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Introduction

Effective water resources management is a pillar of sustainable development and
coping with climatic risks. Systemic reliance across key market and naonarket
sectors underscores the economic importance of safe and reliable water
supplies. Highly uncertain regional manifestations of humaimnduced climate
change require robust measures to achieve climate resilient development goals.
The following study explores three methods for assessing climate change
adaptation costs in the Kenyan wier sector. Methods include an partial
investment flows and financial flows (IF&FF, UNDP) analysis, adaptation
signatures (SEI) and an illustrative basidevel case study for costing integrated
adaptation strategies (WEAP, SEI). Results of the methodserer compared,

along with highly aggregated macroeconomic estimates. Together these
comprise multiple evidence lines for assessing indicative costs of climate
AAAPOAOGETT ET +ATUAG6O xAOAO OAAOI 08

Conceptual framing and attribution issues

The attribution of anthropogenic climate forcing to present and future impacts at
the national or sub-national level is a highly uncertain science. Apart from
impacts related to sea level rise and temperature changes (e.g. average, diurnal),
probabilistic predictions of altered precipitation and seasonal regimes are

beyond the capacity of current global climate models (GCMs). While model
projectionsbased on reference emissions scenarios remain the primary source of
information about future climates, their outputs can & misleading in current
contexts dominated by natural climate variability and management regimes.

Extreme uncertainty associated with modebased impact approaches to
adaptation planning calls for an alternative conceptual framework. One such
framework is focused around actual and intended development pathways, and
exposure, sensitivity and adaptive capacity to current climate risks. Hence, the
starting point for this framework is current development and adaptation needs,
rather than vulnerability assessments based on projected impacts. Identified

AAADOAOEI 1T OOOAOACEAO EAAAIT U pPAoOA& Of Ol

of scenario futures, resulting in few or neregrets that do not limit future
management options and offer development cbenefits.



However, the challenge of attribution remains prominent among methodologies
which present and projected future development and adaptation financing needs
overlap. The complexity of these overlaps demonstrates a need fprocess

based rather thanoptimization approaches to adaptation, with emphasis on
adaptive management systems, learning by doing and knowledge sharing. In this
regard, the significance of institutional capacity and possibly transformation is
evident as climate change impacts manifest over time and development
investments become sources of adaptatiobenefitsor liabilities. At present, the
latter distinctions are extremely tenuous and unreliable forshaping current
planning horizons. Therefore, increasing adaptive capacity within present
development and climate adaptation contexts appears to be the most robust
conceptual framework for strategic adaptation investment decisions.

Future investment needs
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Figure 1: Schematic of present and future development and climate adaptation
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Deep uncertainty for water sector planning

At the global level, uncertain socieeconomic developmat pathways and climate
system responses to related forcing makes attribution and planning for future
climate change extremely difficult. In the Kenyan context, this is compounded by
other deeply uncertain biophysical and socioeconomic parameterd éble 1).

Table 1: Uncertain parameters
Biophysical:

1 Climate variability and change

9 Natural water resource fluctuations

9 Current resource endowment

1 Ecosystem demand
Socioeconomic:
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1 Population growth and geographic
distribution

1 Sectoraldemandand end use

efficiency

Global market forces

Future supply development

Waste collection, disposal, and

treatment development

= =4 =4

For example, the substantial uncertainty in projected precipitation anomalies

against present averages for the period of 2042065 is illustrated in Figure 2
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Figure 2. Projected changes in monthly precipitation anomalies across 9 GCM

models for the period of 20452065, statistically downscaled to Nairobi, Meru,
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Climate Change Explore(CCE)tool, Climate Systems Analysis Group and SEl,

20009.

Furthermore, a history of poor resource management in the Kenyan water sector
has led to deficits in present knowlelge and capacity that exacerbate future
uncertainty. A lack of comprehensive resource accounting, monitoring, and
regulation has resulted in excessive demand, frequent supply shortages and
unaccounted for supply losses that are 50% or greater in many urbaand rural
piped water distribution systems (NWDR, 2006).



Deep wncertainty surrounding the present andfuture values and interaction of
these and othervariables creates a challenge fowater resource manayers. This
presents a need to bolster adaptivenanagementsystems and decisioamaking
that is robust against an envelope ofincertain scenario futures For instance, a
scenario ofnegative precipitation anomalieshigh population growth and low

end use efficiency among sectemay continue to exhausurban and rural water
supplies in arid and semiarid lands. While it is beyond the scope of this study to
conduct such integrated scenario analysis at the countigvel, this approach is
illustrated in a case study of adaptation interventions in the TanRiver Basin.

Adaptation economics methods

Three primary methods were used to explore the costs of adaptation to climatic
risks for the Kenyan water sector. These include Investment and Financial Flows
(I&FF) and Adaptation Signatures analyses at thaational scale, and scenario
based modeling of adaptation costs in the Tana River Basihgble 2).

Table 2: Adaptation economics assessment methods used

Costing method Description Scale Developer
Investment and Nationally aggregded National-aggregated UNDP
financial flows assessment of changing

(I&FF) investments needs from climate
adaptation or mitigation
Adaptation Disaggregated national National- SEI
signatures assessment of project and disaggregated by
program-level adaptation Kenyan Water
Services Bard (WSBs)
Water Evaluation Stylized scenariebased costing Tana River Basin SEI
And Planning of Integrated Water Resource
(WEAP) Scenario- Management (IWRM)
based model adaptation

In line with the overall conceptual framework, present developmenand
adaptation needs were the basis of analysis. Results are very preliminary and
only indicative of actual costs of adapting to future climate change. In addition, it
is worth emphasizing that the methods are not mutually exclusive and can be
combined to suit specific analyses. For example, use of scenabased modeling
technigues such as WEAP are recommended in I&FF guidelines. Each of the
methods is described below.

Investment and Financial Flows (I&FF)



Developed by the United Nations DevelopmérProgramme (UNDP), this
methodology was designed to assist developing countries in examining their
Investment and Financial Flows (IF&FF) for addressing climate change. The
overall aim of the exercise is to build capacity among country planners to assess
changes in investments in physical assets (IF) and programmatic measures (FF)
needed for climate adaptation or mitigation. Operation and Maintenance Costs
(O&M) are also accounted for.

The conceptual framework of the method is oriented around two futre

OAAT AOET 6h pq A AAOGAI ET A OAOOET AOGO AO
and 2) a climate change scenario in which either (but not both) mitigation or
adaptation measures are taken. Investment costs of the baseline and climate
change scenariaare compared to determine future changes in investment that

are needed. Investment entities identified to take on present and projected

future costs include households and foreign and domestic corporations and
governments. Figure 3 illustrates the nine geps recommended to carry out a

full 1&FF for priority sectors.

1. Establish key parameters of
the assessment

¥

2. Compile historical I&FF data and
other input data for scenarios

ADAPTATION @ @ MITIGATION
1 3

3. Define baseline
scenario

—|

3. Define baseline
scenario

4. Derive I&FF estimates
for baseline scenario

4. Derive I&FF estimates
for baseline scenario

5. Define adaptation
scenario

5. Define mitigation
scenario

6. Derive I&FF for
adaptation scenario

6. Derive I&FF for
mitigation scenario

7. Subtract 4. from 6. to

7. Subtract 4. from 6. to

. . [ > . .
estimate changes in estimate changes in
I&FF needed to I&FF needed to
implement adaptation \ / implement mitigation
8. Evaluate policy
implications

9. Synthesize result in
report

Figure 3. Steps in sectoral assessments of I&FF to address climate change (UNDP,
2009).

For a comprehensive description of these procedures, the UNDP methodolcaji
guidelines are available atvwww.undpcc.org. While a comprehensive sectoral
I&FF analysis was not possible under the time and resource constraints of the
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http://www.undpcc.org/

study, a partial analysis was conducted with available nainal data. These data
include baseline information sourced from government investment plans based
on Vision 2030 and Millennium Development Goals, as well as development
partner investments in water supply and sanitation in Kenya. Baseline and
projected I&FFs for the water sector were assessed in reference to current
climate risks of floods and droughts. Present funding gaps and areas for
potential future climate investment opportunities were identified. These results
were discussed in light of recentnstitutional efforts relevant to climate
adaptation.

Adaptation Signatures

| AADOAOGET 1T OOECI AOOOAOGS 1T O OPAOExAUOG
short-term strategic decision making under conditions of longerm uncertainty.

The approach is usail in situations for which no or low-regret approaches are
needed for adaptation investment decisions. In the Kenyan context, where
budgets are tightly constrained and expensive sectoral protection programmes
risky, typologies of adaptation options includng institutional capacity building,

risk reduction and pilot-based actions for experimental adaptation strategies

were explored (Figure 4).
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Figure 4. Typology of adaptation options, SEI, 2009.

Development of signatures involves the corteuction of a narrative based on
present adaptation strategies and actions to be carried out by identified actors at
a specific scale. The matrix iffable 3 illustrates the scope of scales, actors,
strategies and actions available for constructing signates.
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Table 3. Conceptual matrix of scales, actors, strategies and actions for
adaptation signatures, SEI, 2009.

LOCAL NATIONAL/SECTORAL REGIONAL/GLOBAL
ACTORS Vulnerable Institutions or boundary agents ~ Global organisations,
Local social network Support or constrain actors networks

Decision framework
STRATEGY Level of adaptation Sectoral or national policy Regional/global policy
Choice of strategy

ACTIONS
= Institutional support at a Costs or risks beyond
EORTING Ditsol, actor oogts national level local or national actors
CLIMATE  To choose strategy or support i 2 §
In INFORMATION siction For sectoral planning For regional planning or der to
link climate

information in developing country contexts to strategic decisioamaking, five
theoretical levels ofaction were identified to guide the above conceptual
framework (Figure 5).

5 * No cost, individual actor decision
Level 1: Action
e * Cost-benefit
Level 2: Justified & Cotiatartiun
Level 3: ¢ Intervention beyond a single
Institutional actor
* Reconfigure institutions
Level 4: Structural -
EVE RSN 6] (s 8 @ Collapse events. Not
adaptation implausible!

Figure 5. Theoretical levels of adaptation actions, adapted from
SEI, 2009.

In the present context, levels of action B are likely to be the most immediate
whereas institutional reconfiguration/creation and preparation for climate
changeinduced collapse events within society remain largely hypothetical.

Once one or more adaptation signatures have been constructed, a method of
costing the longterm evolution of associated costs and benefits of the
interventions can be identified. Methods are not limited, but appropriateness
will vary based on the scale and level of action, as well as resource and data
constraints. Most adaptation investments have direct omdirect development
co-benefits and address adaptation to a range of current and future climate risks.
Figure 6 presents a stylized version of a costed adaptation signature scenario
pathway.
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Figure 6. Stylized costs of scenario adaptatiosignature, SEI, 2009.

For the purposes of this work, an illustrative case study using the adaptation
signatures approach was carried out for the Tana River Basin using a newly
developed costing model coupled with the Water Evaluation and Planning
(WEAP)system, described in later sections.

Integrated water modeling case study (WEAP, Tana River Basin)

WEAP is short for Water Evaluation and Planning Systertt.is a computer tool

for integrated water resources planningthat provides a comprehensive,léxible

and userfriendly frameworE A&l O DT | EAU iddgratedhgpibérBto 7 %! 06 O
simulating water systemsis useful for examining alternative water development

and management strategies (Droogers et al., 20D9

WEAP operateon the basic principlesof a water balance. The analyst represents
the system in terms of its various supply sources (e.g. rivers, creeks,
groundwater, and reservoirs); withdrawal, transmission and wastewater
treatment facilities; ecosystem requirements, water demands and pollign
generation. The data structure and level of detail may be easily customized to
meet the requirements of a particular analysis, and to reflect the limits imposed
by restricted data. Based on this structure WEAP is applicable to many scales,
municipal and agricultural systems, single catchments or comek

transboundary river systems. The Tana River catchment basin was selected as
an illustrative case study for the use of WEAP given the river powers 75% of
(Droogers et al., 2008. Figure 7 illustrates the schematic overview of the WEAP
water balance model, integrating various supply and demand nodes within the
Tana Basin.
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WEAP: TanaCC_01
Are:

Figure 7. Schematic representation alhe WEAP model of the Tana River Basin.

For the purposes of this study, four adaptation scenarios were identified and the

costs and benefits of their implementation tested across and envelope of climate

scenarios. The adaptation scenarios were derivéidom Adaptation Signature

analyses and included demand and supply side interventions, ecosystem

i AT ACAT AT 6h AT A A OEOI 1T AAAPOAOEI T o6 OAAT AO
Projected climatic data was taken from the highest and lowest monthly

anomalies produed from nine statistically downscaled GCM models to the Meru

meteorological station located in the Tana Basin. The Climate Change Explorer

(CCE) tool was the source of projection data while water supply and demand

data were collected at the basifevel.

Discussion of the structure, functions and parameter values underlying the
WEAP Tana Basin analysis are comprehensively explored in the case study
section of this report. Further details about WEARcan be foundon the WEAP
website and manuals (http://www. weap21.org/). Details how WEAP compares
to other modeling tools has been describedlgewhere (Droogers et al., 2006

Background: Economic importance whter resources

Estimated resource endowment

+AT UAGO xAOAO OAOI OOAA O ndtualendome@ bnrd AT AT OO1 U
underdeveloped under current supply systems. Kenya is classified as a

chronically water-scarce country since its annual renewable freshwater supply

of 647 cubic meters per capita is below standards of global minimum supply of

1000 m3/capita. Of the surface and ground water available, only a certain

proportion can be used safely due to technical accessibility and ecosystem

11



demand requirements. Figure 8 OET x O 1T AOEIT T Al
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developed (World Bank, 2006).
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Figure 8. Actual and potential safe yield levels for surface and groundwater

abstraction (World Bank, 2006).

Availability of up to date data on current water resairces are limited. National
water Master Plans (e.g. 1992, 1998) were used as primary references for

AOOEI AOAO 1T &# OEA CAiI COADPEEA

drainage basins. These include the Lake Victoria, Rift Valley, Athi Riveana

River and Ewaso Ngiro North basinsKigure 9).

Basin

Lake Victoris

Hift Valley
AthiRiver

Tana River

Fwaso Ngiro Noety

Figure 9. Five major drainage basins of Kenya. National Water Master Plan, July

1998, cited in The State of the Environment 2006/7, Kenya.

The spatial distribution of surface and grounwater resources is dependent on
regional rainfall patterns, geology and hydrogeology, and ecosystem regulation

of storage and dischargeTable 4 depicts estimates of water resources among

the five drainage basins (National Water Master Plan, 1992). Retenalysis
indicates that among these basins, only Tana and Lake Victoria Basins are said to
have surplus water while the rest have water deficits (Kenya State of the
Environment Report, 2006/7). This correlates with the high annual rainfall rates

12
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and edimated surface and ground water potential of these basins. Significantly,

El xAOAOh AAT OO vib T £ +ATUAGO xAOAO OAOT 60
countries. For example, while Lake Victoria provides an estimated 54% of

+AT UABO OF OA1 enya@ldo@rovitids@5%CoDal dubdte water

inflows into Lake Victoria, comprising the upper source of the Nile (Kenya State

of the Environment, 2006/7). Hence, transboundary water rights significantly

impact politically politically OA £A U E A1 Avérer tegBurced(Keya &téxe

of the Environment Report, 2006/7).

Table 4. Distribution of estimated water resources and uses by drainage basin.

Drainage

Mean
Annual
Rainfall

Size
in
Km3

Estimated
ground
water

Estimated
surface
water

% total
national
water

Percentage
of water
abstracted

Main
water
uses

(mm) potential resources

(m3)

potential
(m?3)

Lake
Victoria

1,368 46,000 | 115.7 11.672 54.1 2.2 Domestic,
Industrial,
small-scale
irrigation
(HEP
development

in progress)

Rift Valley 562 130,000 | 125.7 2.784 3.4 1.7 Domestic,
Industrial,
Livestock,
Large &
small-scale
irrigation,

HEP

Athi 739 67,000 | 86.7 1.152 4.3 11.6 Domestic,

TanalLarge &
small-scale

697 147.3 3.744 32.3 15.9 Domestic,
Large &
small-scale
irrigation,
Livestock,
Industrial,

major HEP

Tana 126,000

411 142.4 0.339 5.8 12.4 Livestock,
domestic,
Major &
minor

irrigation

Ewaso
Nyiro

210,000

Source: Adapted from 1992National Water Master Plan cited in NWDR, 2006.

Y Sy el Qdrivenledorididy
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forest systems that make up the largest forest blocks in the country. They

include Mt. Kenya, Aberderes, Mau complex, Mt. Elgon, and the Cherangani.

2AEAOOAA O AO OxAOAO O1 xAOOGoh OEA &£ OAOOO
+ATUAGO | AET OEOAOOh AGAADPO OEA 40A01T 2EOA
(Figure 10Q 8 4AEAOA AAT OUOOAI 6 AOA -dverA &1 01 AAOET
economy (Table 5).
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Table5. %AT 11T 1 EA OAI OA 1T £ +AT UA8O0 xABOAO O xAOO
Towers Area (Ha) | Major Rivers Economic Value
Mt. Kenva 199 558 Tana Hydropower peneration and irrigation
Aberdares 103,315 Thika, Malewsa and Major water supply for city of Nairobi
Athi and irrigation
Mau Complex 400,000 Mara, Sondu, Njoro Serves Masai Mara Game Reserve,
and Nyando production of hydropower (under
construction) and tourism
Mt. Elgon 73,089 Nzola -Paper and pulp industry, sugar industry
-Uncontrolled flooding causing wastage
of storm water
Cherangani 128 000 MEzola river system Agricultural activities

Source Kenya State of the Environment 2006/7.

14
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sectors is dominated by irrigated agricultue (Table 6). Accounting for around

76% of total demand, coffee, tea and horticulture are the primary users.

According to government estimates, agricultural productivity from irrigation

directly contributes about 3% of GDP and provides about 18% of thealue of all

agriculture produce. The water resource needs of raifed agriculture are

ANOGAT T U OEOAIT O1I OEA +AT UAT AATTiTiuUus | AAO-
which carries 80% of the population, rainrfed agriculture supports subsistence

farmers that make up over 70% of the Kenyan workforce and supply the

majority of national food requirements (Kenya SIP, 2009).

Domestic water consumption among urban and rural users comprises the second
largest direct source of water demand, with significant nommarket implications

for health and well being. At present, it is estimated that 40% and 60% of rural
and urban areas have access to water, respectively (Kenya SIP, 2009). Livestock
water demand is also significant and provides the principle livelihood for

KAT UAS O | ORAAd LanbsAASALA)ithat span 80% of the country and

carry about 45.5% of the total livestock population (World Bank, 2006). While
AEOAAO ET AOOOOEAT AAI AT A T &£ xAOAO EO T11U
domestically generated éectricity comes from hydroelectric generation

(Droogers et al., 2006). Hence, there is significant indirect dependence on water
resources through hydroelectric power reliance among industrial and service
sectors, which together make up 70% of the Kenyagconomy (Figure 11).

Table 6. Estimated water demand, 19962010 (thousands of n¥/day)

Demand by Category 1990 2000 2010
Domestic water

Urban 573 1,169 1,906

Rural 532 749 1,162
Industrial 219 E¥:) 494
Irrigation 3,965 7810 11,655
Livestock 326 427 621
Inland fisheries 44 a1 78
Wildiife 21 21 21
Total/Day 5,680 10,615 15,937
Total m%/Year {Millions) 2,073 3,874 5817

Source:Republic of Kenya, 1992, cited in World Bank, 2006.

N & Agriculture
* ¥ Industry
7% 13% Tourism
v i Services

5%
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Figure 11. Principle economic sectors, Republic of Kenya, 2002, cited in World
Bank, 2006.

Costs of current climate variability and resource degradation

The economic impacts of climatic extremes in the form of floods and droughts,
occurring roughly every 5 and 7 years, respectively, are a significant drag to the
Kenyan economy estnated at 2.4% GDP (Ksh 16 billion per annum).
Compounded by the impacts of resource degradation estimated to be at least
0.5%, together these costs are about 50% of the annual GDP growth of the 1990s
(Figure 12).

That is, droughts and general degradatioof the resource base, in
AAAEOETT OI OEA OOAAAU AAOAOET OAOEITT ET OEA
exerting a huge impact on economic production (World Bank, 2006).

Figure 12. Relative annualized impacts of floods, droughts and resourced
degradation tothe Kenyan economy (World Bank, 2006).

1%

& Floods

& Droughts

Resource
Degredation

The highest cost impacts of flood and drought events, and water resource
degradation are detailed inTable 7 and Figure 13 below. Loss of industrial
production and increased electricity generation costérom droughts, and
infrastructure damage from floods dominate market costs of extreme events
while estimates from resource degradation are small in comparison.

Table 7: Estimated highest cost impacts of floods, droughts and water resource
degradation.

16



Flood Road network, 62,000 777
communication, buildings and
water infrastructure damage
Health treatment costs 4,500 56
Water systems 3,600 45
Drought Loss of industrial production | 110,000 1,400
Increased cost of generation | 51,000 632
Crop loss 19,000 241
Resource Increased pumping costs for | 870 11
degradation Nairobi
Cost of urban water treatment | 850 11
Desalinization 600 7
Reduced fish prodution 680 9
Total 252,420 3,180

Source World Bank, 2006.

Highest cost impacts B Road network,

communication
buildings

1% — & Water systems

i Health treatment costs
& Loss of industrial
production

W Increased cost of
generation

X Crop loss

% Water resource
degradation

Figure 13. Estimated highest cost impacts of floods, droughts and water
resources degradation, from World Bank, 2006.

Future demand

&OT I + AT UAWaer ReAddrEes Mahagement Strategy (NWRMS), the
estimated total available water resources in Kenya are 7,400 million fiper year
safe yield of surface water, and 1000 million fper year annual safe yield of
groundwater. As part of the NWRMS, future watalemand was projected based

on population growth trends and estimates of 30% improvement in water use
efficiency in irrigation, compared to the present estimate of 1 litre/se per Ha

(used 50% of the time) (Kenya SIP, 2009). Base on these assumptions2630
estimated water use approaches total available resources, reaching an average of

17



7,000 million m3. This highlights the urgency of efficiency gains in irrigated
agriculture in particular (Table 8, Figure 14).

Table 8. Total water use projections(2008-2030)

Total water use ® Un-used
0 Eroe

= Water Supply

Million m?

2008/9 2009/10 2010/11 2011/12 2012/13 2013/14 2014/15 2015/16 2016/20 2021/25 2026/30
Average Average Average

Figure 14 . Future water use based on sectoral demand and population growth
projections, Kenya SIP, 2009.

As a result of increased consumption from key economic sectors and projected
demands of a rapidly growing population, total water availhility per capita
decreases from 242 to and average of 1523capita/annum ( Figure 15).

Total water availability

w
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o
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w
o
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2008/9 2009/10 2010/11 2011/12 2012/13 2013/14 2014/152015/16 2016/20 2021/25 2026/30
Average Average Average

Figure 15. Future water availability, Kenya SIP, 2009.

However, it is important to stress the extreme uncertainty of such projections, as
they do notaccount for scenario climatic change and are founded upon uncertain
baseline resources, population growth and use efficiency estimates, which also
result in discrepancies with other projected estimates. Nevertheless, present
water scarcity and demand progctions underscore the need for immediate

18



investment in storage, efficiency and improved catchment and water resources
management (Kenya SIP, 2009).

Development planning horizons

"U ¢nmomh EO EO +AT UAB80O AAOAncimkokriryd OEOET 1
(Vision 2030). This and other poverty reduction and development objectives are

shaping sectoral planning horizons and related water resource development.

Overall objectives of key initiatives directly related to water are summarized in

Table 9. Thed ET Al OAA 6EOEI T ¢momh +ATUASO %AI I
the Millennium Development Goals (MDGs), and Nile Basin Initiative.

Table 9. Primary development objections related to water resources

Source Initiative Overall Objective

Vision 2030, medum (2008-12) and longterm | Ensure improved water and sanitation are
plan available and accessible to gland increased
agricultural productivity

Economic Recovery Strategy (ER&Nnd PRSP | Provide water and sanitation to the majority of
the poor at a reasmable distance(~2km) with
active local community and authority
involvement in management of water and
sewage services

Millennium Development Goal 7, Target 10 Halve by 2015 the proportion of people
without sustainable access to safe drinking
water and sanitation services

Nile Basin Initiative Shared Vision Achieve sustainable socioeconomic
development through the equitable utilization
of, and benefit from, the common Nile Basin
water resources

In 2009, as part of a revised planning framework for the wiar and sanitation

sector, Kenya released a Sectoral Investment Plan (SIP) covering the period from

2008-2030. The objective of the SIP is to present a strategic outlook and

ET OAOOI AT O TAAAO O OAAAE OEA - O AT A OEA
addition to the SIP, strategies existfoA AAE | /L1 WAtér BektdrO

Institutions (WSIs), operating underthe guidance of theMinistry of Water and

Irrigation .

The investment framework for the SIP is structured around targets for sub
sectors including i) Water Services, ii) Sanitation, iii) Irrigation, Drainage & Land
Reclamation and iv) Water Resources Management, as well as overall sector
management goals Table 10). Note that these programme targets incorporate
flagship projects for the water sector oulined in Vision 2030.
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Table 10: Subsector targets for water supply and sanitation

Programme Performance Expected outputs Expected outcomes
Indicators
Water Supply  |Proportion of urban Urban access to safe water

50 km Mzima pipeline rehabilitate

I 0, 0,
and expanded increased from 60% to 75% by

2012

Rural access to safe water
increased from 40% to 65% by
2012

and Sewerage |population with access to
safe water supply

Watersupplies infrastructure
expanded in 26 medium size tow
(Narok, Machakos, Maralal, Wajif
Wote, Hola, Chuka, Ruiru, Athi
River, Siaya, Ol Kalou, Matuu,
Maua, Moi 6s Bri
Moyale, Kapsowar, Maseno,
Kapenguria, Lokitaung, Karuri,
Lamu, ChogoriaKitui, Kilgoris
and Kehancha).

140 boreholes drilled annually in
ASAL areas.

160 small dams/pans constructe
annually in ASAL areas.

180 nev water and sanitation
projects conguctedin rural areas
annually.

Pragportion of rural
population with access tg
safe water supply

Urban access to improved
sanitationincreased from 55% t(
Proportion of urban 70%by 2012
population using improve
sanitation facilities

Proportion of rural
population using improve
sanitation facilities

Rural access to impved
sanitation increased from 45% |
66% by 2012

Water ResourcesIncreased water 2 largemulti-purpose dams of 2.4|Volume of Water increased by
Management storagéharvestingand billion m3 total capacity for flood |4.4 billion M3 by 2012

supply across the countrycontrol irrigation and domestic us|
through construction of |(on River Nzoia, River Nyando)
dams 22 medium sized muHpurpose
dams with 2 billion m3

54 km canal constructed (Rahole|Accurate WateResources

by 2012 Information easily accessible
Equity in distribution of water
600 hydromet sttions rehabilitateqresources

2 International Standard hydrome
stations established

12 Monitoring boreholes drilled

Provision of Increase in total area of |475 Small holder community 50,000 ha of irrigated land by
Irrigation and productive land under [irrigation schemes constructed |2012
Drainage irrigation (ha) Yatta canal extended by 100km g
Infrastructure one uptake dam constructed at
Thika Rver
Source Sectoral Investment Plan for the Water and Sanitation Sector in Kenya,
20009.

Based on the above targets, three subector strategies were developed and their
costs incorporated into the SIPEigure 16). These include a National Water
Services Strategy (NWSS), Dratft Irrigation and Drainage Strategy, and National
Water Resources Management Strategy (NWRMS) detailed belowigure s 17-
19).
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Sector Investment Plan (SIP)

National Water
Services
Strategy
(NWSS)

Resources

Management
Strategy
(NWRMS)

Figure 16. Water sector investment plan (20082030), Kenya SIP, 2009.

National Water Services Strategy (NWSS)

*Reach at least 50% of the underserved urban population with safe
and affordable water by 2015 (MDG), move to access to all by 2030

*Reach through sustainable waterborne sewage collection, treatment
and disposal systems 40% of the urban and 10% of the rural
population by 2015

eIncreased access to safe and improved basic sanitation facilities
particularly for the poor to 77.5% in the urban setting and 72% in the
rural setting by 2015

sAchieve the MDGs by fast tracking affordable and sustainable acces to
safe water in the settlements of the urban poor

Figure 17 . National Water Services Strategy (NWSS), Kenya SIP, 2009.

e Contribution of irrigated agriculture to the growth in
agriculture increased from current 28% to 40% in next 5
years and 75% in next 15 years

e Allocate 2% of GDP from GoK and DPs for irrigation and
drainage development, research, extension and training

e Transformation of agriculture from rain fed to irrigated
agriculture over 10 year period, and Vision 2030 goal to
develop 20,000 ha annually for irrigation and drainage

Figure 18. Draft Irrigation and Drainage Strategy, Kenya SIP, 2009.

National Water Resourses Management Strategy (NWRMS)

« Improve water resources assessment to obtain more accurate freshwater yield of surface/
groundwater resources

« Put in place mechanisms that promote equal access to water for all Kenyans at suitable quality and
quantity

« Enhance and strengthen roles of gender in Water Resources Management

« Create mechanisms for an integrated approach to land and water resources planning and
management on a catchment basis

« Put in place strategies that promote production of accurate data on water use and demand for
surface/groundwater

« Provide guidelines for private sector financing in the water sector as well as to improve opportunities
for self financing and reduced public sector financing

» Develop water pricing policies and mechanisms which recognise water as an economic good

« Develop policies and mechanisms on disaster management

« Promote integration of sector and regional water policies
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Figure 19. National Water Resources Management Strategy (WRMS), Kenya
SIP, 2009.

SIP projections estimate the financing needed to achieve each of the sdztor
strategies nationally. This information will in turn guide relevant WSIs through
the 3-Year Sector Plans and Medium Expenditure Framework (MTEF). Rés of
this initial SIP exercise lay out a baseline and scenario investment framework for
sustainable sectoral development towards 2030.

Preliminary I&FF analysis

As a step in the process of building up an evidence base for investments in
climate adaptation, the Investment and Financial Flows (I&FF) methodology is
one of many emerging techniques (UNDP, 2009). Under UNDP support, ongoing
|I&FF assessments for either sectebased adaptation or mitigation are being pilot
tested in 10 developing country ontexts, including 7 in Africa. Publically
available sectorbased methodological guidelines were used for the following
preliminary assessment for adaptation investments in the Kenya water sector
(www.undpcc.org).

The sequence of steps suggested when undertaking I&FF analysis include

defining the sectoral scope, compiling historical I&FF data, establishing a

baseline and adaptation scenarios coupled with respective 1&FF projections

(Figure 3). Due to the limited tme and resources available for this study, a

preliminary national -level I&FF assessment was carried out and drawn almost

AoAl OOEOAT U &£OiIiI +ATUABO ¢nmnmw 3AAOT OAl )1 0O
determining sector investment requirements were carried outusing a Strategic

Investment Model (SSIM). In order to obtain more accurate historical I&FF data,

and inform adaptation scenario development, it is recommended that a full I&FF

be carried out through a countryled stakeholder engagement process.

Sectoal scope

Due to the significant socieeconomic impacts of current floods and drought

events and resource degradation, an I&FF adaptation investment assessment

was conducted for the Kenyan water sector. Given the uncertainty surrounding

future climaterisEO O1T + AT UAG6O0 xAOAO OAAOI Oh A AT T AA
primarily on projections of both available and needed funding to address existing

climate risks and development targets was used. Key parameters for the

AOOAOOI AT O xAOA A AOAohAsisiing of thrAd subBeBt® ¢mmw 3) 0 |
strategies including i) the National Water Services Strategy, ii) Draft Irrigation

and Drainage Strategy, and iii) National Water Resources Management Strategy.
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Historical I&FF data

Historical I&FF data were based on recdranalyses covering the period of 2007
2010. A longer timeframe was not explored given data finding constraints, in
addition to the substantial institutional re-organization and legislative changes
prior to this period, which significantly altered funding allocation. Limited
availability of national-level investment information restricted historical
investment analysis to the recurrent and development expenditures of the
Government of Kenya (GoK) and its foreign development partners (DPs).

Based on toal GoK and DP investments, recurrent budgets supporting water
sector institutions have remained stable over the period of 2002010, while
development budgets have nearly doubled in the last two years from Kshs 11.65
billion (gross) in 2007/8 to 24.7 billion in 2009/10 (Figure 20). This reflects
increased government and donor commitment to water resource development
(WSTGBudget Analysis, 2009).

30,000

24,695

25,000

20,000 7

15,000 + B
—-AA

n KShs milfons

Gross

10,000

5,000

2007/2008 2008/2009 2009/2010 2010/2011

Total budget 2009/10 = KShs 24.7 bn up by 36% from previous year.
Largest increase from AIA by 74%.

Figure 20. $ AOAT 1 I AT O ET OAGOI AT O Aii i EOI AT OO EI
budget (2007/8 -2010/11), from WSTG Budget Analysis, 2009. Appropriation in
Aid (AlA) (red line) represents total development partner contributions. Net

budget (blue line) represents GoK investments. Gross (green line) represents
combined GoK and DP budget contributions.

Baseline scenario

I AAOGAIT ET A OAAT AOET A1 O +ATUA8O xAOAO OAOI
Investment Plan. In line with the sectoral targets outlined in the Vision 2030 and

MDGs, the four suksector strategies of the SIP served as a developmentseéine
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scenario. Parameters capturing financing need categories for these plans are
detailed in Table 11.

Table 11. Categories of sector financing needs
Sectoral Financing Needs

Water Services

Sanitation

Irrigation, Drainage and Land Reclamation (ID&R)
Water Resources Management Operations
Water Resources Management Infrastructure
Sector Management

= =4 =8 -4 -4 9

I&FF estimates for baseline scenario

A baseline scenario for future sector funding based on current plans was derived

from investment and financial fows, and operating and maintenance (O&M)

costs using the calculations a Strategic Sectoral Investment Model (SSIM) directly

AOT T +ATUAB8O 3)0 AT Al UOEOS /| OOPOOO 1T & OEE
investment per sub-sector (Figure 21), level of water secor funding by source

(Figure 22, Table 12), and total sector funding Figure 23).

Water Sector Investments Water Sector Funding Sources
Sector g .
management per Sub-Sector Ng; T::::I " CDF f“ul}:ding/-lﬂTF;;ndl ng
2% 3% -\\

DP
Commitment
13%

WRM
Operations
2%

USETS charges

Figure 21, Figure 22: Investments per subsector and sector funding by source.
Abbreviations: Water resources management (WRM), Irrigation, drainage and
land reclamaion (ID&LR), Local Authorities Transfer Fund (LATF), Development
Partners (DP) Constituency Development Fund (CDF), Kenya SIP, 2009
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Table 12. Projected water sector funding by source

Total Sector Funding 20089 200910 (201011 200112 [201273 201314 | 24015 |2015M118  |Average  |Average  |Aserage Tatal

; ) 2016-20  |2021-25 | 2026-30 2008-30
W5 revenue & user T.697 8702 9.610) 10480 11.441) 12961 14.335] 15811 18.016| 25530 34,829 463,413
contribution
Sanitation revenue & user 16,190 20,339) 22577 23,858 25171| 28,267 28,641 27022 17.264) 17,853 19,715 462,226/
investmant
Mon-water sector San invest. 4,885 5,528 5,883 B,103 6,327 6,520 6,609 6,702 4,889 5420 6,676 133,481
WRM fees! water user 127 211 a0g 413 532 837 748 348 1,122 1,648 2,274 29,041
charges
IDELR private imvest. and 1,413 3,448 3,448 3,448 2,544 3,506 3,568 3,630 3,559 3,558 3,559 78,307
Usars
GOK Recurrant 3,343 3,445 3,445 3,445 3,445 3,445 3,445 3,445 3,445 3,445 3,445 78,133
GOK Development 8,357 T.884 7.884 7884 7,884 7884 7.884 T.884 7,684 7,884 7.884 181,808
DF Gommitmenis 13,322 11,225 11,225 11,225 11,225 11,225 11,225 11,225 11,225 11,225 11,225 260,271
Estimated NGO funding 2,502 Z,255] 2,255 2,255 2,255 2,250 2,255 2,253 2255 2,255 2,255 s2,121
COF fursding 2,226 2,444 2,593 2,683 2,543 2,683 2,643 2,683 2693 2,883 2 693 B1,227
LATF fundirg 324 41 35E| 376 304 414 435 457 530 BTE a3 13,442
Total 60,306 E5.825 60,584 72,11 73,912 77,608 79,838 B1,973 TZ,382 BZ,189 95,518 1,834,575

Million Ksh

Source: Kenya SIP, 2009.

LATF funding
140,000 =
COF funding
120,000 Estimated NGO funding
100,000 DP Commitments
® GOK Development
80,000 — e
. ®GOKRecurrent
60,000 T———Ha——S——— i —
| | = ID&LR private invest. and users
40,000 + . o WRM fees/ water user charges
20,000 . Non-water sector San invest.
0 - . | | . | | . . . . . . ~ . ) . ~ . ) , . San. revenue, user investment
2008/9 2009/10 2010/11 2011/12 2012/13 2013/14 2014/152015/16 2016/20 2021/25 2026/3( ™ W3 revenue, user contribution

Average Average Average

Figure 23: Projected available water setor funding by source, Kenya SIP, 2009.

From Figures 21 and 22, water services and sanitation are the primary sub
sector investments, paid for mostly by service revenues and user contributions.
According to these projections, 57% of total water sectouhding is anticipated

to come from user contributions in the form of WRM fees and water user
charges, farmer and private sector investment in irrigation. As noted in the SIP,
EO EO Ei bi OOAT O O EECEI ECEO OEA8n®OEEO
estimated O&M costs associated with ID&LR investments are not included under
the assumption they are covered fully by farmers. However, O&M costs were
included for water services funding requirements, and sanitation includes
investments by users inon-site sanitation. Hence, these results should be seen
as highly illustrative and in the case of irrigation, significant underestimates.

In terms of domestic and foreign public contributions, direct funding from
Government (development and recurrent lndgets) and foreign donors are 16%
and 13%, respectively. NGO and elffudget donor support is potentially as high
as 50% of Government and oitbbudget donor funding, therefore an additional
contribution of 10% was added to Table 10.

25



Taken upon the assumtions underlying the Strategic Sectoral Investment
Model, by 2030 an average dfsh 95.5 billion /yr (USD$ 1.3 billion) is projected
to be available for water sector funding across public and private investment
entities. Between 2008 and 2030, a cumulatezramount ofKsh 1,834 billion
(USDS$ 24.5 billion) is projected to be available for investment in the six priority
sub-sector areas.

In order to validate SSIM calculations for the base year of 2008, results were
compared with current Government and devedpment partner investments in
the water sector (Table 13).

Table 13. Actual and SIP derived investment in the water sector by public
investment entities

Development Recurrent Development Recurrent

GoK 8,357 3,343 12,051 3,530
Development 13,322 Not 6,146 1,147
partners calculated

Subtotal 21,679 3,343 18,197 4,678
Grand total 25,022 22,875

Source:+ AT UA 3)0h c¢mnwh +ATUA8O xAOAO OAAOI O A
2010/11, from WSTG Budget Analysis, 2009.

Results of the comparison between actual and SIP investments by foreign and
domestic public investors are favorable. SIP estimates are not dramatically
different (>Ksh 2,147 million) than total actual developmentand recurrent
expenditure by the GoK and development partners. Moreover, use of the SIP
projected available funding as a baseline 1&FF appears reasonable based on
current knowledge.

Defining an adaptation scenario

According to the UNDP guidelines, I&F&nalysts are instructed to compile
detailed descriptions of adaptation options to be implemented, and assess the
implications of those measures.Table 14 shows suggested I&FF investments
from the water sector I&FF guidelines.
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Table 14. IF and F examples for the water sector

Problem IF FF

Water Supply Intake works Water management plan
Well systems Superficial and groundwater
Reservoirs™ extraction regulations
Potabilization plants
Water mains
Desalination systems
Irrigation systems"

Water Quality Sewage systems Pollution control plan
Treatment planis Effluents regulations
Monitoring systems

Water Efficiency Reparation of leaks from water systems Education programs
Residential and commercial fixtures and | Fare rates policy
appliances

Floods Pluvial systems Contingency plans
Channelization Land use regulations
Dykes
Detention reservoirs
Warning systems

Droughts Water harvesting structures Contingency plans

Wetlands Preservation Land acquisition Wetlands management plans

It could intersect with the energy sector
? It intersects with the agronomic sector

Source Kenya, SIP.

sz A -

bl AAA

analysis to the UNDP I&FF of sectoral interventions has been carried out, albeit
through a framework of development ratter than climate change adaptation
targets (Figures 1619). For instance, given the substantial economic losses
AAOOAA AU AOOOAT O AOT OCEO AOAT 66 AT i b1l O1 AA,
demands, improved water storage and harvesting are major sectoral
development priorities. Under the UNDP I&FF framework, such interventions
could double as precautionary climate change adaptation measures. Recall

&ECOOA »ph

ET xEEAE OEA

sz o~

OOAOOAI

OEAI

differentiating between development andadaptation interventions extremely
I BET ¢ AT O1T 6OoU Ai T
distinctions are arguablypolitical decisions, given the extent of uncertainty

surrounding climate change and determinants of future resource deand. Areas
of significant exception relate to sea level rise and glacial melt (e.g. Mt. Kenya)
strongly linked to anthropogenic climate change.

AEEAEEAOI O8 ) 1

i A’T

u AAOAI

It is therefore recommended that classification of adaptation interventions and
scenario development involveintensive engagement of country stakeholders and
is based on adaptation measures for coping with trends in current climate risks.
As part of a countryled effort, the UNDP suggests workshop events bringing
together government ministries, resource manages, development partners,

NGO, local communities and other investment entities. This way, knowledgeable

experts can inform categorization of appropriate adaptation investment needs as
they might differ from development at national and suknational levels

For the purposes of this nationallevel assessment, scenario adaptation
considerations were limited to funding gap analysis of the SIP.
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I&FF for adaptation scenario

Although an explicit adaptation scenario was not developed from the Slbased
I&FF baseine, the gap arising between projected investment needs and available
funds is used as a possible entry point for discussions for adaptation I&FF
scenario development. Within the 20082030 planning period, an annual
financing gap of approximatelyKsh 20 billion (USD $264 million) develops.

From SIP analysis, this arises mainly due to increasing funding requirements for
investment in irrigation and in major water resource management infrastructure
such as damsTable 15, Figure 24). By 2030, the gap grow$o Ksh 564.8

billion .

Table 15. Total water sector funding gap

Total Sector Funding  |Z0080  [200GI10 [201011 201112 [201213 [20131@ [2074l1 [201516 |Average [Awerage [Aversge | ol

Total funding need 64,213 82596 87411 01,458 03,705 103,400 106,455 106,520 95,651) 110175| 126,800 2,399,302

\ 201620 |2021-25 (202630 | 2009-30

Tolal avalable funding | ©0.96| 65B25| €4ed| 12191 73912 17808 7983 6173 72g8Z| B2180| 95518 1834575

Furding Gap JBIT| A6TTY| ARTET] 19285 10084 25804 26856 24506 22TE0( 7086 313N 564,817

Million Ksh

Source Kenya SIP, 2009.

140,000 - =
B Funding Gap

120,000

100,000
80,000
60,000
40,000 -
20,000 -
0 - v v v . v v . v v v

2008/9 2009710 2010/11 2011712 2012/13 2013/14 2014/152015/16 2016/20 2021/25 2026/30
Average Average Average

Figure 24. Total water sector funding gap, Kenya SIP, 2009.

B Total available funding

Filling all or part of such funding gaps as they arise presents is a possible
opportunity for outside investment entities to target adaptation financing. This
would support Kenya in achieving its Vision 2030 and MDG commitments, and
possibly increase longterm institutional and local resilience to future climate
change.

Further consideration might be given for an additional percentage of current

AET AT AET ¢ TAAAO O1 AA AAAAA AO Al AAAPOAOE

assumption that user contributions will account for 57% of projected investment
costs of subsector strategies, it seemseasonable to also assume that it may
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require significant amounts of time for such contributions to be fully realized.
Adaptation financing that subsidizes sector investments and cosecovery
programmes targeting low-income groups frequently exposed t@xtreme events
might be considered to supplement this. Additional financing might also be
needed if water use efficiency improvements in agriculture and irrigation O&M
costs covered by farmers carrying prove unrealistic.

While bottom-up estimates of @ditional adaptation financing needed to realize
sectoral development targets would ideally come from a process of stakeholder
engagement, the following section briefly discusses aggregated global estimates
of these additional climate change adaptation cés.

Comparison with global estimates

The projected annual funding gap of Ksh 20 billion (USD $264 million) was
compared with projections of future climate adaptation costs needed for Africa
and Kenya in order to contextualize both findings. Based oesearch by the
International Institute for Environment and Development (IIED) and Grantham
Institute, UNFCCC estimates of required adaptation financing flows globally for
the water sector of USD$ 11 billion/yr as a substantial underestimateT@ble

16).

Table 16. Summary of IIED/Grantham findings (2009) on the UNFCCC (2007)
assessment

Sector UNFCCC GlobaFlow IIED commentary on UNFCCC estimates
Agriculture forestry & $14 billion/yr Considers a reasonable first approximation

fisheries

Water resources $11 billion/yr Considers a potentially substantial underestimate, due to

omission of flood risk, water transfers, and ensemble range

Coastal Zones $11 billion/yr Considers underestimate by factor o8 due to higher potential
sea level rise

Human heath $5 billion/yr Considers underestimate as only includes30-50% of extra
disease burden from climate change in developing countries

Infra-structure $8 - 130 billion/yr Consider major underestimate asow levels of future
developmentin some regions(so less infrastructure to protect),
only large events, and relatively low markup.

Ecosystems Not included Omitted in UNFCC so underestimate (cites $8$300 billion/yr)
Other sectors Not included Not included
TOTAL $49 - 171 billion/yr Considers investme nt needs are 2 z 3 times higher

than UNFCCC

Source: SEl, 2009.

Based on the IIED/Grantham review, estimates for adaptation finance needs in
Africa were made 2z 3 times higher than the UNFCCC numbers. Different
approaches can be used to scale theseviged estimates to the countrylevel.
Table 17 details the breakdown of the USD $11 billion estimate using
population, GDP and land area to allocate investment across East African
countries. Note, this method of allocation is purely illustrative and doesot take
into account relative economic differences (e.g. LDC vs. rb®C) or indicators of
vulnerability to climate climatic risk.
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Table 17

. Countrylevel adaptation funding needs based on UNFCCC estimates

$ million / year Scaled on the basis of

Population ‘ GDP ‘ Land area
All Africa 14346 - 29793
Burundi 124 - 258 16-67 9-37
Kenya 557-1156 131-542 120 -497
Rwanda 144 - 299 33-138 7-30
Tanzania 601 -1248 84 -348 84 - 348
Uganda 455 - 946 128-532 53-222
East Africa 1881 - 3907 392 -1627 273 - 1134

Note: data of population, GDP (2006), and land area used here were obtained from WHO statistics, UN data,
the World Factbook (2006), FAO dataset, and Yale University 2005 Environmental Sustainability Index
(ESI). Note scaling byhe GDP in 2030, rather than currently, would make a difference to the numbers, and
is a source of uncertainty given these apply to future investment flows.

Source SEI, 2009.

Based on population, Kenya would receive the highest proportion of adaptation
finance, estimated between USD $557 and $1,156 million. Compared to the
estimated funding gap of USD $264 million for the Kenyan water sector, it is
conceivable that global adaptation financing flows could supplement this gap and
additional adaptation cods conceived by country stakeholders in future I&FF
assessments.

Policy implications and recommendations

At global and national levels, estimates of the additional costs of climate
adaptation are many and growing. While of potential use for country diegations

to climate policy negotiations, such estimates are of marginal value to sectoral
planners at national and subnational levels. The latter may be attributed to

AT T OEAAOAAT A 1 OGAOI APO 10 OCOAU AOAAOS
and current development plans, and lack of grounding in unique country

contexts. Moreover, rigorous estimation of current and future investment needs

to achieve sectoral development targets is a valuable exercise for contextualizing
additional climate change adaption investment decisions. Estimates from

+AT UAGO 3)0 AOOAOOI AT O OAPOAOGAT O A 0OO0OI T C
the process of adaptation investment decisions more transparent. This is

particularly true with regard to identifying sources of projected available

development funding relative to estimated investment needs.

From the perspective of climate change adaptation as a soditstitutional
process, however, the challenge of investment needs assessments is not the
costing of decisions, buthe decisions themselves. How Kenyans decided to
appropriate available revenues and outside investments to prepare for climate
change is a highly political, national and suational process In order to
facilitate this strategic decisionmaking, it maybe recommendable for entirely
new institutions to be formed that have the capacity and mandate to coordinate
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adaptation investment decisions in the context of diverse sectoral and cross
sectoral development ambitions.

In addition, significant capacity nvestments should be considered for robust,

scenario-based decision making to inform future planning processes, and adapt

as conditions change. Support for institutional transformation or creation is an

immediate and clearlyadditional adaptation financeinvestment opportunity. In

OEA AAOA T &£ +ATUAGO xAOAO OAAOI Oh bi OEOEOA
transformational institutional changes following the Water Act of 2002.

Investment in improved data collection and coordination among water sector

institutions, development of the SIP, stakeholder engagement, anticipated

scenario-based investment planning techniques (e.g. use of MIKE Basin) and pro

poor sub-sector implementation plan (PPIP) represent progressive

developments in a sector plagued by mismagement and information scarcity.

I O OEA OOAOOO 1T &# +ATUABO Al EI AGA AT A AAOGAIT
current management processes may prove sufficient for adaptation needs.

However, multiple stressors including demand changes under populatiogrowth

and economic transitions, compounded by limited nature water endowments,

may push such arrangements beyond stable states and necessitate formation of

new institutions to manage complex and uncertain climatesociety interactions.

The appropriateness of these and other strategic adaptation decisions can only

be determined through an ongoing process of countried, multi-scale

stakeholder engagement.

Adaptation signatures

To illustrate the adaptation signature methodology, case study wé&rwas carried

out for the Tana River Basin. Cost estimates based on the signature were derived
using an adapted version of the Water Evaluation And Planning (WEAP) model
(Droogers et al., 2009). Model results were discussed in the context of current
Water Sector Board (WSB) development plans for the upper Tana Basin, and
recommendations made for robust adaptation options below cost.
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Background of Tana River Basin

The Tana River Basin performs water regulation functions of critical importance

totheKAT UAT AATTTiTU AT A AAOGAI T pi AT O8 4EA &I O
Al OAOET ¢ - 08 +ATUA DPOT OEAAO OEA OI OOAA T £
power the Seven Forks hydroelectric cascade, powering Kenya with over 70% of

its domestic electricity, and provilE 1 ¢ OEA | AET OEOQU | £ . AEOT AE¢

accounting for 15.9% of basin abstractions (NWDR, 2006).

Although of historically good water quality, high rates of siltation from poor land
management in the upper catchment, over abstraction for irrigation, agultural
pollution and municipal sewage contamination have degraded the river. Water
distribution in the basin is also not even, leaving some areas very dry and

Al AOGOEZEAA AO DAOO-arid @ndsvwherdodrdlic ovaravetdy AT A OAT |
access hagrupted in recent years (Kenya State of the Environment Report,
2006/7). According to the Tana Water Services Board (WSB), an estimated 20%
of the population has access to sustainable and safe water (Kenya SIP, 2009).
Up-stream water management and abstction have also led to the reduced
productivity of downstream agriculture, pastoral and fishing operations as

annual flooding events and water quality are reduced, and fish can no longer
move freely through the upper and middle reaches of the river (NWDR0O06).

While water resource management issues arguably dominate external influences
on the basin, flood and drought events, namely El Nino and La Nina related, have
also resulted in significant physical impacts and economic losse§dble 18).

Table 18. Primary water resource challenges and associated impacts for the
Tana Basin, derived from NWDR, 2006 and World Bank, 2006.

Issue Description Major socio-economic costs
Floods El Nino events, e.g. | Dams and pans damaged from flood events
1998 resulted in costs estimated around Ksh 63
million.

Storm damage due to El Nino affected food
distribution in areas where roads were flooded,
damaged, or washd away (notably the Tana
River)

Droughts 1999/2000 (La Hydroelectric power reductions of 41% from
Nina events) 2009 | 3,062.5 GWh in 1999 to 1,793.8 GWh in 2000

Water and hydroelectricity shortages (2009)

Resource Siltation from Uncertain loss in Masinga Dam storage volume
degradation catchment but sedimentation ratesmuch greater (10
degradation million tons/yr) than des ign capacity of 3

million tons/yr

Over-abstraction Over-abstraction for irrigation purposes, e.g.
Marunga River
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Adaptation signature: Tana River Basin
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and management issues, an adaptation signature was developed to explore the
performance of interventions across scenario climate futuresTfable 19).

Table 19. Adaptation signature for Tana River Basin
Source SEI, 2009.

Strategy Level of Actions Regional actors
action (Private/public)
Demand-side 1-3 1 Improved irrigation efficiency 1T PP
management 1 Improved urban water consumption 1T PIP
Supply-side 1-3 1 Domestic water harvesting 1T P/IP
management 1 Increased reservoir storage capacity | 1 Public
Ecosystem 1-3 1 Erosion control sustainable land 1 P/IP
protection management techniques
1 Improved rain-fed agriculture water 1T PP

use
Monitoring 3 1 Rehabilitate hydrometric station 1 Public

network
Risk 3 1 Early warning system(flood, drought) | 1 Public
reduction 1 Disaste risk and flood plains policies | 1 Public
policies

In light of growing demand from irrigated and rain-fed agriculture and urban
areas, these are recommendable actions in the context of current development
needs (Kenya SIP, 2009). Demand and supgide manayement and ecosystem
protection interventions were selected as they simultaneously increase resource
availability, efficiency, and sustainability. As climate risk coping strategies, these
considerations, in addition to improved monitoring networks and rik reduction
policies, are considered robust actions in light of current flood and drought
impacts! Given the considerable range in scenario projections of future climate
change for this subregion of Kenya, it is important to plan for both extremes in
the short term (Figure 25).

Figure 25. Projected total monthly precipitation anomaly for Meru station in the
Tana River Basin from 9 statistically downscaled global climate models for the
2045-65 period. Climate Change Explorer Tool, Climate Systemsalysis Group
and SEI, 2009.
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Levels of actions in the signature typology varied, due to the broad range of
potential project or program approaches for implementing the five signature
options across private (households, water service providers, NGOs, gtand
public (GoK, DPs) actors. Levels 1 and 2, undertaken by individuals and
households, and level 3 actions requiring institutional or outside support are

considered the most likely in the neatterm. Institutional change (level 4) might

be considered br the medium to longterm future as adaptation needs increase.

The individual and combined performance of the adaptation strategies was
explored using the WEAP model, based on the demand and supply management,

and ecosystem protection interventions. Mnitoring and risk reduction policies

could not be captured by the modeling technique, however, for the latter,

scenario testing is recommended for future work. The primary measure to text
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importance of other market and normarket costs is recognized.
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WEAP model case study

Setting up model

The basis for theupdated version of theWEAP model is the catchment approach.
The Upper and Middle Tana basin (up to the proposed locatiof the Fourth-
Fork dam) have been divided into nine catchmentsHjgure 26). Each catchment

provides water resources through a rainfalrunoff process. These catchments

are similar to the delineation used by the Kenyan Ministry of Water and

Irrigation and the Tana Water Resources Management Authority (WRMA). A

screenshot of the updated model can be seenkigure 17.

For each Catchment the most important characteristics included are:

1 Total area in ha
1 Land cover in percentage for:

o

O O O0OO0Oo

(0]

Forest

Agriculture rainfed
Coffee

Tea

Irrigated agriculture
Rangeland

Open water

9 Land cover characteristics

0
0

Crop coefficient
Effective precipitation

 Climate

0]
(0]

Other important features included in the model are:

Precipitation
Potential evapotranspiration
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T Towns
o Population
o Water requirements
o Water return flows
i Reservoirs
0 Storage capacity
o Hydropower generation
o Cost/ benefit hydropower

A detailed description of the value of each of these variables has been included in
the Appendix.

With this setup the WEAP mdel can be used as an integrated framework
including water supply, water demand and hydropower cost/benefit analysis.

0 125 25 50 Km
S S ST Y N

Tana Basin, Kenya

Figure 26 . Upper Tanacatchments.
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Figure 17. Overview of the newly developed WEAP model.

Calibration ard validation of model

Observed and simulated inflows into the Masinga Reservoir are plotted Figure
28. Based on this figure it can be concluded that the model is performing very
well in simulating streamflow. Observed annual average inflow into Masinga
2131 MCM over these five years, while simulated inflow is 2189 MCM.

For the five main reservoirs in the area observed outflows were available and
were compared with simulated ones20 indicates that simulated outflows from
the five reservoirs match reasonable well the observed ones for the years 2001
to 2004. For the years 2002 and 2003 simulated outflows are slightly higher than
observed ones. The main reas@for this are two peak runoff events Figure 29)
for Kindaruma Reservoir. It is not completey clear what the reason for this
mismatch is. Rainfall might be incorrect, but given the correct simulation of
inflow into Masinga (Figure 28) this is unlikely. Given the fact that in WEAP
rainfall -runoff processes are conceptual defined rather than physal, this might
cause some errors. However, for most other months the model is performing
very well. Another explanation might be that observations on outflow of the
reservoirs do not include flows over the spilway. In many reservoirs only water
through the turbines is monitored and spillway flows are often not monitored or
recorded (This argument is confirmed when comparing with the recorded and
simulated hydropower generation, see hereafter).
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A last validation of the model performance is done by compiag reported
hydropower generation to simulated hydropower by WEAP Figure 30). It is
surprising how close these two are if one considers the many factors that
determine hydropower generation such as: discharge, rating characteristics,
minimum and maximumturbine flow, tailwater elevation, plant factor, etc.

Obviously, further calibration/validation could be performed to increase the
accuracy of the model within the range of limitations given the conceptual nature
of WEAP. However, based on the various mparisons between observed and
simulated data as presented here, it can be concluded that the model is
performing very well and can be used to undertake scenario analysis. Moreover,
in the context of scenario analysis one should realize that relative ac@aay of
models is more important than absolute accuracy (Droogers et al. 2008).

Table 20. Observed and simulated outflows for the main reservoirs in Tana
Basin.

OUTFLOW MCM MCM
Masinga Observed Simulated
2001 1012 924
2002 2031 2561
2003 2909 3447
2004 1892 1709
Kamburu
2001 1438 1395
2002 2804 3521
2003 3619 4381
2004 2247 1891
Gitaru
2001 1530 1382
2002 2888 3518
2003 3576 4386
2004 2151 1892
Kindaruma
2001 1366 1370
2002 2688 3514
2003 3336 4391
2004 2157 1893
Kiambere
2001 1283 1564
2002 3101 4479
2003 3754 5593
2004 2436 2425
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Figure 28. Observed and simulated inflow in Masinga Reservoir.
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WEAP model projections and Scenarios

Framing

The main reason to apply models is their ability to explore different scenarios.
These scenarios can capture aspects that cannot directly be influenced, such as
population growth and climate change (Drooges and Aerts, 2005). These are
often referred to as projections. Contrary to this are the adaptation measures (or
management scenarios or interventions) where water managers and policy
makers can make decisions that will have a direct impact. Examples atganges
in reservoir operation rules, water allocation between sectors, investment in
infrastructure such as water treatment or desalinization plants, and
agricultural/irrigation practices. In other words: models enable to change focus
from a re-active towards a pro-active approach Figure 31).

The sacalled robust decision making (RDM) process to support policy making
has been advocated recentlySE| 2009). In the context of this study it was
selected to explore a limited set of adaptation strategiesa8ed on two climate
change projections. The developed model can be used subsequently in a RDM
process, or, given the strength of WEAP, in an interactive stakeholder setting.
The latter can be performed easily as scenario analysis in WEAP can be
performed on the fly.

Figure 31. The concept of using simulation models in scenario analysis
Droogers and Perry, 2008.

Climate change scenarios

For this specific project climate projections are derived from the Climate Change
Explorer (http:/wikiadapt.org/index.php?title=The Climate Change Explorer Tool ).
Projections for the period 20452065 in minimum temperature, maximum
temperature and precipitation for the station Meruhave been used to correct the
model meteorological input. Projections were extracted for the following nine
GCMs:

1 cccma_cgem3_1€Canadian Centre for Climate Modeling and Analysis, the

third generation coupled global climate model (CGCM3.1 Model, T47).
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