent of the
total area of the country is open water, and large areas are covered by swamps. The highest mountains of the
country are Mount Stardy, 5,109 mat the border with the Democratic Republic of Congo followed by Mount
Elgon, 4,321 nat the border with Kenya.

Uganda has an equatorial climate with small regional variations in annual temperature and humidity.
Precipitation varies from 750 m/yr in the Karamajong pastoral areas in the northeast to 1,500 mm/yr in the
high rainfall areas on the shores of Lake Victoria, around the highlands of Mount Elgon in the east, the
Ruwenzori Mountains in the southwest, Masindi in the west and Gulu imtnth. Mean annual rainfall is
estimated at 1,180 mm. The southern part of the country is generally-wmetéred with two rainfall peaks
occurring in MarckiMay and AugustNovember without any pronounced dry season in between, whereas in the
north there isa marked dry season from November to Marétigurel shows the main rivers in the country.
Figure2 & Figure3indicate the temporal and spatial variation in rainfall.

Seasonal and spatial variability of precipitation causes specific problesnthe country encompasses both
humid and semiarid areas. There are not only differences between distinct wet and dry years, but there are
also considerable variations in the timing of the onset of seasons and in the amount of rainfall and hence stream
flow. Even in the high rainfall areas around Lake Victoria there is a moisture deficit during the periods
DecemberFebruary and Jun&eptember. The mean annual temperature over most of the country is in the
range of 18 °C to 35 °C and the mean monthly evapon rates are between 125 and 200 mm.

#1 EIl AOA AEAT CA EO A bi OAT OEAl OEOAAO -édnonmiceadivitidss OT OOU

depending on those freshwater resources. While the general warming trend of the global climate, prduolcted

all global circulation models would lead to an increase in the evaporation rate, its possible impact on rainfall on
the equatorial plateau is not yet completely understood. The latest projections made as part of this project
indicatethat there may be &light decrease in annual precipitation. However climate change is expected to
increase climatic variability by shifting and intensifying extremes, which could lead to more severe drought and
flood events. For this too, however, there are no firm predats.

1Summarized from FAOs AquaStat

OQu
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Figure 1. Overview of main rivers in Uganda.

FAO - AQUASTAT, 2005 UGANDA Disclaimer
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Figure 2. Typical example of precipitation variation within Uganda: Kampala (top) and Moroto (bottom)
in the North-East of the country.
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Figure 3. Annual precipitation across Uganda.

Central

Source: CRU CL2.0 (New et al., 2000)
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2.2. Water Supply and Demand

As noted average precipitation in Uganda is 1180 mm/yr; which totals to about 288ykrver the entire
country. Most of this rainfall is evaporated addesnot enter streams or deep groundwater. Internal surface
water resources are therefore only a fraction of the total precipitation and are estimated to be 3¢ kwhile
groundwateris believed to be around 29 Kgr. Since this groundwater is considered to be overlapping with
surface water, the totalnternal Renewable Water Resourc@RWR) are estimated to be 39 Kyr (Tablel
External water resources of 27 Riyr comprise inflow from Lake Victoria (25 Riyr) as well as inflow via Lake
Edward and Lake Albert from the Democratic Republic of Congo. The total rellewsater resources of the
country are estimated to be 66 kityr. (Source: AquaStat)

Total water withdrawal of the country was 300 millior?im 2002, representing 0.4 percent of total renewable
water resources. The greatest water user was the domestitosagith 134 million iy followed by irrigation
and livestock witi.20 million nd, and industry with 46 million A{Table2 andFigure4).

The main hydropower facility is thidaluballe Power station (formeri@wen Falls Darlocated at the outlet of
Lake Victoria. Completed in 1954, it$an installed hydropower capacity of 180 MWhe Kiira plant has an
installed capacity of 200MWILhe construction of the 250 MW Bujagali hydropower plant near Jinja, about 8 km
north of Lake Victoriawas completed in 2012ts reservoithasa capacity of 750 000 inOther projected
schemes locatedlong the Nile downstream of Owen Falls incluithe Isimba power station (183MW) now
under construction (planned to enter in operation in 2018) and the plamyedo 600 MW) andKaruma(600
MW) projects.

Table 1. Renewable water resources in UgandéSource: Aquastat

Renewable water resources

Average precipitation 1180 mm/yr
2844 10° milyr

Intemal renewable water resources 39 10% m¥/yr

Total actual renewable water resources 66 10° m3lyr

Dependency ratio 409 %

Total actual renewable water resources per inhabitant 2004 2472 m3/yr

Total dam capacity 2002 1 108 m

Table 2. Water withdrawal in Uganda.Source: Aquastat

Water withdrawal
Total water withdrawal 2002 300 10% m3/yr
- imgation + livestock 2002 120 105 m3yr
- municipalities 2000 134 108 m3/yr
- industrial 2000 46 105 mé/yr
» per inhabitant 2002 12 m/yr
Surface water and groundwater withdrawal 2002 300 105 m3/yr
« as % oftotal actual renewable water resources 2000 05 %
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Figure 4: Quantity of water withdrawal in Uganda in 2002 (millionm3)
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3. METHODOLOGY

An overview of the methodology employed is givenkigure5. We follow the standard approach of first
estimating the physical impacts of climate change and thercislg monetary values on these impacts using
appropriate existing literature. Thé&/ater Evaluation and Plannif@VEAP) model takes existing water sources
and estimates of supply by watershed. It takes the information on demand by sector and watershed and
compares the two. Where deficits are found the model takes an allocation rule (based on government advice)
and applies it to estimate the deficit by sectdthis is discussed in Secti@n The economic component of the
model then values the resulting deficits.

One complication for water is the significant impact that socioeconomic change will have on water demand
and hence on future water shortageSocioeconomiachange will significantly increase water demands, and
given that the modelling used in this chapter balances demand and sufigly difficult to disentangle the
impact of each. As such weave not attempted to separate the signal for climate change from that for
socioeconomic change i.e. in this report we consider the adaptation deficit alongside the climate change
impact.
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Figure 5. Overview of methodology
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4. BASELINESCENARIOS

Before going into the details of the estimates it is essential to lay out the forecasGrfiss Domestic Product

(GDPB and the climate scenarios that underlie the forecasts. The results presented here combine two
Socioeconomic Scenas, or Shared SocikEtconomic Pathways(SSP), as defined by IPCC, with two
Representative Concentration Pathways (RCP), also defined by IPCC. The SSP scenarioacissethe

wider study of which this report forms paate SSP1 and SSP5 and are desctias follows

SSPIAOGOOI AO OEAOY OOAI AGEOGAI U G¢iTA POI COAOO EO i1 AAA
development goals, while reducing resource intensity and fossil fuel dependency. There is rapid development
of low-income countrés, a reduction of inequality (globally and within economies), rapid technology
development, and a high level of awareness regarding environmental degradation. The world is characterized
by an open, globalized economy, with relatively rapid technologiéalici CA 8 6

SSP5stresses conventional development oriented toward economic growth as the solution to social and
economic problems through the pursuit of enlightened sielferest. The preference for rapid conventional

2 Further details of the projections are availalilem https://secure.iiasa.ac.at/web
apps/ene/SspDb/dsd?Action=htmlpage&page=series. When you get to the site you need to log in as a guest.

! @
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development leads to an energy system dorated by fossil fuels, resulting in high GHG emissions and
challenges to mitigation.

The corresponding GDP estimates for Uganda are giverainie3.

The RCP pathways chosen for the climate assessment are RCP4.5 and RCP8.5. RCP 4.5 is associated with a +4.5
wm¥ OAAEAOEOA A1 OAEI C j €EYYQ DPDPI #/WwqQ EI WXod8 2#0 A8
associated with a +8.5 W4 radiatve foAET ¢ j EXWR1T HbPI #/ wq ET wWXood8 &OOOE
can be found in Baastel Consortium (2014b). The national temperature and precipitation for Uganda are given

in that report and the relevant sections for this analysis are reproduced beddwlale4.

In this analysis SSP1 has been combined with RCP4.5 and SSP5 with RCP8.5. Although the two are not proven
to go together there is a strong presumption th&SP1 is consistent with the more climate friendly RCP and
SSP5 is consistent with the less climate friendly RCP.

Table 3. GDP Projections for Uganda to 2050S$2005 Billion

Year 2010 2015 202(Q 2025 203(@ 2035 2040 2045 205(
SSP1 38.4 50.4 71.] 105.1 159.6 243.7 366.9 540.3 776.]
Growth % p.al 5.7% 7.0% 8.1% 8.7% 8.8% 8.5 8.1% 7.59
SSP5 38.4 50.4 71.3 108.2 173.3 281.4 445.1 681.1] 1009.4
5.7% 7.19 8.7% 9.9%  10.29 9.6% 8.9% 8.29

Source: OECD, taken from IIASA

Table 4. Comparison of results under the RCP 4.5 and RCP 8.5 concentration pathways for Uganda

Parameter RCP 4.5 RCP 8.5

Annual In +50 yearsto present +1.5°C to +2°C in ost

continental parts olJganda In +50 yeargo present +2°C to +3C in most continental
temperature

parts of Uganda

changesfrom i
the median Itjlgf:dgc-aarsfrom present +2C to +2.3Cin most of In +80 years from present4°C to 5°C in most of Uganda

Annual In both +50and +80 years-5 mm (mostly in the
rainfall northern half) to-10mm per month (mostly in the
changes from southern half). Up to-70mm per month over lake
the median Victoria.

In both +50 and +80 yeard Omm to-20mm (mostly in the
northern half) to-30mm per month (mostly in the south)
Over-100mm per month over lake Victoria

Source: Rautenbach, 2014
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5. MODELLINGFRAMEWORK

5.1. WEAPoverview

In this analysis, we use the WEAP modéle Water Evaluation and Planning tool (WEAP) has been developed

to meet this need. It uses the basic priple of water balance accounting: total inflows equal total outflows, net

of any change in storage (in reservoirs, aquifers and soil). WEAP represents a particular water system, with its
main supply and demand nodes and the links between them, both nuwrallyiand graphically.

The WEAP model was populated by data from Ugarideze most relevant data sources are:

1 Water demand: originating from data documented by the Ministry Water and Environment,
Directorate of Water Resources Management (MWE, 2013).

1 Precipitation is obtained from the Climate Research Unit (CRU) data set over the perioc20260

1 Runoff coefficients were used as presented by MWE, 2013.

Some limited tests of model performance were conduttehich suggest the model performs fairly welhese

tests are based around simulated and observed runoff and are discussleel Annex to this reportHowever,

it should be noted that full calibration and validation of the model was beyond the scope of this project. Further
detail on the WEAP modalet up is given in thannex

6. CLIMATECHANGEIMPACTS

This Chapter presestan analysis of the impact of climate change and semionomic development on the

water resources in Uganda. First the current water demand, supply and shorsagasalyzed followed by

future changes. The third section will explore some potential adaptation strategies. All analysis has been done
using the WEAPhodellingframework as discussed in the previous Chapter.

6.1. Current water demand, supply and
shortages

The WEAP modéng framework as introduced in the previous Chapter is used to aaalyrrent and recent
historic water demand, supply and shortages. For this a period of 30 years2098) has been used to ensure
that annual variability will be included in the anak/sMoreover, the model was setup on a monthly isas
ensure that withinyear variations can be captured as well.

The most important results can be summarizedfalfows:

1 Total water demand in the country is 408illion cubic metres per yealICM/y);Water demand is
highest in the Laké&Kyogaand Lake Victoria watershed&igure6);
1 Water demand per sector differs for each watershed substantially

° o
o®
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1 Total unmet demand isn average 3.7 MCM/y. Maximum unmet demand in one particular year was as
high as 19.9 MCMAF{gure?);

1 In most months sufficient water can be delivered but theredaeen periods when supply met as little
as 50% or 75% of demaiffiable5 and Figure7). Note these do not consider loss, reuse and demand
side management (DSM).

1 The figures in the giehs are averages for the reference period (1:2810)

Figure6: Total annual demand for the eight watersheds (top) and pesector for Lake Victoria (bottom-
left) and Lake Kyoga (bottomright).
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Figure 7: Unmet demand (water shortage) for the eight watersheds as total per year (top) and monthly
average coverage (bottom) for the period 19812010 ascalculated using WEAP.

Unmet Demand
Scenario: A_Reference, All months (12)
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Table5: Coverage of water demand per month. Results show number of months (out of 360) when water
demand is not covered for 99%, 90%, 75% and 50% for the reference period (198110).

Lake Victoria 11 10 6 2
Lake Kyoga 3 3 1 1
Victoria Nile 2 2 1 0
Lake Edward 0 0 0 0
Lake Albert 1 1 1 0
Aswa 13 13 10 9
Albert Nile 27 22 21 10
Kidepo 13 13 10 9
11 o
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Figure8. Unmet demand (water shortage) for the eight watersheds plotted as percent of time exceeded
per year for the period 19812010.
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6.2. Future water demand, supply and
shortages

6.2.1. Setup

Future water resources will be influenced by:c(iinate change as well as (ii) so@oonomic developments.
Climate change projections can be obtained from various sources preliminary based on the"lB&EESment

report and the associated CMIP5 database covering output of the major GCMs. It istamiptr note that

instead of having one climate projection the IPCC defined a set of most likely scenarios (pathways) based on
expected changes in greenhouse gas emission. The four Representative Concentration Pathways (RCPs) are
RCP2.6, RCP4.5, RCP6, &@P8.5, are named after a possible range of radiative forcing values in the year
2100 relative to préndustrial values (+2.6, +4.5, +6.0, and +8.5 W/m2, respectivBlgyvnscaled projections

for Uganda for RCP4.5 and RCP8.5 were givarabie4.

A detailed discussion on soeazonomic development and the impact on water resources are provided in the
study described in the 2013 report National Water Resources Assessment (MWE, 2013). Results of this study
are summarized iTable6 to Table9, indicating that especially water demasd by the irrigation sector will
increase subtantially. Total water demand will increase from 414 MCM/year to 2,222 MCM/y, an increase of
over 400% in a period of 20 years (2009 to 2030). These numbers are used to derive total water demands as well
as demands by sector in 2050 by assuming that tiead from current to 2030 will continu&.able 9shows

these projected water demands in 2050, indicating that total demand will increase from 414 MCM/y to 4,030
MCM/yin that year, almost a Xfbld increase.

12.
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The @ove changes in water demands should be considered in terms of potential changes in water resources.
Water resources are a function of two major processes: changes in precipitation (total and extremes), and
changes in evaporation due to higher temperatures. These two main changes should be considered in the
context of the highly nofinear processes in hydrology (e.g. a change of 10% in rainfall will often lead to a
substantial higher change in runoff). To evala those changes in a proper way a sophisticated hydrological
model is recommended to provide most accurate results. In the context of this study we use a proxy of these
complex processes by changing the monthly rainfall and the runoff coefficients inWE&AP modelling
framework.

Sources of the exact impact of climate change on water resources are somewhat scarce. The 2013 report
National Water Resources Assessment (MWE, 2013) states that an increase in annual rairfa0%f diring

the 21st century ad a change in the seasonal distribution of rainfall can be expected. Rainfall is projected to
increase from December to February and decrease from June to August. The major impact of climate change
is an increase in the frequency of intense rainfall evesssilting from increased water vapor in the atmosphere,

as a consequence of higher evaporation rates over the oceans. Rising temperatures will particularly affect the
semiarid areas because deficits in atmospheric moisture vapor pressure at the plabetangary layer cannot

be met by water stored in the soil. This will change conditions in the drier reattiern and soutfwestern

areas but are of less concern around Lake Victoria. However, in contradiction to this, the same report also
assumed that inérnal renewable water resources will remain the same (Tai#ér-8BMWE, 20183

Probably the most accurate and ttp-date information on changes in water supply can be obtained from
Water2Invest Figurel10). This project, funded by the European Commission through its Clirfd@initiative,
provides a global overview of water supply and demand till the end of this century based on advanced
hydrological and water resourcesodelling. Results are based on dgses using advanced models running at
daily and monthly timescales and covering a broad set of climate (RCPs) and-sgoilmomic projections
(SSPs). Uganda is covered by threecadled Water Provinces and the monthly changes in InteResdewable
Water Resources are shown irablel0andFigurell The big advantage of using thiesults of Water2Invest
isthat not onlyarechanges in rainfall considered, but also changes in evaporation and therefore runoff.

Other sources of information, although often based on the outdated IPCC projections, are (amongst some
others):

1 World BankClimate Change Knowledge Portal

I The Nature Conservancy Climate Change Knowledge Portal
T WeADAPT

1 UNDP Climate Change Country Profiles

The WEARmModelling framework has been expanded by including above informatiorat@alysechanges in
water demand, supply and shortages. In summary, the model has been expanded by:

1 Changing the water demand aording to the numbers as shown Trable9.
1 Changing the water supply according the Water2Invest numbers by altering the runoff numbers
according toTable10.

13.
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Figure 9. Global average surface temperature change

Table 6. The current (2009) water demand (MCH{) in each basin in Uganda. IRWR = Internal renewable
water resources, El = exploitationindex (= demand/IRWR)*100.

Table 7. The projected (2030) water demand (MCMy) in each basin in Uganda. IRWR = Internal renewable
water resources, El = exploitation index (= demand/IRWR)*100.

Table 8. Changes (in %) between current (2009) and projectéd030) water demand (MCMy) in each
basin in Uganda.Note: N/A means no percentage could be calculated as current demand was 0.

14.








































































