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EXECUTIVE SUMMARY  

Country context  

Kenya’s low freshwater endowment of 526 m3 per capita per year puts it in the bottom eight percent of 
countries globally. The country is characterized by significant geographical disparities in water 
availability and use. Over 80 percent of Kenya’s area is arid or semi-arid where a reliable supply of water 
is the limiting factor for economic development. Rapid increases in water demand are driven by 
population growth, economic growth, and urbanization.  The increasing water stress also results in 
growing competition and conflicts over available water, as outlined in the Government of Kenya’s (GOK) 
economic development and poverty reduction plan, Vision 2030.   
 
Lack of water security causes economic losses and constrains growth potential.  Water is a prerequisite 
for economic production and human development. Securing a reliable supply of water for key economic 
areas will be critical to achieving Kenya’s development plans under Vision 2030.  In 2004, the World 
Bank estimated that losses from climate variability average about 2.4 percent of GDP per year with a 
further 0.5 percent loss from water resources degradation, seriously impacting the country’s 
competitiveness.  Water security is therefore critical for Kenya’s two economic engines, Nairobi and 
Mombasa, and for the ASALs and western provinces; all of which experience significant water stress. A 
number of opportunities exist in ASALs and western provinces to increase the productive use of water 
through multipurpose water resource development. The productivity and resilience of the agricultural 
sector could be increased through a reliable supply of water; significant opportunities exist to increase 
both large-scale and small-scale irrigation.  
 
Kenya’s limited water storage capacity leaves the country vulnerable to climate and hydrologic 
variability.  Current water storage in Kenya is estimated at 103 m3 per capita, of which 100 m3 per capita 
is single-purpose storage for hydropower production only.  This means that only 3 m3 per capita of 
storage is available for water supply and other uses such as irrigated agriculture and livestock.  No major 
dams have been constructed since Ndakaini dam in the mid-1990s, which supplies water to Nairobi.  
Kenya also experiences significant hydrologic variability throughout and between years.  Without 
sufficient water storage to lessen the effects of variability, frequent and severe floods and droughts have 
devastating economic and livelihood consequences. As noted in the World Bank Country Partnership 
Strategy (2010-2013), underinvestment in water storage leaves Kenya’s economy highly dependent on 
favorable rainfall – which it cannot control – for agricultural production, electricity, and water supply.  
Increased water storage will increase the reliability of water supply and enable Kenya to harness its water 
resources in support of its economic growth agenda.  
 
Inadequate water resources infrastructure development leads to low water supply reliability and limited 
access to water.  Inadequate storage capacity to even out natural hydrologic variability, characteristic of 
Kenya, results in low water supply reliability.  In other areas where sufficient water is available, it can 
often not be accessed due to low levels of water treatment and water distribution system infrastructure 
development.  Water resources development through storage creation can help to increase water supply 
reliability, while improved water services infrastructure can help increase access. Sustainable 
groundwater development is also important, especially in the Ewaso Ng’iro Basin where surface water 
resources are very limited.  
 
Catchment degradation compounds these challenges by increasing the intensity of flooding and 
reducing water storage capacity through reservoir sedimentation. Kenya’s “water towers,” which generate 
most of the country’s runoff, are degraded due to poor land use practices, deforestation, encroachment on 
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recharge areas, and pollution.  Catchment degradation increases Kenya’s vulnerability to hydrologic 
variability.  Investments in storage must be accompanied by improvements in water service delivery and 
catchment protection.  
 

Study Objectives and Methodology 

The objective of this study was to advance the process of prioritizing water storage investments that 
could reduce water stress in economically important areas. The specific objectives of the study were to 
(i) outline a comprehensive framework for screening of potential storage sites; (ii) identify important 
water stressed areas through an updated water balance; (iii) assess alternative multipurpose water storage 
projects through physical, hydrological and economic criteria; and (iv) analyze institutional and financing 
aspects of water resources development in Kenya to identify capacity and knowledge inadequacies.  The 
study focused on identifying viable surface water storage projects to increase water supply reliability and 
mitigate the effects of common multi-year droughts. No new estimates of groundwater resources were 
made, though they were considered in quantifying overall water availability.  The scope of the study was 
limited to an initial screening of infrastructure options that will increase the reliability of water supply. 
The state of water service delivery was not assessed as it was outside the scope of this study.   
 
Assessment of investments requires identification of water stressed regions and priority growth areas 
identified in Kenya Vision 2030.  The study identified water-stressed areas using new estimates of water 
requirements and water availability on a subcatchment basis.  The water requirement estimates include 
additional amounts of water necessary to support GOK’s sectoral growth plans.  The water balance was 
calculated by subtracting the sectoral water requirements from the effective yield in each subcatchment.   
 
A reliability-based approach to water resources assessment was implemented to recognize the impact of 
the high hydrologic variability characteristic of Kenya. Estimates of Kenya’s water resources vary. The 
best existing estimates are from the National Water Master Plan, prepared by JICA in 1992, amounting to 
an annual average of 29.9 BCM of renewable surface water and 0.62 BCM per year of renewable 
groundwater.  Through this study, new estimates of Kenya’s surface water yields were made at different 
levels of reliability. The definition of yield, as used in this study, is the volume of surface water that can 
annually be abstracted at a specified reliability. Based on this approach, in the absence of development 
and after accounting for environmental flow requirements, it has been estimated that only 7.6 BCM and 
3.5 BCM of surface water per year are available at 80 percent and 90 percent reliabilities, respectively. 
 
This study also updated the sectoral water requirements on a subcatchment basis for 2010 and 2030.  
Water-consuming sectors for which water requirements were estimated include irrigated agriculture, 
domestic use, industry, commerce, and livestock. The analysis results compare current and future water 
use for each sector and each geographic area. Future water requirements were estimated considering the 
national development plans in Vision 2030.  
 
The results of the water balance analysis show that significant regional water deficits exist in spite of 
the fact that Kenya on average is not water stressed. A spatial mismatch exists between water needs and 
reliable water supply.  Water stressed areas were identified by examining on a subcatchment basis the 
difference between water needs and water availability.  Water was allocated to different sectors at 
differing reliabilities.  Ninety percent reliability was used for urban (domestic, industrial, and 
commercial) and livestock demands, while 80 percent reliability was used for irrigation.  Subcatchments 
with overall deficits (requirements exceed the availability) were defined as water stressed areas and 
ranked accordingly.  The water balance analysis results indicate that 31 percent of the sub-catchments 
currently experience water stress; increasing to 43 percent of sub-catchments by 2030. Sub-catchments 
with the most urgent water resources development needs were selected based on their potential to 
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contribute to important national economic growth and poverty reduction goals. Nairobi, Mombasa, Embu, 
Nyeri, and Kisumu are under significant levels of water stress, while many other ASAL catchments have 
lower levels of water stress.   
 
Kenya can increase the reliability of water supply for critical growth areas through new investments in 
water storage.  Surface water flows in Kenya are naturally variable. Such variability may increase in the 
future due to the impacts of climate change. By developing new dams to provide inter-annual surface 
water storage, Kenya can better protect itself against the adverse effects of hydrologic variability and 
increase the reliable supply of water for all uses. Kenya needs investment in water resources infrastructure 
for Nairobi and the Coast to increase water supply reliability for domestic consumption and economic 
growth. Similar investment in Western Kenya will provide reliable water supplies for irrigation, livestock 
and urban use, add value to flood control efforts and concurrently contribute to poverty reduction and 
improved food security.  Such investments could compliment ongoing and planned improvements in 
urban water supply and sanitation provision, natural resources management and rural development as has 
been successfully done in other countries in the region.  
 

Water Storage Investments: Preliminary Results and Recommendations 

Physical, hydrological, and economic criteria provided some insight into the viability of potential 
storage investments. The study assessed the storage-yield-reliability characteristics of 225 dams 
originally identified in the 1992 National Water Master Plan. To develop a short-list of candidate dams 
for further analysis, a number of physical, hydrologic and economic criteria were used for preliminary 
screening. The criteria used included the distance from the dam site to important water stressed areas; the 
reliable yield from the storage; estimated benefits from the storage for each sector, including urban water 
supply, livestock, and irrigation; estimated capital costs of the dam and associated infrastructure for water 
conveyance or irrigation; and the sensitivity of the reservoir to climate or cost variability. GOK’s priority 
dam sites under Vision 2030 were also considered.  The results are considered partial due to the fact that 
it was not possible to apply all criteria (specifically, environmental, social, etc.) in the assessment and 
screening of the previously identified sites by the GOK.   
 
This study has identified 30 short-listed single- and multi-purpose storage sites using the partial 
screening criteria.  These sites could provide 5.6 billion m3 of storage and 5.2 billion m3 of yield per year 
at 90 percent reliability. In addition to providing urban water supply and water for livestock, this storage-
yield level has the potential for around 100,000 ha of new large-scale irrigation development, which 
would more than double the existing irrigated area of 123,000 ha. The total construction budget 
requirement for these sites is estimated at US$ 3.07 billion. Additional studies would be needed to 
comprehensively conduct detailed assessments of project feasibility, including environmental and social 
aspects, as well as a more accurate accounting of project costs and benefits.  Through consultations with 
the GOK and subsequent detailed studies, the list of potential storage sites should be screened using the 
full set of criteria for prioritization of suitable sites.  The current short list of sites should be further 
revised to reflect any addition or deletions resulting from a fuller screening according to the framework 
outlined in this report 
 
An assessment of irrigation development potential linked to each new site was carried out by the 
International Food Policy Research Institute (IFPRI) as part of this study.  For sites with irrigation 
potential, the results of the assessment were included as an additional multipurpose benefit in the cost-
benefit analysis and the costs were included in the total capital costs. Beyond storage-based large-scale 
irrigation, the IFPRI effort also considered water harvesting to support the development of small-scale 
irrigation; the potential for which at a medium investment level is estimated at 74,000 ha.  By adding the 
large-scale and small-scale potential, this study assessed overall irrigation potential in Kenya as 234,000 
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ha.  Though this is substantial compared to the current area under irrigation, it is significantly lower than 
the GOK’s goal to irrigate as much as 1 million ha, indicated in Vision 2030.  Reasons for the disparity 
could be attributed to the incorporation of a reliability factor for rain-fed agriculture, and the use of strong 
economic criteria to assess the investments rather than just biophysical potential.  
 
An action plan for new water storage development must include detailed investment planning, 
institutional coordination, identification of new financing mechanisms, and improved water resources 
and catchment management. This study was intended to be a rapid screening of investments rather than a 
detailed guide for implementation.  Detailed studies of possible new dams and other water resources 
development options are already ongoing for Nairobi and the Coast with World Bank and AFD funding; 
this master planning process is intended to move towards development of new sources.  Likewise, studies 
for potential flood control and multipurpose dams in Western Kenya are ongoing under a World Bank 
project.  Other planning studies would need to be initiated in other areas of the country.  
 
The institutional arrangements for water resources development in Kenya are not straightforward and 
involve many actors.  The relative capacities of Kenya’s institutions vary, as do current levels of 
investment.  New water resources development must involve all of these stakeholders, and address critical 
water resources management and catchment management issues. An inter-ministerial coordination 
mechanism for the water sector has been proposed by the Water Sector Strategic Plan (WSSP 2010); a 
specific mechanism for water resources development is also needed.  
 
Kenya lacks one ministry or agency with responsibility for coordinating basin-wide planning for water 
resources development.  As the regulator for water resources, it is recommended that the Water 
Resources Management Authority (WRMA) take on this role.  As the regulator, WRMA must have the 
ability to analyze proposed water consuming projects in light of their cumulative impacts on each basin. 
In order to do so, WRMA must strengthen its capacity for water resources monitoring, assessment, and 
development planning.  Water resources information systems could also be strengthened. These can be 
further considered and reflected in ongoing legal review of the Water Act.  
 
Sustainable management of infrastructure will require new procedures as well as comprehensive 
investments in catchment management.  Conservation of upper catchments is necessary to reverse 
downstream water quantity and quality problems, notably sedimentation of reservoirs and pollution 
issues. New guidelines on operation and maintenance of reservoirs could be used to rehabilitate existing 
water resources investments and sustain new ones.  
 
With a comprehensive water resources development program, Kenya can move towards water security 
to unlock its development potential.  Although climate variability currently has devastating impacts on 
GDP, new water storage can enhance resilience to the shocks of droughts and floods.  Since the main 
economic growth areas of Nairobi and the Coast are highly water stressed, new water sources for these 
areas is necessary to meet GOK’s development plans. Western Kenya and ASAL also needs water for 
cities, irrigation and livestock in order to address poverty reduction and food security.  Given the 
tremendous financing needs to significantly increase water storage, financing discussions are needed with 
Development Partners, as well as clear mechanisms for engaging the private sector. 
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CHAPTER 1  INTRODUCTION 

 
 

1.1 Country context 

Kenya is emerging from a strong, but uneven, decade of growth.  Annual growth rates from 2000 to 
2009 averaged 3.9 percent, an increase from the previous decade’s average of 2.3 percent.  Tourism, 
agriculture, industry and services were main drivers of growth, which continued to gather momentum 
until the elections of 2007.  The post-election violence that followed interrupted trade flows and markedly 
decreased tourism throughout 2008.  This combined with a severe drought that started in 2007, the global 
financial crisis, and high food and fuel prices resulted in a dramatic decline in the country’s economic 
performance and a negative per capita growth rate in 2008.  
 
The economy has demonstrated some resilience to these shocks, but is dependent on water security for 
sustained economic growth.  The 2009 GDP growth rate reached 2.6 percent and is predicted at 4 percent 
for 2010, resulting in positive per capita GDP growth.  Kenya’s strong services sector, together with 
industry, is expected to drive continued recovery and growth.  As the country emerges from a multi-year 
drought (2007-2009), greater water security is important for the recovery of the agricultural sector and 
greater reliability of electricity.  Building on a sound macroeconomic foundation, strong private and 
financial sectors, and a skilled workforce, Kenya has an opportunity to make progress towards its 
development goals in the next decade.  
 
Strong economic growth will rely on the Government’s ability to address critical infrastructure needs and 
environmental challenges.  Investments in infrastructure are needed to reduce power shortages, to reduce 
water supply shortages in urban and rural areas, to improve food security through investments in 
irrigation and drainage.  Key environmental threats include unsustainable water abstractions, poor land 
use practices, deforestation, encroachment on recharge areas, invasive species such as water hyacinth, and 
pollution, which have led to degradation of many critical watersheds.  These issues have compromised 
water quantity, quality, and ecosystem functions. 
 

Achieving water security is crucial to Kenya’s sustained economic development. Kenya has low freshwater 
endowments and low levels of water resources development. Rapid increases in demand are being driven by 
population growth, economic growth, and urbanization.  Worsening this issue, Kenya has significantly 
underinvested in water infrastructure and is experiencing severe catchment degradation, eroding its natural 
buffering capacity and leaving it vulnerable to climate variability. 
 
This chapter describes the Kenyan country context and water sector context, as well as the objectives and 
methodology of this study. The objective of this study was to advance the process of prioritizing water storage 
investments that could reduce water stress in economically important areas. The study assessed Kenya’s water 
balance, or sectoral requirements against water availability, and identified areas where water is or is predicted 
to become a constraint to achieving development goals.  The study focused on identifying viable surface water 
storage projects to increase water supply reliability and mitigate the effects of Kenya’s common multi-year 
droughts. No new estimates of groundwater resources were made, though they were considered in quantifying 
overall water availability.  The scope of the study was limited to an initial screening of infrastructure options 
that will increase the reliability of water supply. The state of water service delivery was not assessed as it was 
outside the scope of this study.   



  June 30, 2011 

2 

Kenya’s economy depends heavily on Nairobi and Mombasa, but poverty remains high in rural areas. 
Nairobi accounts for 50 percent of Kenya’s GDP, while the Coast (anchored around Mombasa) 
contributes 70 percent of Kenya’s successful tourism sector.  Due to high inequality, however, sustained 
growth in these urban areas has not translated into broad poverty reduction across the country.  A 2005 
survey found that while the urban headcount poverty rate is 34 percent, the rural poverty rate remains 
high at 50 percent, for a national average of 47 percent (KNBS 2007).  Access to infrastructure and 
services remains highly unequal.  Achieving broad poverty reduction will require investments in basic 
services such as health, education, environment, electricity, food security, and water and sanitation both 
in urban and rural areas. 
 
The Kenyan Government released its framework for making Kenya a middle-income country by 2030, 
called Vision 2030, which emphasizes water security.   Vision 2030 has three pillars to ensure growth 
and stability: economic, social, and political.  Vision 2030 recognizes the importance of achieving water 
security as a cross-cutting issue affecting all pillars. Interventions under the economic pillar are focused 
on the tourism, agriculture, manufacturing, and trade sectors, and aim to achieve 10 percent GDP growth 
every year between 2012 and 2030.  The social pillar focuses on expanding access to education, 
healthcare, and water and sanitation while improving environmental health and housing.  The social pillar 
gives special attention to vulnerable groups, including people living in arid or semi-arid lands (ASALs), 
and has the overall goal of reducing poverty to between 37 and 43 percent and increasing the annual per 
capita income above US$ 3,000 by the target year of 2030. The political pillar recognizes that many 
conflicts in rural Kenya tend to be resource-based with a bias towards shared water resources (Republic of 
Kenya 2007).   
 

1.2 Water and development  

The World Bank Country Partnership Strategy for Kenya (2010-2013) highlights Kenya’s vulnerability 
to climate variability and water insecurity.  The CPS aims to support the implementation of the Vision 
2030 Medium-Term Plan for 2008-2012.  The three pillars of the Bank’s CPS are (i) unleashing Kenya’s 
growth potential, (ii) reducing inequality and social exclusion, and (iii) addressing resource constraints 
and environmental challenges.  Water is a cross-cutting issue that can contribute to the achievement of all 
three pillars through increased access to water and sanitation, expansion of irrigation, and a concerted 
effort to improve water resources management and development towards achieving water security.   

1.2.1 Low freshwater endowment and environmental degradation decrease competitiveness 
 
Kenya is a water scarce country with low water resources development. Estimates of the country’s fresh 
surface water resources vary from 17.2 to 29.9 billion m3 and the safe groundwater yield is generally 
believed to amount to about 0.62 billion m3, putting it in the bottom eight percent of countries globally at 
about 526 m3 of fresh water per capita per year (Figure 1). Kenya has significantly underinvested in water 
storage, and existing storage capacity has not been adequately maintained, leading to further storage 
reduction through reservoir siltation and other factors. In addition to limited water endowments, high 
inter-annual and intra-annual rainfall variability results in frequent and severe droughts and floods, 
negatively affecting the country’s economic performance.  
 
The achievement of Kenya’s development objectives on food security and economic growth 
increasingly depends on the ability of the country to address climate risks and water scarcity. Water is a 
productive input into agriculture, industries, and energy and tourism, so increasing physical water scarcity 
and high hydrological variability cause negatively impact their performance.  Water scarcity and 
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variability are worsened by inadequate water resources infrastructure and management.  These factors 
undermine Kenya’s efforts towards achieving its economic recovery and development goals.  
 
Figure 1. Total renewable freshwater per capita for selected countries 

  
Source: Food and Agriculture Organization 2010 
 
Significant geographical disparities exist in water availability and use, which undermine development. 
Western Kenya and the Central Highlands have abundant water resources, while 80 percent of the country 
is comprised of arid or semi-arid lands (ASALs).  The high percentage of ASALs in Kenya is an acute 
indicator of water as a limiting resource in large parts of the country with a significant impact on 
livelihoods, including agriculture and livestock. The increasing water scarcity results in decreasing water 
supplies, growing competition and potential conflicts over available water. This threatens the 
implementation of Vision 2030, which is based on projections of rapid economic growth and 
urbanization, both of which require increased inputs of water. A further complicating factor is that around 
54 percent of Kenya’s water resources are shared with neighboring countries.  
 
Figure 2. Drainage area, mean annual runoff, and population in Kenya’s five catchments (shown as 
percentage of total) 

 
Source: Drainage area and mean annual flow data from MWI 2009; population data extrapolated from 1999 census 
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Over allocation of water, watershed degradation, encroachment of recharge areas and wetlands, invasive 
species and increasing pollution are key environmental threats to the water resources base and existing 
infrastructure.  Deforestation and encroachment in the five mountainous areas from which all major river 
originate, termed “Kenya’s water towers,” has led to high sediment loads in rivers.  This has caused 
siltation of water infrastructure and disruption of the natural functioning of lakes and wetlands.  Degraded 
catchments also result in intensified flood risk for the downstream communities, causing considerable 
economic losses. Lack of effective pollution control and water hyacinth (in Lake Victoria) compromise 
the quality of water, posing potential health hazards, increasing treatment and maintenance costs, and 
adversely affecting aquatic ecosystems.  

1.2.2 High hydrologic variability causes economic losses 
 
High inter-annual and intra-annual rainfall variability results in frequent and severe droughts and 
floods, negatively affecting the country’s economic performance. Agriculture and animal husbandry, 
which together account for 28 percent of Kenya’s national GDP and employ 70 per cent of the total 
population, are particularly sensitive to climatic variations and have been adversely affected by the 
frequent occurrence of water shocks in recent years.  
 
The climate variability negatively impacts national GDP and human development.  The World Bank 
estimated in 2004 that the losses from climate variability average about 2.4 percent of GDP per year with 
a further 0.5 percent loss from water resources degradation, constituting a serious impact on the country’s 
competitiveness.  For example, during the back-to-back floods (1997-98) drought (1998-2000) between 
1997 and 2000, the World Bank estimated that water-related events caused GDP losses of 11 percent, 16 
percent, and 16 percent, respectively, for each of the three years.  Based on the GDP in those years, this is 
equivalent to an almost US$ 5 billion loss over those three years.  Consequences included widespread 
famine as a result of severely depressed food production with millions of people in need of food aid, load 
shedding and extensive power rationing as a result of a near-halving of hydropower generation, and a 
decline in economic activities of all sectors (World Bank 2004a).  The recent drought from 2007-2009 left 
Nairobi without water for a period of three weeks in November 2009. Future growth will be dependent on 
better controlling existing hydrological variability, and putting in place policies and infrastructure to 
hedge against future climate uncertainty.  
 
Figure 3. GDP growth and rainfall in Kenya 

 
Source: UNESCO 2006 
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1.2.3 Increased water storage will increase reliability and resilience 
 
Kenya’s economy is vulnerable to hydrologic variability as a result of low storage for all uses. Kenya 
has significantly underinvested in water storage, as can be seen from the per capita water storage figures 
below, and existing storage capacity has not been adequately maintained, leading to further storage 
reduction through reservoir siltation and other factors. Lack of storage leaves Kenya’s economy highly 
dependent on favorable rainfall for agricultural production, power generation, and water supply, which in 
turn drives manufacturing and provides services for tourism.  The country is left vulnerable to recurrent 
floods and droughts, which could become more frequent and intense under a changing climate.  
 
Figure 4.  Water storage per capita in selected countries 

 
Source: FAO-AQUASTAT 2008 
 
Kenya’s total water storage capacity is 4.1 billion m3, or 103 m3 per capita, which is very low. A 
comparison of this to other countries in the world can be seen in Figure 4.  Kenya has only eight major 
water supply storage dams and six hydroelectric power facilities. The total capacity of the major water 
supply storage dams is about 95 MCM, and that of the hydroelectric power dams is about 3,976 MCM. 
Another 47 relatively large non-hydroelectric dams and 3,000 small dams and water pans add more 
storage capacity. GOK recently estimated the total storage volume of all non-hydroelectric dams and pans 
in Kenya at about 124 MCM.  The current per capita storage volume for water supply for a population of 
39.8 million is about 3.1 m3 per capita, as can be seen in Table 1. This is significantly lower than the per 
capita storage volume in developed countries. 
 
Kenya experiences water shortages on a regular basis due to inadequate water resource infrastructure 
development. Although enough water is on average available to supply in Kenya’s needs, lack of 
development leads to water scarcity. Water scarcity will increase due to the effects of climate change. The 
increased hydrologic variability associated with climate change will reduce the reliability of water supply 
in the absence of development. Increased hydrologic variability will require even larger reservoir volumes 
to improve Kenya’s reliability of water supply.  
 
Worldwide, there is a clear trend between a country’s Human Development Index (HDI) and per capita 
water storage.  Water storage in countries with a high HDI (greater than 0.85) tends to be in the range of 
2,500 and 3,000 m3 per capita. Countries with HDI of 0.55 tend to have has a storage of about 173 m3 per 
capita. Kenya, with a HDI of 0.47 in 2010, has a per capita storage of 103 m3, which is exceptionally low 
(UNDP 2009).  
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Table 1. Major water supply and hydropower dams in Kenya 

Dam Main Purpose Year Built Dam Height (m) Capacity (MCM) 
Ruiru Water supply  1949 23 2.98 
Sasumua Water supply  1956 45 13.25 
Kikoneni Water supply  1981 16 1.26 
Mulima Water supply  1982 17 0.28 
Chemeron Water supply  1984 31 4.60 
Manooni Water supply  1987 16 0.41 
Ellegirini Water supply  1987 24 2.00 
Ndakaini (Thika) Water supply  1993 63 70.00 

 Additional GOK estimate 29 
Sub-total: Water supply 124 

Kindaruma Hydropower 1968 24 16 
Kamburu Hydropower 1974 56 150 
Gitaru Hydropower 1978 30 20 
Masinga Hydropower 1980 70 1,560 
Kiambere Hydropower 1987 112 585 
Turkwel Hydropower 1991 155 1,645 

Sub-total: Hydropower  3,976 
Total: Kenya’s Water Storage  4,100 
 
The underdevelopment of water resources infrastructure has kept much of Kenya’s rural population 
vulnerable to the impacts of natural floods and droughts. This includes Western Kenya where many 
people are living in low lying flood prone areas, and the ASALs.  Western Kenya and the ASALs are 
home to some of the highest poverty rates in the country and bear the brunt of the adverse impacts of 
these natural disasters. Agriculture and animal husbandry are particularly sensitive to climatic variations 
and have been adversely affected by the frequent occurrence of water shocks in recent years.   
 
Figure 5. Arid and semi-arid lands, flood prone areas, and headcount poverty incidence 
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Source: Poverty information from the National Household Budget Survey, KNBS 2006. ASAL districts from World 
Bank. Flood information from UNEP 2009. 
 
Kenya needs increased investment in water resources development. A sound water sector requires 
balanced development of both institutions and infrastructure.  In Kenya, the water sector reforms set in 
motion by the 2002 Water Act have addressed many institutional issues, though water resources 
management capabilities can still be strengthened.  Infrastructure development has not kept pace.  Water 
resources development and a stronger focus on catchment management have great potential to reduce 
Kenya’s water vulnerability.  To guide infrastructure development, GOK developed a draft National 
Water Harvesting and Storage Management Policy in 2010, along with preliminary lists of potential 
investments. This study is meant to provide analysis to inform further investment screening. Successful 
implementation of these plans will largely depend on the availability of adequate financial resources as 
well the ability of the government to overcome the existing ambiguities in the institutional responsibilities 
in planning and implementation of water resources investments. 
 

1.3 Objectives of this study 

The objective of this study was to advance the process of prioritizing water storage investments that 
could reduce water stress in economically important areas. The results of the study are intended to 
inform sequencing of water resources development investments, and will provide an analytical foundation 
for further dialogue between GOK and the Bank on future assistance in the water resources sector. The 
study is well-aligned with CPS and Vision 2030, and the Ministry of Water and Irrigation’s (MWI) 
policies and strategic plans.  This study is included in the CPS as supporting the third pillar, 
environmental sustainability, but in reality could have much broader impacts on water supply, irrigation, 
power, and industry through new infrastructure development.   
 
The specific objectives of the study were to (i) outline a comprehensive framework for screening of 
potential storage sites; (ii) identify important water stressed areas through an updated water balance; (iii) 
assess alternative multipurpose water storage projects through physical, hydrological and economic 
criteria; and (iv) analyze institutional and financing aspects of water resources development in Kenya to 
identify capacity and knowledge inadequacies.  The study focused on identifying viable surface water 
storage projects to increase water supply reliability and mitigate the effects of common multi-year 
droughts. No new estimates of groundwater resources were made, though they were considered in 
quantifying overall water availability.  The scope of the study was limited to an initial screening of 
infrastructure options that will increase the reliability of water supply. The state of water service delivery 
was not assessed as it was outside the scope of this study.  In this regard, this work is intended to be one 
of many studies and projects that will inform an eventual Bank lending program in the water resources 
sector, rather than a single, definitive guide for investment planning. 
 
The study used a geospatial approach, noting that water scarcity is highly time- and place- specific.  As 
such, the use of geospatial tools and analysis was a pivotal element of the study. A GIS database was built 
for the analysis, containing the dam sites identified in the 1992 National Water Master Plan (JICA 1992)1

                                                      
1 At the request of the Government, JICA is finalizing the program for updating the 1992 National Water Master 
Plan, which is expected to be undertaken between 2010 and 2012.  

, 
and relating it to gauged hydrologic data, rainfall and evaporation and social- economic data.  The GIS-
based approach allowed spatial visualization and interpretation of data to reveal trends.  The dams were 
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screened based on geographic, hydrologic, and economic criteria.  A cost-benefit model was used to 
evaluate potential benefits and costs. 
 
To complete the water balance assessment, this study made revised estimates of reliable yields and water 
use requirements for each subcatchment.  The requirements taken against the yields resulted in the 
calculation of water deficits for some subcatchments.  Kenya’s development plans were analyzed in 
relation to the subcatchments in deficit, resulting in the identification of the most economically significant 
water stressed areas. 
 

1.4 Approach  

For Kenya, water resources development presents an opportunity to sustainably use water for productive 
purposes that support economic growth and poverty reduction. Though there are many water resources 
development options available to Kenya, this study focused on the construction of new reservoirs to 
improve reliability of raw water supply for domestic, industrial, commercial, and agricultural uses.  This 
study has multiple reasons for adopting a surface water storage-based approach. Foremost is the great 
undeveloped potential for surface water development in Kenya. Except for a few hydropower dams, high 
potential storage sites have not been developed for water supply.  Development of water storage can also 
provide much-needed increases in surface water reliability by mitigating Kenya’s naturally high 
hydrological variability.   
 
Among other water resources development opportunities is groundwater development.  Though 
groundwater resources are undoubtedly important in a mostly arid or semi-arid country like Kenya, 
previous studies have indicated that the total safe yield seems to be limited on a national scale.  Rather 
than conduct an intensive site specific hydro-geological survey to better assess this potential, this study 
focuses on the clear need for additional surface water storage.  Similarly, though demand management 
within all water use sectors is important given the existing inefficiencies in water use, sector-specific 
issues will need to be addressed individually.  
 
The approach for this study was to advance the selection of dams that would provide additional water to 
water-stressed areas with growth or poverty reduction agendas of national importance.  To identify water 
stressed areas, this study conducted a rapid water resources assessment supported by spatial analysis. 
Then, a long list of storage sites taken from the 1992 National Water Master Plan was screened based on a 
set of hydrological, engineering and economic criteria.  
 
As a nation-wide analysis, this study was undertaken as a rapid scoping exercise. Because of the limited 
scope of the study, some important analyses for investment planning were not completed, including an 
environment and social impact assessment and a financial analysis.  Given these major limitations, the list 
of dams that this study suggests for further analysis should not be taken as a definite short-list to guide 
investment. In the next phase of investment screening, this study recommends basin-level strategic 
environmental and social assessments to guide further detailed investment plans.     
 

1.5 Methodology 

The main elements of this study’s methodology are illustrated in Figure 6.  This study began with two 
parallel tracks of analysis: one focused on the identification of priority water stressed areas, and the other 
focused on a preliminary screening of all potential storage investments.  These two tracks were merged by 
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identifying potential investments that could serve the priority water stressed areas, and additional 
investment screening based on economic and technical criteria was carried out. To be complete, the 
investment screening will still need to incorporate financial, environmental, social, and detailed technical 
analysis, none of which were carried out by this study.   

1.5.1 Assessment of sectoral water requirements 
 
An assessment of current (2010) and future (2030 and 2050) water requirements was carried out for main 
water use sectors, including domestic, commercial, institutional, industrial, livestock, and irrigation.  The 
assessment was conducted on a subcatchment basis.  
 
For irrigation, this study commissioned the International Food Policy Research Institute (IFPRI) to 
produce a detailed assessment of irrigation potential in terms of areas, crop pattern and water 
requirements. IFPRI conducted two irrigation potential studies: one for large-scale irrigation tied to new 
dam development, and one for small-scale irrigation using water harvesting techniques. IFPRI considered 
hydrological, soil and agronomic conditions, and market accessibility. IFPRI also made assumptions 
regarding irrigation efficiency in its estimates of current and future irrigation water requirements, and 
assumed improved irrigation technologies in the future case.   
 
For urban water requirements, which were assumed to include domestic, commercial, industrial, and 
institutional uses, this study assessed requirements only rather than estimating actual water consumption. 
In other words, this study did not consider unaccounted for water in transmission and distribution system. 
Underlying this is an assumption that unaccounted for water should be reduced by the urban water sector 
through improvements to transmission and distribution systems, rather than added as an additional 
requirement that would call for additional water to be supplied through new storage. Improving system 
efficiency is considered to be less expensive than constructing new water storage.  Because unaccounted 
for water was not considered by this study, however, the water deficits may be underestimated in urban 
areas, meaning that the actual water shortage in urban areas may be higher than estimated in this study.  

1.5.2 Water resources assessment 
 
This study conducted a new assessment of available surface water corresponding to various reliability 
levels, while using earlier estimates of groundwater safe yield by JICA (1992).  The sum of these two 
amounts of water provides an indication of the total amount of water available in each sub-basin. Much of 
the data used to execute this analysis was obtained from the JICA (1992) study and from the flow data 
provided by the MoWI.   
 
The amount of available surface water was estimated at the exceedance probabilities of 80 percent and 90 
percent for each sub-basin in Kenya using a statistical method known as Gould-Dincer method, whose 
results were cross-checked with JICA (1992) study results.  The statistical parameters used in this analysis 
were obtained from discharge data provided by MWI and WRMA. The analysis results provide an idea of 
the reliability of water supply from natural, undeveloped water resources – a hypothetical situation used 
to identify water-stressed areas. 
 
This study did not undertake any new field assessments of groundwater availability, but instead used the 
groundwater safe yield estimates by JICA (1992) on a sub catchment basis. The groundwater safe yield 
has been reflected in water balance calculation on sub catchment level.  
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Figure 6 Methodology of this study 
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No new analysis of other possible water supply options, including desalination, wastewater reuse, and 
aquifer storage and recovery, was undertaken by this study, though a brief overview is provided. The 
economic viability of those options should be checked at basin level master plan and feasibility level 
studies. The IFPRI study commissioned by this study  conducted a nation-wide spatial analysis of water 
harvesting potential in support of small-scale irrigation development only.     

1.5.3 Hydrology 
 
Kenya’s droughts can have devastating consequences.  This study considered new storage options in 
order to mitigate existing hydrological variability, with particular attention to mitigating droughts through 
increasing the reliability of water supply.  This study first identified water stressed areas by comparing 
water availability and current and future water requirements on a sub-catchment level. This study then 
assessed the storage-yield-reliability relationship of storage investments to increase raw water supply 
reliability and mitigate the effects of hydrological variability in the identified water stressed areas. Using 
the Gould-Dincer method, a rapid assessment technique that has been validated for arid and semi-arid 
regions, the analysis included quantification of critical drought durations that was used to quantify safe 
yield for reliabilities of 80 percent, 90 percent and 95 percent.  
 
Kenya’s floods can also be severe, but this study did not conduct an in-depth analysis of flood mitigation 
investments. Although multipurpose dams can provide flood regulation, the assessment of storage 
investments did not quantify the flood attenuation capabilities of those facilities. There are several reasons 
why it was not possible to do so under this study.  The first is that more detailed hydrological data (hourly 
and daily flood hydrograph instead of monthly) is needed for relatively small and steep basins in western 
Kenya where floods most frequently occur, and this data was not readily available.  Additionally, the 
required flood control amount (m3/s) by dams depends on the current and future downstream river 
channel capacity and other flood control measures downstream of rivers and flood plains, and this level of 
detail was outside of the scope of this study.  Similarly, the operational rule curve of dams needs to be 
checked for possibly conflicting operational needs between flood control and water storage which could 
not be done on a national scoping level, and a calculation of economic benefits through flood control by 
dams (i.e. reduced loss of life, and livestock and property losses) requires more intensive data and 
analysis. No data was readily available to develop damage curves for such an analysis.  
 
A more comprehensive study will be required when considering flood control measures. Most often, 
construction of levees or other more affordable measures are considered prior to using dams. In the next 
level of studies, a comprehensive flood management plans should be prepared considering structural 
measures (so-called hard approaches), such as levees, retarding ponds, diversion channel, and flood 
control dams, along with soft approaches, such as flood early warning systems and emergency 
preparedness procedures.  During this process, flood control potential by multipurpose dams will be 
assessed. This study did, however, execute a regional hydrologic analysis of maximum flood discharges. 
 
Reservoir sedimentation reduces the amount of storage in most reservoirs in Kenya, so it was important to 
quantify the amount of sediment in rivers that may flow into existing and planned reservoirs. This study 
estimated sediment amount for each storage site by making use of information on sediment yields in the 
JICA (1992) study and more recent natural resource management studies in the Tana River basin. 
Estimates of the amount of sediment that may deposit in each of the 225 potential reservoirs were made. 
Reservoirs that would completely fill with sediment over a 50 year period were deemed non-sustainable 
and were removed from the list of potential dams. For the remainder of the dams the sustainable reservoir 
volume was assumed to equal the total reservoir volume less the volume of sediment that is expected to 
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deposit in the reservoir over a 50 year period. A more detailed assessment should be done at feasibility 
level studies.   Reservoir sedimentation management should also be considered as a means of increasing 
infrastructure sustainability.  
 
Environmental flow requirements were assessed and factored into this study. For general use the MoWI 
defined that river and stream flows with a 95 percent exceedance probability should be assigned to satisfy 
environmental needs, except in special cases like the Maasai Mara Game Reserve and other similar 
facilities. For the latter more detailed investigations are required to quantify environmental flows. This 
study quantified the 95 percent exceedance probability flows for all rivers flowing into candidate dams 
based on the MWI guidelines and used it to make allowance for environmental flows. More detailed 
studies should be conducted for specific sites during feasibility stages.    
 
The study did not undertake comprehensive climate change impact assessment, as sufficient information 
to predict the impacts on future climatic and hydrological patterns through downscaling of global climate 
models to basin levels was not readily available. This study also did not conduct assessment on its 
impacts on demand side, which is outside of the scope of the study.  This study instead assessed the 
robustness of the list of potential storages  to anticipated climate change effects. Investment selection 
should give preference to the most robust infrastructure, meaning infrastructure that can withstand the 
effects of climate change most successfully. The two principal stream flow statistics affecting water yield 
are the mean and the coefficient of variation of annual river flow. These two statistics are affected by 
climate change. Therefore, in order to assess the robustness of water storage options to climate change, an 
analysis was conducted relating water yield from reservoirs to these two critical statistics. 

1.5.4 Water balance assessment and identification of water stressed areas 
 
Water balances for all sub-basins throughout Kenya were assessed by comparing water use requirements 
for current and future conditions to the amount of water available in each sub-basin.  As previously 
indicated, the amount of available water in each sub-basin was determined as the sum of the annual 
groundwater recharge in that sub-basin and the surface water yield for reliabilities of 80 percent and 90 
percent from undeveloped rivers. These water balances were prepared for both current and future 
demands for water.  
 
The resulting national water balance was used to identify water stressed sub-catchments, meaning sub-
catchments in which the water use requirement exceeds the amount of available water, leading to a water 
deficit. Based on the current and future water balance results and economic development potentials shown 
by Vision 2030, the study identified water stressed and priority intervention areas and described the key 
features and issues for those areas.   

1.5.5 Identification of new surface water supply options and reservoir yields allocation 
 
The study identified surface water sources to mitigate subcatchment water deficits. The analysis provides 
a means of concurrently determining the length of critical drought periods and the corresponding reservoir 
volumes that are required to reliably supply water.  
 
The amounts of water that can be supplied from the 225 potential dam sites (JICA 1992) were quantified 
for reliabilities of 80 percent, 90 percent and 95 percent. The 80 percent yield is considered suitable for 
use by irrigation and livestock, while the 90 percent yields were assigned to satisfy urban, industrial and 
commercial  water demands. The 95 percent yields were quantified for informational purposes only, and 
for possible use to satisfy demand in major cities like Nairobi and Mombasa, though these results were 



ESW Report   June 30, 2011 

13 

not presented in this study.  In consultations, MWI indicated that a reasonable goal should be to improve 
water supply reliability to 80 percent, but experience shows that this is usually not considered sufficient 
for urban, commercial, and industrial water demands. For that reason, the study team assigned 90 percent 
reliability to those demands. The analysis results from the entire list of 225 dams were used to develop a 
short-list of dams for further analysis.  

1.5.6 Engineering Analysis of potential reservoir sites 
 
Topography were considered as factors in site efficiency. Potential dam sites information was obtained by 
JICA in 1992 as the sites condition can be assumed not to have changed. Some of the proposed storage 
sites have reservoir depth-capacity curves.  
 
As was done by JICA in 1992, all dams were taken to be embankment dams, and construction costs were 
estimated based on embankment volume after adjusting for inflation. As a first level screening, the ration 
of the dam construction cost to reservoir yield was calculated and all dam’s storage efficiency was 
checked.  The investment costs for water supply facilities including transmission, distribution and 
treatment systems have also been estimated based on topographical information determined from GIS 
maps. A detailed cost analysis will be needed at the feasibility level.   
 
Operational and maintenance costs for dams and associated water supply works have been estimated 
based on available analytical studies and projects data.  Operational rule curves including for flood and 
drought management will be developed at feasibility study levels. Operation and maintenance along with 
dam safety plans will also be prepared at feasibility level studies.   
 
A systems analysis of the interactions and impacts of all dams on one another was not undertaken by this 
study, but will be critical to basin-level planning. As a rapid analysis, this study assumed that each dam 
would be operated independently of all others. This assumption was necessary to identify potentially 
feasible projects from the total 225 potential dams. Some of the dams finally selected are potentially 
affected by other upstream dams and should be subjected to system analysis at pre-feasibility and 
feasibility level studies.  
 
For reservoir sustainability, a detailed sediment management plan covering remedial measures, such as 
check dams, watershed conservation works, sluice gates, and operational procedures, should be developed 
at feasibility study level.  

1.5.7 Economic and financial analysis 
 
The study conducted economic cost benefit analysis for each storage option in water stressed areas. The 
study estimated NPV and IRR for each option considering both (i) capital and operation and maintenance 
costs of dams and other associated structures and (ii) benefits of water use for various sectors. This study 
however did not consider other benefits, such as provision of environmental flow, nor did it consider the 
scope of potential environment and social impacts and the costs of mitigating them sufficiently.    
 
The economic benefits of storage options are calculated based on the estimated additional quantities of 
water available at 90 percent reliability for water use in urban sector and 80 percent reliability for water 
use in irrigation. The economic benefits estimated based on the reliably water supplies to various sectors 
therefore account for drought risk mitigation effects of the new storage.  
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As explained above, this study did not consider flood control benefits even though some dams could 
provide such regulatory function for downstream protection. The social impact of floods on the local 
livelihoods may be considerable and therefore reduction of flood risks in those areas is important from a 
social vulnerability standpoint. More detailed studies are needed on this subject, and some are undergoing 
under other GOK and World Bank-financed projects.   
 
The study did not conduct a financial analysis of all dams as the financing plan and implementation 
arrangements are not known. This will be conducted at feasibility study.    

1.5.8 Environmental and social assessment 
 
As the study did not undertake an environmental impact assessment, some storage options may have 
serious environmental impacts that would make the potential investment infeasible.  There is also a 
possibility that some sites screened out in the priority list might come out as better options if they present 
less impacts compared to those selected from an economic perspective. At the next stage, environmental 
screening of sites should be conducted before embarking on detailed studies.  
 
Similarly, this study did not undertake social impact assessment nor estimate required social mitigation 
costs. Hence, some prioritized options could be screened out at the next stage due to high social impacts 
and required resettlement. A comprehensive local area development and benefit sharing plan should be 
prepared and costed for selected sites at feasibility level.  

1.5.9 Institutional assessment  
 
This study conducted review of the current institutional arrangements for water resources development 
and management as well as water service delivery including urban water and irrigation water. This study 
makes recommendations to promote storage development and sustainable operation, but more detailed 
assessment should be conducted in consultation with key implementing agencies during project 
preparation phases.  
 
This study shared its preliminary results with GoK ministries and obtained feedback during report 
preparation. At the next stage, broader stakeholder consultations should be conducted for each basin as 
more information becomes available on specific options including costs, benefits and the environmental 
and social impacts.  In addition to conducting an ESIA, benefit sharing and local area development plans 
should be studied and discussed with relevant stakeholders.     
 

1.6 World Bank engagement  

The Bank is actively engaged in the water sector, though projects have not focused explicitly on 
significantly increasing multipurpose water resources development in support of economic growth.  
The Bank has funded many important water infrastructure investments in Kenya, notably for urban water 
supply and hydropower. Currently, the Water Supply and Sanitation Improvement Project (WaSSIP) is 
leading water sector reform and providing technical and financial support to the Athi, Lake Victoria and 
Coast WSBs.  The Western Kenya Community Driven Development and Flood Mitigation 
(WKCDD/FM) Project is leading the implementation of flood mitigation works in the Western Kenya, 
while the Natural Resources Management (NRM) Project is leading watershed conservation works in the 
Tana catchment as well as the western regions of the country. A second phase Arid Land and Semi Arid 
Land (ASAL) project is working with the Ministry of State for Northern Kenya and Other Arid Lands on 
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rural development, agriculture and livestock, and drought warning systems, and an ASAL Sector Wide 
Program is currently under preparation. 
 
No major investments in new water resources infrastructure have been made since the Ndakaini 
(Thika) Dam in the mid-1990s despite a clear need.  In the past, the Bank had made major investments 
in water resources infrastructure, including the Gitaru, Kindaruma, and Kiambere hydropower dams, and 
development of the Bura Irrigation Scheme.  The Ndakaini dam was constructed in 1996 to provide water 
supply to Nairobi, and the Bank has also invested in new sources for Mombasa.  In 2004, the Bank 
conducted a broad water sector review, which resulted in the publication of a Water Resources Sector 
Memorandum that has guided subsequent work in the water sector, including this report. To fill this gab 
for urban water supply, the Bank and AFD are supporting master planning for Nairobi and the Coast.   
 
A new focus on water resources development is necessary and would complement ongoing work in the 
water sector.  Such a project has been included in the Kenya CPS for 2010-2013, and could support other 
existing and planned projects in water supply, irrigation, and natural resources management by 
developing new water sources. Such a project could also assist MWI in developing a strong pipeline of 
storage investments for future investment, and strengthen the water resources management capacity of 
MWI, WRMA, and other relevant entities. The Bank is already closely coordinating with development 
partners, but could take a leading role in water resources development.  This is already underway through 
Bank support through WaSSIP to prepare water supply master plans for Nairobi and Coastal areas in 
coordination with AFD. JICA is also preparing a long term master plan for integrated water resources 
management.   
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CHAPTER 2  KENYA’S WATER REQUIREMENTS 

 
 

2.1 Kenya’s water requirements  

All sectors of Kenya’s economy are dependent on a reliable supply of water. This includes agriculture, 
the largest water user, and the sub-sector of livestock; commerce and industry, including tourism, finance, 
and manufacturing; power; as well as social uses such as domestic water consumption and water for 
institutions such as Government and schools. 
 
This study updated estimates of water requirements for all water-consuming sectors for 2010 and 2030. 
A summary of these estimates by major basin and by sector are included in Table 2 for 2010 and Table 3 
for 2030. The updated estimates show that irrigation is the largest water user, followed by domestic water. 
The results are explained in greater detail in the remainder of this chapter, and all assumptions made in 
the calculations are detailed in Annex A.  
 
Table 2. 2010 Water Requirements (MCM per year) 

 
Irrigation Livestock 

Commercial 
and 

Institutional 
Industrial Domestic 

1 Lake Victoria           552            57            59            15           307  
2 Rift Valley          260            20            33              7           118  
3 Athi River           375            58            18          108           358  
4 Tana River        1,424            28            26              4           156  
5 Ewaso Ng’iro           230            13            20              2            75  
 Total Kenya        2,840          177          156          137        1,013  
 
  

Agriculture, including livestock, and urban and rural water supply are the main water consumptive sectors in 
the Kenya economy.  Hydropower is the most important non-consumptive user of water, accounting for 56 
percent of installed capacity and up to 70 percent of total generation in recent years.   
 
This study assessed current (2010) and future (2030) water use requirements for main water consuming 
sectors, including irrigated agriculture, domestic use, livestock, and industry and commerce.  The link 
between hydropower generation and climate variability is made, but water requirements are not calculated for 
this non-consumptive use. The analysis shows the current water use for contribution of each sector and each 
geographic area to overall water use, and how this is expected to change in the future based on the national 
development plans in Vision 2030. The full methodology for assessing requirements is included in Annex A.  
 
Vision 2030 emphasizes the development of agriculture, commerce (including services and tourism), and 
industry to achieve the country’s growth plans in the medium- and long-term.  The growth of these sectors, 
together with population growth and urbanization, will depend on increased and reliable bulk water supply to 
meet the water requirements in each of Kenya’s five major catchments. Understanding these dependencies is 
important for determining national water resources strategies and priorities.  
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Table 3. 2030 Water Requirements (MCM per year) 

 
Irrigation Livestock 

Commercial 
and 

Institutional 
Industrial Domestic 

1 Lake Victoria        1,007            71            70            45           506  
2 Rift Valley          470            48            25            19           198  
3 Athi River           599            23            71          387           609  
4 Tana River        1,511            35            35            12           260  
5 Ewaso Ng’iro           290            29            16              7           125  
 Total Kenya       3,877          206          217          469        1,698  
 

2.2 Agriculture  

Agriculture, the majority of which is rainfed, is a key component of the national economy in Kenya, 
directly contributing 24 percent of GDP and 65 percent of export earnings. It contributes a further 27 
percent of the GDP through links with manufacturing, distribution and service-related sectors (MWI 
2009a). Agriculture plays a key role in the livelihoods of Kenya’s rural population.  GOK expects the 
modernization of the agricultural sector to help reach their goal of becoming a middle income country by 
2030, and the development and rehabilitation of irrigation schemes will be critical investments towards 
the achievement of this goal. GOK also expects increased irrigation development to help the country 
achieve their goals on food security. 
 
Arid and semi-arid lands (ASAL) account for 80 percent of Kenya’s land area, making the country 
poorly endowed with potential for rain-fed agriculture given the hydrologic variability that Kenya 
experiences. Since 2007, Kenya suffered from two consecutive years of below average rains in most of 
the country, leading to one of the worst droughts in a decade. The devastating consequences included 
widespread famine as a result of severely depressed food production, with maize production alone down 
by 50 percent and up to 10 million people in need of food aid.  Irrigation and drainage can help to secure 
and improve agricultural productivity.  
 
Irrigated agriculture still accounts for a minority of cultivated areas in Kenya, with an active area under 
irrigation estimated at 123,200 ha corresponding to only 2 percent of total cultivated area while the rest is 
rainfed. The estimated total agricultural water requirement is around 2.84 BCM per year in 2010.  The 
high per-hectare water use is mainly due to low irrigation efficiency as a result of lack of systematic 
maintenance, and high unaccounted for water as a result of unscheduled irrigation expansion and illegal 
abstractions.  MWI estimates that the area under irrigation has increased from 5,450 ha in 1963 to 
123,200 ha in 2009 (MWI 2010a), and these figures were used to assess the current water requirement. 
 
The three main types of irrigation development in Kenya are small-scale, large-scale (public), and private 
schemes. Small-scale schemes are owned and managed by communities as irrigation water user groups or 
individual farmers. Large-scale (national or public) schemes are developed and managed by public 
agencies, specifically the National Irrigation Board or the Regional Development Authorities, with 
farmers as tenants. Ninety percent of Kenya’s rice is produced on national irrigation schemes.  Private 
schemes are commercial, high-tech schemes which provide irrigation for high value crops and produce 
almost exclusively for the export market. The distribution and historical growth of these types of 
irrigation are shown in Table 4. 
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Figure 7. Irrigation intensity by subcatchment (percentage of crops under irrigation) (left) 

Figure 8. Map of arid and semi-arid districts in Kenya (right) 

 
 
 
Table 4. Development of Irrigation in Kenya (1963-2007) 

Type of 
irrigation 
scheme 

Responsible Ministry or Agency Area Developed in Hectares 
1963 1975 1985 1995 1998 2009 

Small-scale Irrigation and Drainage Department, 
MWI 1,500 2,400 17,500 33,000 34,650 49,000 

Large-scale 
(Public) 

National Irrigation Board or 
Regional Development Authorities  3,200 8,500 11,500 11,700 12,000 20,600 

Private Private  750 10,000 23,000 37,000 40,700 53,600* 
Total  5,450 20,900 52,000 81,700 87,350 123,200 

Source: Ministry of Water and Irrigation (2010a).  *Note: Includes uncounted irrigated areas 
 
GOK has ambitious irrigation and drainage development and rehabilitation plans, articulated in Vision 
2030 and MWI’s Irrigation and Drainage Master Plan (2009). The Irrigation and Drainage Master Plan 
sets the target of into 32,000 ha of new irrigation and drainage per year, with an additional of 8,000 ha per 
year of irrigation system rehabilitation.  This ambitious target, however, would be subject to numerous 
constraints, including water availability, investment costs, and implementation capacity. Vision 2030 
recognizes the critical role of irrigation and drainage in economic growth and has the goal of increasing 
the area under irrigation by over 1 million hectares. 
 
Through this study, an irrigation potential assessment was carried out by the International Food Policy 
Research Institute (IFPRI).  This assessment used IFPRI’s Spatial Production Allocation Model (SPAM) 
and an economic model to estimate the internal rate of return for each irrigation investment. The 
assessment was made at a 1 km by 1 km pixel level considering physiological and economic (including 
market access) conditions as well as suitable crop patterns. Two approaches were used to evaluate 
irrigation expansion: runoff-based small-scale irrigation, and dam-based large-scale irrigation. Under the 
medium investment cost scenario, small scale and large scale (dam based) irrigation potential area was 
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indicated as 74,000 ha and 460,000 ha, which would require around 250 MCM per year and 3.7 BCM per 
year of irrigation water. These figures were used for the predictions of irrigation water requirements in 
this study. Details of the methodology along with full results of the IFRPI study can be found in Annex B 
to this report, and a presentation of the their  potential can be found in Chapter 5.  
 
Kenya can increase productivity through large-scale irrigation supported by water storage; similarly, 
small-scale irrigation potential could be substantially increased through water storage and harvesting in 
Northeastern Kenya, and improvements in water use efficiency.  Investment cost, however, can be a 
limiting factor.  Forty-seven percent of Kenya’s total agricultural output is supported by small scale farms 
with land area of less than one hectare, and most farmers do not have the capital to implement gravity-led 
nor pump-fed irrigation schemes.  Insufficient investment in irrigation is the main reason for low 
irrigation development in the past 30 years.  Financing of irrigation schemes though both public and 
private funds along with technical support for sustainable operation and maintenance is critical to attain 
the development goals under Vision 2030.   
 

2.3 Livestock  

Kenya’s important agricultural sector includes livestock, which contribute 12 percent of the value of this 
sector, or about 3 percent of total GDP (Republic of Kenya 2007).  The water requirement for sustaining 
Kenya’s livestock was estimated through this study to be 156 MCM per year for drinking needs only, not 
including feed requirements or the water used in processing products such as meat, dairy, leather, and 
wool. Unlike the majority of the agricultural sector, which is clustered in areas of high rainfall, 70 percent 
of Kenya’s livestock population is found in ASAL districts (World Bank 2010a).  Because of this, the 
water demand for livestock is most notable in Northeastern and Rift Valley Provinces.  
 
Livestock is an important economic and livelihood activity, especially for the 30 percent of Kenya’s 
population living in ASALs. These areas are considered to be historically marginalized and have the 
highest poverty rates in the country.  Ensuring sustainable livelihoods in ASALs will require protecting 
against recurrent drought.  The ongoing and planned Arid and Semi-Arid Lands Sector-Wide Program has 
already prioritized investments in key sectors such as water, irrigation, livestock development, drought 
preparedness, and natural resources management to address some of these challenges.  
 
Livestock development goals under Vision 2030 directly support the Government’s goal of creating 
regional industrial and manufacturing clusters focused around agricultural products (as seen in Figure 9 
above).  The proposed creation of Disease-Free Zones to increase livestock productivity and quality in 
Turkana,Wajir, Laikipia, Kwale, and Narok Districts would support proposed meat processing facilities 
and tanneries to be co-located in these areas. Development plans for livestock development and agro-
processing will drive future livestock sector growth and related water requirement, and accelerated 
growth rates were given to these areas accordingly.  This study expects the livestock water requirement to 
increase to 206 MCM per year by 2030. 
 

2.4 Urban and rural domestic water 

Domestic water consumption is the second-largest water use in Kenya, following agriculture. Domestic 
water use is defined as water for all usual household purposes including consumption, sanitation, bathing 
and food preparation, in both urban and rural areas (WHO 2002).  Kenya’s population as of the 2009 
census was 38.6 million, and is predicted to reach 60 million by 2030.  This study has estimated that the 
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current requirements in Kenya for domestic water are currently 1.01 BCM per year, or 23 percent of 
overall water demand, calculated on the basis of population.  Fifty-eight percent of this comes from urban 
areas. As the major business, government, and population center of Kenya, Nairobi alone accounts for 
almost 20 percent of the estimated national domestic water needs.   These estimates were made using 
assumptions of average requirements for urban and rural areas, and may under or overestimate the 
requirements based on the location.  Annex A contains details of all assumptions made. 
 
The 2010 AICD Kenya Country Report estimated that almost half of Kenya’s population relies on surface 
water, which is much higher than the average of one-third in other low-income African countries 
(Briceño-Garmendia and Shkaratan 2010).  According to records from the Water Services Regulatory 
Board (WASREB), urban WSPs are particularly dependent on surface water, as approximately 91 percent 
of Water Services Provider (WSP) abstraction permits in 2009 were for surface water.   
 
Figure 9. Population density in Kenya, 2010 

  
Source: Data extrapolated from 1999 national census.  
 
Water service delivery falls short of delivering the required water.  Urban water services delivery, which 
includes water used for domestic purposes, is supplied through autonomous Water Services Providers 
(WSPs), which are licensed through the eight regional Water Services Boards (WSBs). The performance 
of WSPs varies widely, as can be seen from Table 4.  Though WSPs operate in mainly urban areas, they 
do serve populations categorized as rural. GOK is working to increase the scope and efficiency of water 
services delivery to urban households throughout Kenya from the current low coverage rates of 60 
percent for urban and 40 percent for rural.  Due to these inefficiencies in water services delivery, total 
water production falls short of satisfying domestic water demands in urban areas, not accounting for water 
needs of other important urban uses.  
 
Table 5. Annual performance statistics by Water Services Board for WSPs 

Water Services 
Board 

Number 
of 

WSPs Coverage UFW 

Total 
population in 
coverage area 

Population 
served 

Annual 
production 
(MCM/yr) 

Production 
(litres/ 

capita/day) 
Athi 8 58% 40% 4,163,496 2,399,434 163.6 186.8 
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Coast 6 59% 39% 2,295,550 1,449,118 31.8 60.1 
Lake Victoria 
North 8 47% 51% 1,383,315 649,360 23.8 100.4 
Lake Victoria 
South 6 37% 51% 7,268,333 2,975,994 18.2 16.8 
Northern 6 50% 53% 517,856 247,309 11.9 131.8 
Rift Valley 14 48% 44% 1,731,936 837,314 22.8 74.6 
Tana 21 39% 70% 2,863,744 1,122,730 66.5 162.3 
Tanathi 8 22% 55% 1,685,345 364,801 10.8 81.1 
Total or Average  77 46% 50% 21,909,575 10,046,060 349.3 95.3 

Source: Data from Water Services Regulatory Board (2009) 
 
The Government has made improving service delivery a priority under Vision 2030.  By 2012, GOK 
aims to improve access to safe water to 90 percent in urban areas and to 70 percent in rural areas, and 
reducing non-revenue water from 60 percent to below 30 percent across the country, though these targets 
are not likely to be achieved. Vision 2030 also prioritizes the expansion of water services in satellite 
towns around five large population centers (Nairobi, Mombasa, Kisumu, Nakuru, and Kisii) as well as 15 
medium-sized towns with economic development potential, while the population even in their current 
service areas is rapidly increasing (Republic of Kenya 2007). Providing new water sources is critical for 
those urban centers.  
 
This study expects domestic water requirements to increase from 1.01 BCM per year to 1.7 BCM per year 
by 2030, considering population growth (from 39 million in 2009 to 60 million in 2030) and urbanization. 
Meeting this requirement is especially critical in urban areas such as Nairobi and Mombasa that 
frequently experience water shortages, water rationing, and bans on abstractions in drought periods. There 
are also great opportunities for demand management as a cost-effective, non-structural approach, though 
they were not explored through this study. 
 

2.5 Industry and commerce 

Unlike many countries in Sub-Saharan Africa, Kenya’s economic growth is not principally dependent on 
agriculture, as the service and manufacturing sectors contribute over half of the country’s GDP.  This 
includes activities such as tourism, manufacturing, financial services, trade, and transport.  The water use 
requirements for these industrial and commercial uses of water, along with institutional uses from schools 
and government offices, was estimated by this study to be 314 MCM per year in 2010.  Of this, almost 
half of the needs come from Nairobi and the Coast. These water users are dependent on water not just for 
the services that they provide and as manufacturing inputs, but also for the power to run their offices. 
  
The economic implications of insufficient water on these sectors are immense. Because of these high 
costs, it is essential that water be provided at a high reliability.  To manage the risks posed by variations 
in water supply, industries, commercial enterprises, and hotels frequently rely on costly solutions such as 
drilling their own boreholes or buying water from private vendors. 
 
Along with agriculture, the industrial and commercial sectors have been chosen by GOK as engines of 
growth to help the country achieve their economic development and poverty reduction goals under Vision 
2030.  Figure 10 indicates some of GOK’s flagship projects. Tourism is one major avenue for growth; 
after a sharp decline during the post-election violence in 2008, the tourism sector has again been growing.  
In support of Kenya’s goal to be among the top ten long-haul tourist destinations globally by 2030, the 
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Government is focusing on expanding and improving the quality of tourist destinations on the Coast, in 
game parks, and for cultural and eco-tourism. In the short-term, this means doubling the tourism at the 
Coast, and increasing safari stays by 50 percent, which will demand a sufficient quantity of water.  
 
Kenya would like to become a regional financial hub and one of the best ranked financial centers in 
emerging markets. In order to restart growth in manufacturing, the Government is planning special 
economic clusters, mostly focused on agro-processing and metals, based on proximity to raw materials, 
such as livestock development zones and mines, and markets. To increase the wholesale and retail trade 
by improving supply chain and providing better infrastructure, including a new duty-free port, Kenya is 
now engaging in transport master planning.  Priority projects include improvements at the port of 
Mombasa, expansion of the Lamu port into a second regional hub and investing in the development of a 
northern transport corridor to Southern Sudan and Ethiopia,.   
 
Figure 10. Vision 2030 development plans  

 
Source: Vision 2030 (Republic of Kenya 2007) 
 
Given these planned developments, industrial, commercial, and institutional water requirements are 
projected by this study to increase to 686 MCM per year by 2030.  To achieve this, Kenya must address 
the same challenges as for domestic water delivery since much of the urban water demand must be met by 
WSPs.  The priority actions of secure reliable water sources through increased storage and inter-basin 
transfers and improving the coverage and efficiency of utilities remain the same.  
 

2.6 Power 

The most important non-consumptive use of water in Kenya is hydropower, which accounts for 56 
percent of the country’s installed capacity and 70 percent of generation in recent years (2004-2009).  
With Kenya’s increased economic growth since 2003 has been accompanied by rapid growth in power 
demand, and supply has not kept pace.  It is estimated that unreliable electricity supply lowers the annual 
sale revenues of Kenyan firms by about 7 percent and reduces Kenya’s annual GDP growth by about 1.5 
percent, with the manufacturing sector especially constrained (Briceño-Garmendia and Shkaratan 2009).   
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Heavy dependence on hydropower for electricity means that Kenya’s economy is especially vulnerable 
to hydrologic variability. The droughts of 1999-2000 and 2007-2009 clearly illustrated this, when 
hydropower generation fell by almost half, resulting in massive load shedding, reliance on expensive 
emergency diesel, and large economic losses.  The use of emergency diesel since 2006 has reached 14 
percent of total generation (World Bank 2010c).  
 
Electricity access rates remain very low when compared to other African countries with similar income 
levels.  The number of households with connections to national grid remains around 20 percent, with rural 
access rates around 5 percent.  The Government hopes to double the overall access rate to 40 percent by 
2020, and is placing great emphasis on rural electrification projects to increase household connections in 
the short term (World Bank 2010c).  
 
Kenya is focusing on diversifying power generation sources to decrease vulnerability to climate shocks. 
The World Bank is supporting the Government in developing Kenya’s considerable geothermal potential 
as a viable alternative to hydropower through the Electricity Expansion Project (2010-2016).  Thermal 
power generation is also being expanded. 
 
Figure 11. Energy supply by source, 2004-2015  

 
Source: World Bank 2010c.  Note that 2004-2009 are actual production, and 2010-2015 are forecast. 
 
Despite the development potential, single-purpose hydropower projects do not play a major role in the 
Government’s strategy for increasing generation due to their dependence on reliable water supply.  
Hydropower generation has still relatively large power development potential.  The Ministry of Regional 
Development Authorities (MORDA) is planning hydropower capacity as part of their multipurpose 
development projects.  Kenya is also focusing on increasing potential for power imports and exports 
through regional integration of power systems within the East African Power Pool, including Ethiopia, 
Tanzania, and Uganda.  
 
Reservoir sustainability can be enhanced through improved management. To ensure the sustainability of 
reservoirs, particularly for large hydropower dams, it is critical to improve watershed management of 
upper catchments to reduce soil erosion and implement reservoir sedimentation management techniques.  
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Various technologies exist, which have been successfully applied internationally to reduce the adverse 
effects of reservoir sedimentation (Palmieri et al 2003). More detailed studies should be conducted to 
assess suitable techniques for reducing sediment loads and deposits for critical reservoirs.  

2.7 Environment, wildlife and tourism 

Maintaining a sufficient environmental flow is important for environmental conservation, biodiversity, 
and, accordingly, tourism.  Environmental flows, also called the reserve quantity, are that portion of a 
river’s discharge that have purposefully been allowed to continue flowing within a managed river for the 
general health of an ecosystem or to enhance the survival potential of a specific species. Regardless of 
their purpose, the fundamental principle of allowing water to remain within the channel for ecological 
purposes has become recognized as a significantly important management practice throughout the world 
(King et al 2008).  
 
Kenya’s national parks and critical ecosystems such as Lakes Naivasha and Nakuru and Mzima Springs 
(in the Tsavo National Park) are both ecologically and economically important.  A 2004 World Bank 
study found that 70 percent of tourism earnings in Kenya and 5 percent of total GDP can be attributed to 
wildlife.  The same study found wildlife tourism to be the highest value use of marginal rangeland, 
exceeding the value of livestock in these areas (World Bank 2004a). It is important to maintain a 
minimum flow in Kenya’s ASALs, where an estimated 90 percent of wild game live.  The implications of 
drought in any of these areas are severe. 
 
Catchment degradation due to encroachment and changes in land use patterns, illegal or over abstractions 
of water, and other human factors hurt wildlife by lowering water quantity and quality in ASALs and 
national parks. Maintaining a minimum environmental flow throughout the country is important to ensure 
ecological stability and the health of important ecosystems and tourism areas. In response, Kenya has 
established guidelines on the calculation of the reserve flow, setting it as the 95 percent exceedence flow 
for each subcatchment, except for special scenarios like in the Maasai Mara National Park where special 
studies were executed to set environmental flow standards. Details of the relative merits of using the 95 
percent exceedence flow as compared to other methods are discussed in Annex D.  
 
  



ESW Report   June 30, 2011 

25 

CHAPTER 3  KENYA’S WATER RESOURCES  

 
 

3.1 Climate, rainfall and evaporation 

Kenya’s climate varies temporally and spatially, from the humid tropical climate of the coast to the 
semi-arid savannah and the cooler highlands (Oettli and Camberlin 2005).  The country’s location near 
the equator leads to small seasonal temperature fluctuations. Average temperatures tend to decrease with 
increasing elevation and with distance from the coast. Kenya is a relatively dry country despite its 
equatorial location. The Inter-tropical Convergence Zone (ITCZ) affects it rainfall seasons. When the 
ITCZ passes across Kenya in March to May is leads to the “long rains” and in August to November it 
results in the “short rains”. The predominant seasonal winds, which transport the monsoonal rains, follow 
a path parallel to the coast. Since the monsoonal rains have already passed over large areas of land before 
reaching Kenya they do not deliver significant precipitation (Okoola 1999, Indeje et al. 2000 and Mutai 
and Ward 2000).  
 
Table 6 Average annual rainfall in Kenya (MWI 2009) 

Basin Area (km2) Rain 
(mm/yr) 

Rain Volume 
(mcm/yr) 

Lake Victoria 46,229 1,245 57,555 
Rift Valley 130,452 535 69,792 
Athi 66,837 585 39,100 
Tana 126,026 535 67,424 
Ewaso Ng’iro 210,226 255 53,608 
TOTAL 287,478 

Kenya’s climate varies temporally and spatially, from the humid tropical climate of the coast to the semi-arid 
savannah and the cooler highlands. Kenya is a relatively dry country despite its equatorial location. The 
spatial distribution of rainfall variability is related to the mean annual rainfall; in regions with low mean 
annual rainfall, the annual variability is greater than in areas of high rainfall.  The inter-annual variability of 
rainfall in Kenya is strongly coupled to the El Niño Southern Oscillation (ENSO) phenomenon; in El Niño 
years, Kenya receives more rain than average, and less so in La Niña years. 
 
Kenya is divided into five major drainage basins: Lake Victoria, Rift Valley, Athi, Tana, and Ewaso Ng’iro. 
The principal rivers generally radiate from the central highlands, including Mount Kenya, and from Mount 
Elgon on the border between Kenya and Uganda. Over half of Kenya’s water resources are shared with 
neighboring countries.  Groundwater resources are not well understood, leading to depletion in many 
locations. 
 
Estimates of Kenya’s water resources vary; the best existing estimates are from the National Water Master 
Plan, prepared by JICA in 1992, amounting to 29.9 BCM per year of renewable surface water and 0.62 BCM 
per year of renewable groundwater.  Previous estimates, however, have been based on means rather than with 
a reliability-based approach. Through this study, new estimates of Kenya’s surface water yields were made at 
different levels of reliability to illustrate the available surface water resources on a sub-catchment level. New 
assessments of groundwater safe yield were not made through this study, and the JICA 1992 estimate was 
used.  With these figures, in the absence of development and after accounting for environmental flow 
requirements, this study estimated that only 7.6 BCM per year and 3.5 BCM per year are available for use at 
80 percent and 90 percent reliabilities, respectively.  Because of the reliability-based approach taken by this 
study, the new estimates made here are much lower than the mean-based previous estimates.  
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Kenya has a mean annual rainfall of 630 mm, which varies from less than 250 mm in the arid areas in the 
North to greater than 2,000 mm in the Central Highlands and Lake Victoria Regions (Mutai and Ward 
2000). The spatial distribution of mean annual rainfall and the spatial distribution of its annual variability 
are shown in Figure 11.  Estimates of the average annual rainfall per river basin are shown in Table 6.  
 
The spatial distribution of rainfall variability is related to the mean annual rainfall; in regions with 
low mean annual rainfall, the annual variability is greater than in areas of high rainfall. The annual 
variability in rainfall can be expressed through its annual coefficient of variation (the standard deviation 
of annual rainfall divided by its mean).  In regions with high coefficients of variation, such as the ASAL 
regions of North-Eastern Kenya, the annual rainfall varies significantly from year to year. Areas with low 
coefficients of variation, such as Western Kenya and parts of Central Kenya, experience only small 
differences in the annual rainfall from year to year.  
 
Figure 12. Distribution of mean annual rainfall (left) and annual rainfall variability (right)  

  

 
Existing studies also show that inter-annual variability of rainfall in Kenya is strongly coupled to the 
El Niño Southern Oscillation (ENSO) phenomenon (Camberlin and Okoola 2003). In El Niño years, 
Kenya receives more rain than average, and less so in La Niña years. The strength of this relation and the 
severity of the floods and droughts associated with it suggest that Kenya may partly base its water 
management strategy on ENSO predictions. The ENSO cycle has an average period of about four years, 
although in the historical record the period has varied between two and seven years. In Figure 12, positive 
values of the ENSO Index represent El Niño periods, while negative values reflect La Niña periods. The 
solid line in this figure represents changes in average annual rainfall over Kenya.  
 
The 1980's and 1990's featured a very active ENSO cycle, with five El Niño episodes (1982/83, 1986/87, 
1991-1993, 1994/95, and 1997/98) and four La Niña episodes (1984/85, 1988/89, 1995/96, and 
1999/2000) observed. This period also featured two of the strongest El Niño episodes of the century 
(1982/83 and 1997/98), as well as two consecutive periods of El Niño conditions during 1991 - 1995 
without an intervening cold episode. The strong La Niña from 1998 to 2000 is associated with a 
significant reduction in mean annual rainfall over Kenya, resulting in the severe drought that Kenya 
experienced during this period.   
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Figure 13. Relation between ENSO index and rainfall variability in Kenya 

 
Source: Data from Joint Institute for Study of the Atmosphere and Ocean (2011) and UNDP (2005) 
 
Evaporation is high in Northern Kenya and lower in southwestern Kenya. Potential evapotranspiration 
(PET) is the amount of evaporation that is likely to occur if enough water is available to evaporate. Figure 
14 shows the distribution of PET throughout the country, indicating that the areas with low average 
annual rainfall and high annual rainfall variability (Figure 12) are also characterized with high PET. From 
a water resource development point of view it means that the evaporation from reservoir water surfaces 
will be greater in the northern and north-eastern parts of Kenya, and that it will be lower in the south-
western parts of the country, and in the highlands.  
 
Figure 14. Distribution of potential evapotranspiration in Kenya (left) 

Figure 15 Relative erosion risk (right) 

  
 Source: Kenya Agricultural Research Institute 2010  
 
Erosion risk is high in many parts of Kenya, and increasing due to catchment degradation. Erosion risk 
expresses the relative amount of erosion that can occur on any part of the land due to the effects of rainfall 
and surface runoff, and can be seen in Figure 15. Decreased land cover from deforestation, and clearing of 
land for human settlements have increased erosion risk. The erosion risk shown in Figure 15 is different 
from the sediment yield, as all eroded material does not end up in rivers and reservoirs. The amount of 
sediment carried by streams and rivers is less than the amount of material that erodes in a catchment.  
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Box 1. Reservoir Sedimentation in Kenya 
 
Kenya’s existing water storage is decreasing due to poor storage management, including lack of both sediment 
management and general maintenance. An ongoing study by the World Bank-funded NRM Project on the Upper 
Tana Catchment is conducting sediment load monitoring, soil erosion assessments, reservoir capacity sediment 
surveys and design of a meteorological weather monitoring network. Through the NRM project, reservoir capacity 
sediment surveys were completed for Masinga, Kamburu, Susumua and Ndakaini Reservoirs to determine the 
amounts of sediment having deposited in the reservoirs and to update estimates of sediment yield.  
 
Estimated sediment yields from the NRM project and other studies are found in the table below. It indicates high 
sediment yields ranging from 500 to over 1,000 tonnes per km2 per year in the upper Tana Basin. The estimate of 
200 tonnes per km2 per year for Ndakaini Dam reflects a current low sedimentation rate.  
 
Estimated Sediment Yield for Three Reservoirs 

 
Note: HR Wallingford presented the survey results in terms of m3/km2/yr. The conversion to t/km2/yr is shown in the last column.  
 
 

Comparing these three estimates to the estimates of the 
sediment yield map prepared with JICA (1992) data it 
appears as if land degradation might have contributed 
to higher current sediment yields in some locations. 
The figure on the left, shows the locations of Ndakaini 
Dam (also known as Thika Dam), Masinga Dam and 
Kamburu Dam. The map indicates a maximum 
sediment yield of about 850 tonnes per km2 per year.  
 
From the map it is roughly estimated that the sediment 
yield at Masinga and Kamburu Dams is on the order 
of about 400 tonnes per km2 per year. This is on the 
same order as the current estimate for Kamburu Dam 
(500 tonnes per km2 per year), but is much lower than 
the same for Masinga Dam (1,000 tonnes per km2 per 
year). The map-estimated value for Thika Dam is on 
the same order as previously estimated by E&H 
(2001), or about 200 tonnes per km2 per year. Known 
storage loss in the reservoirs of Masinga and Kamburu 
Dams are 10 percent and 27 percent, respectively.  
 

Reservoir volumes of Hydroelectric Power facilities in Kenya 
  Name Type Original (MCM) Current (MCM) Storage Loss (%) Basin 
1 Turkwel Concrete  1,645 1,645* 

 
Rift Valley 

2 Masinga  Rockfill  1560 1402 10 % Tana 
3  Kamburu   Rockfill   150 110.1 27 % Tana 
4  Gitaru   Rockfill   20 20* 

 
Tana 

5  Kindaruma   Rockfill   24 24* 
 

Tana 
6  Kiambere   Rockfill   585 585* 

 
Tana 

    TOTAL 3,984 3,786 5.0 percent 
 Note: Asterisk (*) indicates that the current storage volumes are not known 

Source: Data from Muthigani (2010) and Antonaropoulos and Karavokyris (2010) 

Reservoir (m3/km2/yr) (t/km2/yr)
Masinga 1,094.5 (1981-2010) 1,500 1,750 (1981-1988) 1,000 to 1,500 1,099* (1981-1983) 1,318
Kamburu 508.1 (1983-2010) - -  357* (1974-1981) 428
Ndakaini 0 200

HR Wallingford 
OD61 (1984)

HR Wallingford 
OD61 (1984)

Study 

Catchment sediment yield (t/km2/yr) 

A & K (2010) E&H (2001) Bobotti (1988)
Prof Walling 

(2001)

Sediment yield map showing the locations of Masinga, 
Kamburu and Thika Dams (Source: JICA 1992) 
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3.2 Surface water resources  

Kenya is divided into five major drainage basins: Lake Victoria, Rift Valley, Athi, Tana, and Ewaso 
Ng’iro. The patterns of the main drainage systems are relatively simple. The principal rivers generally 
radiate from the central highlands, including Mount Kenya, and from Mount Elgon on the border between 
Kenya and Uganda. The morphology of minor drainages is closely coupled to local geologic structures. In 
the Rift Valley rivers flow either north or south, while they generally drain to Lake Victoria in the Lake 
Victoria Basin. The Athi and Tana Rivers flow directly towards the Indian Ocean, and the Ewaso Ng’iro 
rivers flow towards Somalia, from where it flows to the Indian Ocean.    
 
Over half of Kenya’s water resources are shared with neighboring countries.  Transboundary waters 
include many sensitive ecological sites in the Lake Victoria, Lake Natron (in Tanzania), and Lake 
Turkana Basins, as well as the important Merti aquifer, which is shared with Somalia.  The Lake Victoria 
drainage basin contains more than 50 percent of the national surface water resources.  
 
Figure 16. Main river basins and major rivers (left) 

Figure 17. Kenya’s transboundary basins (right) 

  
Source (map on right): United Nations Environment Programme (2009) 
 
Current estimates of the average flows vary from 17.2 BCM per year (UNESCO 2004) to 19.7 BCM per 
year (MWI 2009). In this study’s opinion, JICA conducted the most comprehensive and detailed study of 
surface water resources in 1992. JICA estimated naturalized flows per sub-basin for the entire country. 
Naturalized flows are flows that would have existed if no water was abstracted from rivers.  
 
Table 7. Estimates of the amounts of naturalized flow present in each of the river basins 

Basin  Area (km2) Average flow 
(mcm/yr) 

Rain Volume 
(mcm/yr) 

Percent 
Runoff (%) 

Lake Victoria  46,229 14,806 57,555 26% 
Rift Valley 130,452 4,653 69,792 7% 
Athi River  66,837 2,199 39,100 6% 
Tana River  126,026 6,972 67,424 10% 
Ewaso N'giro  210,226 1,283 53,608 2% 
TOTAL  579,770 29,914 287,478 10% 

Source: Calculated from naturalized sub-basin flows presented in JICA 1992 
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The average flows in Table 7 are the sum of naturalized sub-basin flows developed by JICA (1992). It is 
noted that these values are higher than other estimates; however, the team is of the opinion that no other 
studies have since been executed with the same amount of attention to detail as the naturalized flow JICA 
(1992) investigation. These naturalized flows were therefore used in this study. 
 
Through this study, new estimates of Kenya’s surface water yields were made at different levels of 
reliability to illustrate the available surface water resources on a sub-catchment level.    The definition 
of yield, as used in this study, is the volume of water that can annually be abstracted at a specified 
reliability instead of using means. For undeveloped rivers the reliability of river flow can be quantified 
with the aid of duration curves, representing the exceedance probability of all flows.  
 
Table 8. Surface water reliable yield by basin for varying reliabilities 

 Basin  

Surface Water (MCM per year) 
Reliability 

80% 90% 
95% (environmental 

flow criteria) 
1 Lake Victoria  7,226 5,242 3,873 
2 Rift Valley 2,057 1,515 1,087 
3 Athi River  1,098 738 480 
4 Tana River  3,819 2,797 2,052 
5 Ewaso Ng’iro  653 504 402 
  TOTAL 14,852 10,795 7,894 

 
The values obtained through this study differ from previous estimates because of the reliability 
requirements used. Surface water yields were determined by estimating the net yield from sub-basins that 
can be abstracted at reliabilities of 80 percent, 90 percent and 95 percent. The MWI suggested that 
environmental flows should be set at 95 percent reliability, unless circumstances require special 
consideration. This study assumed that all environmental flows are set at flows that will be exceeded 95 
percent of the time.  The results of these calculations are shown in Table 8. Note that the reliable surface 
water supply volume is much lower than mean annual runoff volume.   
 
Kenya’s surface water resources are highly spatially variable. The relative abundance of naturalized 
surface water for conditions without any dams, expressed in centimeter depth (cm) by basin, as calculated 
through this study, are presented in Figure 17 (80 percent reliability) and Figure 18 (90 percent 
reliability). The yields shown have been reduced by subtracting environmental flows, which equals flows 
with 95 percent reliability.  

The two figures show that most of the country experiences less than 1.5 cm of runoff per year. The 
highest surface runoff occurs in the general vicinity of the Lake Victoria Basin and in the upper 
catchments of the Tana and Athi Rivers. Eighty percent of the country is classified as arid or semi-arid, 
resulting in many rivers being dry for parts of the year. The figures also show that the amount of water 
that is available for distribution reduces significantly if the reliability requirements increase from 80 
percent to 90 percent. 
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Figure 18 Spatial distribution of 80% reliability surface water yield by sub-basin without dams and less 
environmental flows, in cm depth 

 
Source: Based on data from JICA 1992 developed during this study 
 
Figure 19. Spatial distribution of 90% reliability surface water yield by sub-basin without dams and less 
environmental flows, in cm depth 
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Source: Based on data from JICA 1992 developed during this study 
Oral history and meteorology records have thoroughly recorded Kenya’s long history of drought, 
which occur about every seven years. The historic record begins with the drought of 1928 and continues 
with droughts in1933-1934, 1942-1944, 1952-1955, 1960, 1965, 1971-1975, 1984-1985,1998-2000, 
2004-2005, and 2008 - 2009. The drought of the 1970s was deemed to be the worst; however, the 
intensity of a drought’s impact is affected by the amount of people suffering from its effects. The 
population growth in recent years means that more people have been affected by recent events. 
Significantly, the drought between 1998 and 2000 caused five of the six dams in the Ewaso Ng’iro Basin 
to dry up (UN-WATER 2005).  These dry conditions have a significant, adverse effect on Kenya’s GDP.  
The drought of 2008-2009 left Nairobi without water for a period of three weeks in November 2009.  The 
principal reason for the inability to provide Nairobi with water can be found in the inadequacy of water 
resource infrastructure, particularly lack of adequate reservoir storage.  
 
Although less well documented than the periods of drought, Kenya frequently experiences severe 
flooding about every three years. Kenya is affected by floods following torrential rain. Major floods 
occurred in 1937, 1947, 1951, 1957-1958, 1961, 1978, 1998, 2008 and 2010 with the largest flood having 
occurred in 1961 (UN-WATER 2005).  Many parts of Kenya, particularly in the Rift Valley and Ewaso 
Ng’iro Basins, experience both floods and droughts on a regular basis.   
 
Floods have devastating effects on Kenya. The floods between 1982 and 2008 have affected more than 
2.1 million people, mostly in Western and Nyanza provinces and in the Tana River district. While most 
parts of Kenya experience floods, severe floods regularly occur in most parts of the Kano plains (Nyando 
district, Nyanza Province), Nyatike (Migori district, Nyanza Province), Budalangi (Western Province, on 
the Nzoia River), and the lower parts of Tana River. People in informal settlements around Nairobi and 
other cities with homes near rivers are disproportionately affected.   
 
The most disastrous events occurred in 1997/98 when widespread floods throughout Kenya impacted 
about 1.5 million people. The 2008 floods affected 300,000 people (UN-WATER 2005).  The areas that 
were affected by the various floods are shown in Table 9.  
 
Table 9 Dates of recent floods, areas affected and numbers of people affected  

Year Affected Areas  Number of 
Affected People 

2008 Mandera, Budalangi, Coast Province, Nyando, 
Migori, Wajir, Siaya, Nyatike, Trans Nzoia, 
Meru/Tharaka-Tigania, Pokot Central 

300,000 

2003 Nyanza, Busia, Tana River 170,000 
2002 Nyanza, Busia, Tana River 150,000 
1997-1998 Widespread 1.5 million 
1985 Nyanza, Western Province, Tana River 10,000 
1982 Nyanza 4,000 

Source: MWI 2009d 
 
Surface water quality varies throughout Kenya.  Lake Victoria is composed of fresh water. The rivers 
that flow into it exhibit seasonally variable water quality. High turbidity, color and sediment loads are 
present during the rainy seasons. The water in the upper river reaches and head waters of the rivers are of 
good quality (UN-WATER 2005).  The Rift Valley contains a number of lakes, of which only Lake 
Naivasha consists of fresh water. The other lakes in the basin have brackish to saline waters. In the upper 
parts of the rivers, the water is of good quality, but in the lower portions, high sediment load and 
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agricultural pollutants reduce the water quality. In the Ewaso Ng’iro, catchment, which has the lowest 
water availability, rivers suffer from high turbidity due to agricultural activities.   
  
In the upper reaches of the Athi River catchment the water is of good quality during dry periods, but 
becomes very turbid during the rainy seasons. Water quality deteriorates downstream due to pollution 
from municipal wastes, domestic sewage, industrial effluents, and agricultural activities.  The water in the 
Tana catchment is generally of good quality. Pollution from municipal sewage, agrochemicals and excess 
suspended sediment impacts some rivers in this basin. Water quality deteriorates downstream in the Tana 
River.  
 

3.3 Groundwater resources  

Generally, groundwater supply in Kenya is under-characterized and the degree to which additional 
groundwater can be safely abstracted is not known with confidence. In spite of these uncertainties, the 
2009 KNBS National Census indicated that about 43 percent of rural and 24 percent of urban households 
rely on springs, wells or boreholes for their domestic water supply. The Coast is dependent on 
groundwater as a main source for domestic, industrial, and commercial uses, making it an important 
source.  This disproportionate usage of groundwater can probably be attributed to its relatively greater 
availability and ease of access in the Coastal region.  
 
The MWI (2009) estimates the amount of groundwater currently used in Kenya as about 0.18 BCM. In 
that report MoWI (2009) states: “Although groundwater exploitation has considerable potential for 
boosting water supplies in Kenya, its use is limited by poor water quality, over exploitation, saline 
intrusion along the Coastal areas and inadequate knowledge of the occurrence of the resource”.   
 
A recent World Bank study on groundwater governance in Kenya reports depletion of numerous 
aquifers, most notably the Nairobi Aquifer System (NAS).  The NAS has been exploited since the 1930s 
for public water supply, private domestic and industrial uses.  Initially, the number of boreholes was 
small, but by 1953 depletion was acknowledged to exist in the Ruaraka area and a conservation area was 
established there.  In 1958 this was extended to cover peri-urban Nairobi and part of Kamiti (Gevaerts 
1964).  The area was defined in supplementary legislation in the Water Act 1972, and remains a 
Groundwater Conservation Area.  However, it has failed to curb depletion; by 2009 depletion had been 
observed in Karen, Lang’ata, Embakasi, Thika District, Muthaiga, Upper Hill, the Yaya Centre area, 
Gitanga Estate, Ruaraka and Kamiti. The greatest rate of depletion was recorded in 2006/08 in 
WRMA/ACB/593 in Lang’ata Location, at 14 metres per year (WRMA 2009a).  Much smaller declines 
have been observed in the Merti aquifer beneath the Dadaab refugee camps, amounting to about 2 metres 
over the past 18 years.  Water quality has changed in the Dadaab Merti, with waters becoming more 
mineralized (UNICEF KCO 2004).  The Naivasha Basin basal aquifer has experienced static water level 
decline of up to 14.4 m in the period 1999 to 2004, and some mineralisation has been observed (GIBB 
1999).   
 
The quality of Kenya’s groundwater is generally good, but groundwater pollution brings significant 
threats. The highest quality groundwater is in the western portion of the country. The northeastern portion 
of the country has higher salinity. The Rift Valley, Nairobi and the Northeastern portion of the country 
have high levels of fluoride. The western and southern portions of the country have high levels of iron. 
Despite the overall good quality of the groundwater, there are places where improper land use patterns 
have negatively impacted the quality of the recharge water. There are also places where waste disposal 
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systems have been installed too closely to water supply wells, resulting in contamination (Mumma et al 
2010). Recent studies have shown that high-density informal settlement and/or an absence of sewerage 
infrastructure has been associated with bacterial contamination of groundwater beneath Mombasa (Munga 
et al 2006); Kisumu (Cronin et al 2006); Eldoret (Kimani-Murage et al 2007); and Wajir (MoWRM&D 
2003). Reportedly 7,000 livestock died in Kargi, in the Marsabit area during the La Nina drought of 2000, 
drinking water with dissolved nitrate concentrations of 450 to 900 mg per litre.  
 
The spatial variability of groundwater coincides with the spatial variability of precipitation and surface 
water.  The groundwater system in Kenya can be characterized by extensive aquifers, complex 
hydrogeological structures, and local and shallow aquifers (Figure 19).  Saline groundwater occurs along 
the coast and in the vicinity of Garissa and Mandera.   
 
Previous studies indicate estimates of the available groundwater ranging between 0.62 BCM per year 
(JICA 1992) and 3.0 BCM per year (UNESCO 2004). Tuinhof (2001) estimates the groundwater 
recharge rate on the order of about 2.1 BCM per year. The WHYMAP project, commissioned by 
UNESCO, estimates that recharge rates of groundwater in Kenya would never exceed 100 mm per year, 
with most of the recharge rates less than 20 mm per year. Tuinhof (2001) estimates that basin-wide 
average annual groundwater recharge ranges from 2 mm to 9 mm, which are on the low side of those 
suggested by UNESCO. However, Tuinhof also refers to records indicating that local recharge in the 
vicinity of Nairobi can be as much as 50 mm per year, which is in the mid-range suggested by UNESCO 
for that location (Figure 19).  The MWI (2009) estimates average annual groundwater recharge on the 
order of 618mcm/yr, which amounts to an average recharge rate for the whole country of only 1.3 mm per 
year.   
 
Possible ranges for groundwater recharge can be estimated by making use of data from MWI (2009) 
and from Tuinhof (2001). Based on that data, the World Bank estimated possible high and low 
groundwater recharge rates. Table 10 indicates a wide estimated recharge range, between 618 and 2,103 
MCM per year. The significant range in the estimates for groundwater underscores the uncertainty in the 
information base. However, the team is of the opinion that the JICA (1992) studies were more extensive 
and relied less on assumptions than any of the other studies.  The recharge rate of 0.62 BCM per year, 
corresponding to the safe yield calculated by JICA, was therefore adopted in this study.  
 
Table 10. Estimated groundwater recharge by basin  

Drainage Basin 
Area Average 

rainfall Groundwater recharge 

km2 mcm/yr  Low (mcm/yr) High (mcm/yr)  Low (mm/yr) High (mm/yr) 
Lake Victoria  46,229 57,555 116 394 2.5 8.5 
Rift Valley 130,452 69,792 126 428 1.0 3.3 
Athi River 66,837 39,100 87 296 1.3 4.4 
Tana River 126,026 67,424 147 500 1.2 4.0 
Ewaso N’giro 210,226 53,608 142 484 0.7 2.3 
Total 579,770 287,478 618 2,103 

  Average 
    

1.3 4.5 
Percent of rainfall 

  
0.21% 0.73% 

  Source: Data from MoWI 2009 and Tuinhof 2001 
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Figure 20. Groundwater resources of Kenya and its recharge rates 

 
Source: WHYMAP 2011 
 

3.4 Overall assessment of Kenya’s water availability 

Previous estimates of total water availability vary, as summarized in Table 11 below. JICA’s 1992 
estimate was performed to quantify naturalized flows, setting the amount of surface water in Kenya at 
about 29.9 BCM per year. Their estimate of groundwater availability, set at 0.62 BCM per year, was 
based on analysis of an extensive database.  
 
This study used the naturalized surface water flow estimate and the groundwater estimate made by 
JICA (1992) as the basis for the water resources assessment. The reason for this decision is that it is 
believed that JICA (1992) performed the most comprehensive and detailed study of water resources in 
Kenya. The average annual flow for our study was therefore set at 29.9 BCM per year because it is 
believed to represent the flows in rivers in their original natural state, without abstraction or development. 
This study also assumed 0.62 BCM per year as the safe groundwater yield.  
 
Table 11.  Estimates of Kenya’s Surface and Groundwater Resources 

Source Surface water Groundwater 
(BCM) (BCM) 

MoWD / JICA (1992) 29.9 0.62 
UNESCO (2004) 17.2 3.0 
MoWI (2007) 19.6 2.1 
MoWI (2009) 19.7 0.62 
 
Since variability is high, Kenya requires a reliability-based approach to water resources assessment 
and allocation.  This is a way to more clearly capture the risks of not having water at any given time 
based on historical variability. Assessments based on availability use the coefficient of variation of the 
mean annual flow to calculate the amount of water that can reliability be abstracted a certain percentage 
of the time.  In the absence of development, as assumed in the water balance assessment, reliable yield is 
determined by making use of flow duration curves. A river flow duration curve represents the exceedance 
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probability of all flows. Therefore, the magnitude of a flow that is deemed to be associated with a 
reliability of 80 percent is the flow magnitude that will be exceeded 80 percent of the time.  
A yield calculated at 80 percent is therefore an estimate of the amount of water that can be reliably 
abstracted 80 percent of the time, based on historical variability.  
 
This study made new estimates of Kenya’s safe surface water yield at 80 percent and 90 percent levels 
of reliability. The safe yields obtained through this study therefore differ from previous estimates, which 
were not clearly reliability-based. In this study the amounts of water available for use at 80 percent and 90 
percent reliability was further reduced to account for environmental flow requirements.  
 
The effective yield was quantified as the yields that can be obtained from a river at specified reliability, 
plus the safe groundwater yield, less the required environmental flow releases. Following the 
recommendations of the MWI, the environmental flow was set equal to the annual volume of water 
flowing in a river that is exceeded 95 percent of the time. The safe groundwater yield values were 
obtained from the National Water Master Plan (JICA 1992) based on a recharge rate of 0.62 BCM per 
year. The results of these calculations are shown in Table 12. The effective yields available for urban and 
agricultural use are shown in Table 13 for each catchment. 
 
Table 12. Reliable yield of surface and groundwater by catchment  

 Catchment  

Surface Water (MCM per 
year) 

Groundwater 
(MCM per year) 

Environmental 
Flow 
Requirement 
(MCM per 
year) 

Reliability Level 

80% 90% 
1 Lake Victoria  7,226 5,242 97 3,873 
2 Rift Valley 2,057 1,515 125 1,087 
3 Athi River  1,083 728 183 474 
4 Tana River  3,819 2,797 114 2,052 
5 Ewaso Ng’iro  653 504 101 402 
  TOTAL 14,837 10,786 620 7,888 
 
Table 13. Effective yield by catchment  

Catchment 
Effective Yield (MCM/yr) 

80% Reliability 90% Reliability 
1 Lake Victoria  3,450 1,466 
2 Rift Valley 1,095 553 
3 Athi River  792 438 
4 Tana River  1,880 858 
5 Ewaso Ng’iro  352 203 
  TOTAL 7,569 3,518 
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CHAPTER 4  BALANCE BETWEEN REQUIREMENTS AND 
RESOURCES  

 

4.1 Water Balance: Kenya’s water stress 

This study updated the water balance for all of Kenya to identify water stressed areas. The water 
balance included updates of sectoral water demands for 2010 and 2030, and new estimates of effective 
yield at 80 percent and 90 percent reliabilities (without dams) as explained in Chapters 2 and 3. The 
requirements for each year were subtracted from the available water for each subcatchment at the required 
level of reliability.  Any resulting water deficits are shown in cm of water by normalizing deficit amount 
of water (MCM/year) divided by sub catchment area (km2).  The initial water balance neither recognized 
existing dams nor inter-basin transfers, though these were later considered. Areas where water deficits 
exist are said to be water stressed.  
 
The water balance assessment was done by using GIS to bring together water availability and sectoral 
water use requirements.  The GIS database also included information on geography, climate, water 
resources, floods and droughts, poverty, development plans, and other information and allowed this 
information to be visualized and analyzed spatially.  
 
GOK’s water allocation guidelines give priority to users but do not specify reliability requirements. The 
highest priority user is defined as urban water supply (domestic, industrial, and commercial), then 
livestock, and allocating the remaining water to irrigation.  While the guidelines do not specify reliability 
requirements, MWI indicated that 80 percent reliable yields should be used through discussions with the 
World Bank.  In order to take a conservative approach, however, the required water supply reliability to 
meet urban and livestock needs was set at 90 percent. This means that, based on historic variability, urban 
and livestock water needs will be met 90 percent of the time.  This approach minimizes the risk associated 
with not being able to provide water to urban areas and to meet drinking water needs for livestock.  This 
reliability specification more closely resembles international standards, which are meant to minimize the 
risk of not having sufficient water.  Irrigation needs were set at 80 percent reliability, as irrigation 
requirements are usually able to take more risk of water being unavailable than cities are. 

This chapter presents the methodology, assumptions, and results of the water balance assessment.  The water 
balance was calculated by subtracting the sectoral water requirements in each subcatchment from the effective 
yield at the required reliability.  Ninety percent reliability was used for urban (domestic, industrial, and 
commercial) and livestock demands, while 80 percent reliability was used for irrigation.  Subcatchments with 
overall deficits (requirements exceed the availability) are defined as water stressed.   
 
The water balance resulted in the identification of sub-catchments currently experiencing water stress, as well 
as sub-catchments expected to become water stressed by 2030. Sub-catchments with the most urgent water 
resources development needs were selected based on their potential to contribute to important national 
economic growth and/or poverty reduction goals.  
 
The water stressed areas are presented at the end of this chapter.  While Kenya on average is not water 
stressed, deficit areas where water availability is not sufficient to meet all requirements exist, meaning that 
there is a spatial mismatch between water requirements and reliable water availability (without dams).  
Nairobi, Mombasa, Embu, Nyeri, and Kisumu are under a significant level of water stress, while many other 
ASAL catchments have lower levels of water stress.  These water deficits are expected to worsen. The next 
chapter discusses possible interventions to reduce water stress in these priority areas.  
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Each water stressed area was then analyzed with respect to its importance to Kenya’s national 
development plans.  Using GIS, this study could capture the spatial linkages between the country’s 
development priorities and water stress. Areas with great potential to contribute to economic growth were 
prioritized for water resources development investments.  
 
In this analysis, water stress is defined as the inability to meet all sectoral water requirements with the 
available water supply at the specified level of reliability. Areas with a negative water balance, meaning 
water deficits, is said to be water stressed in this analysis.  If a deficit were to occur at 90 percent 
reliability, it means that the urban and livestock water requirements are greater than the 90 percent 
reliable yield.  Likewise, a deficit at 80 percent reliability means that the irrigation water requirements 
exceed the 80 percent reliable yield.  
 
Existing water infrastructure shown in Table 1 is only included in the water balance assessment for 
Nairobi and the Coast.  When the water balance was calculated, the water stress in some areas appeared 
greater than in reality because existing dams and boreholes were not included.  In most areas, this rapid 
analysis was not greatly overestimating the deficits, so existing infrastructure was not incorporated. For 
Nairobi and the Coast, however, existing sources provide a significant amount of water, so they were later 
added into the analysis. This means that Nairobi and the Coast are the only two areas where the water 
balance does reflect existing water infrastructure. 
 

4.2 Current water stress  

The results of the water balance show that in 2010 Kenya is water stressed in 62 of 197 subcatchments, 
or about 31 percent, meaning that there are deficits because the requirements exceed the reliable supply.  
Table 14 summarizes the water balance and total deficit in each of the five catchments. The table shows 
the safe yields for 80 percent and 90 percent reliabilities and the water requirements for the same 
reliabilities. The water balance is presented for each catchment by showing the amount of either surplus 
or deficit water at 80 percent and 90 percent reliabilities.  
 
Where the water balance shows positive water availability, there is no water stress, meaning that all 
requirements could be met at the specified level of reliability were there adequate investment in 
abstracting and distributing the water. Where the water balance shows negative water availability, the 
catchment is water scarce, meaning that there is not enough water at the specified reliability to meet all 
requirements. The last column presents the total of all of the deficit areas in each catchment, to show that 
though the water balance might be positive, water used and availability are mismatched.  Athi is the only 
catchment with overall water scarcity in 2010, though Ewaso Ng’iro is approaching water stress at 80 
percent reliability.   
 
The shading in the background of  

Figure 21 shows the water deficits in centimeters over the subcatchments, while the pie charts in the 
foreground show the relative contribution of each water consuming sector in each of the five catchments.  
 
The water balance is not merely the difference between the total effective yield and the total requirements 
for a catchment because effective yield from potential sources was allocated using variable reliability 
needs (see Box 2). This means that some sub-catchments may have severe shortages of water for each of 
the reliabilities, while other may have significant surpluses.  
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Box 2. Understanding Variable Reliability Water Resource Allocation  
 
The water allocation rules used for the water balance can be difficult to visualize. The figures below illustrate 
possible relationships between yield and reliability for a given sub-catchment. The solid line in the figure represents 
the duration curve for flow in an undeveloped river. It indicates that the amount of water that the water resource 
yields at a reliability of 80 percent (yield A) is greater than at a reliability of 90 percent (yield B).   
 
For Kenya, the first objective is to allocate water at the 90 percent reliability level to satisfy the needs of urban 
consumers and livestock, the highest reliability users.  The remaining water at 80 percent reliability can then be 
allocated to irrigation, the lower reliability user. In the figures below, the amount of water that is allocated to meet 
urban and livestock needs is represented by b.  
 
Once this water has been allocated the remaining water can be supplied to irrigation at 80 percent reliability.  The 
total amount of water that can be allocated to irrigation is the difference between A and b.  If the irrigation water 
demand is equal to a minus b, it means that enough water is available for all sectors – urban, livestock, and irrigated 
agriculture.   In figure 1, there is enough water for all water users.   
 
In cases where enough water is not available, there are water deficits. Deficits can occur in multiple ways since the 
amounts of water available for high reliability and low reliability users differ. Scenarios that may arise in the case of 
deficits are shown below, following a clockwise pattern.  The entire catchment or country may show a positive 
value, but regional deficits may exist, indicating a spatial mismatch between water needs and water availability.  
  

1. Satisfying all water requirements 2. Deficit at 80% reliability 

3. Deficit at 90% reliability 4. Deficits at 90% and 80% reliabilities 
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Figure 21. 2010 Water Balance  

 
 
Table 14. 2010 water requirements by sector and total deficits by catchment (MCM per year) 

Catchment  
Total Effective Yield 
(MCM/year) 

Water Requirement 
(MCM/yr) 

Water Balance 
(MCM/yr) 

Total water 
available in areas of 
deficit (MCM/yr)* 80% 90% 80% 90% 90% 80% 

Lake Victoria 3443 1459 552 438 1,021 2,453 -271 
Rift Valley  1095 553 260 178 375 657 -115 
Athi  807 446 375 541 -95 -110 -824 
Tana  1880 858 1424 215 643 242 -970 
Ewaso Ng'iro 352 203 230 110 93 12 -179 
TOTAL  7576 3519 2840 1483 2,036 3,253 -2,360 
*Note: This represents the aggregate of the deficits at 80 percent and 90 percent reliability 
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In 2010, Kenya is not water stressed as a country, but each catchment has subcatchments with deficits. 
Table 14 illustrates that the water supply needs in all catchments can be met except Athi if water is 
transferred from one sub-catchment to another or if water resource infrastructure is built to increase the 
reliable supply.  
 
Despite the results abstractions in much of Kenya are low, leading every catchment to experience 
economic water scarcity.  Economic water scarcity occurs when sufficient water may be physically 
available but cannot be accessed due to inadequate infrastructure development and insufficient financial, 
human, and/or institutional capacity (IWMI 2007).  This is a useful distinction to explain that not all 
water requirements are being met through water resources infrastructure and services in subcatchments 
with a water surplus. This study did not assess the important issue of water services because it is being 
addressed through separate projects and studies. 
 
The results of this water balance show that the majority of Kenya could meet current water requirements 
through the improvement and development of water service infrastructure, without identifying and 
developing new water sources. This means that in subcatchments without water stress, sufficient water is 
available, though it probably is not being accessed or delivered for all sectors to use.  In subcatchments 
that are water stressed, surface water storage can increase the reliable water supply by providing 
additional reliable yield, and interbasin transfers can also be used to provide additional water. 
 
In 2010, water stress is most critical in the subcatchments containing or bordering Nairobi, Mombasa, 
and Kisumu, because the high deficits and because of their economic development potential. Many of the 
ASAL subcatchments in the rest of the country experience smaller physical water deficits, which are 
considered as second priorities. Again, the water stress based on water resources availability may differ 
from the water stress felt by the population, as the latter may be caused not by the shortage of available 
water in the subcatchment but rather by poor water service infrastructure.  
 
The water balance also provided valuable information about the status of water use and availability in 
each of the major catchments, which are summarized below on a catchment basis. 
 
The Athi catchment is the only main catchment to have a water deficit between water availability and 
use requirements in 2010. Because Athi contains both Nairobi and Mombasa, it experiences most of the 
water stress associated with supplying these two main cities, which together account for the majority of 
Kenya’s economy.  This means that the economic impacts of Athi’s water deficit are immense.  With the 
exception of the districts in Central Province, all of the Athi catchment is semi-arid. Though the main 
deficits occur around Nairobi and Mombasa, many subcatchments in the rest of the catchment still 
experience low levels of water stress. Fifty-seven percent of the water requirement in the Athi catchment 
comes from urban uses (domestic, industrial, commercial, and institutional), but the remaining 
agricultural water requirements are also considerable.  Of the total water requirement of 961 MCM per 
year, 95 MCM per year of the urban and livestock requirements and 110 MCM per year of the irrigation 
requirement cannot be met.  The deficits at all reliabilities total 824 MCM per year.  
 
Nairobi, in the Athi catchment, is a highly water-stressed and economically important area.  Nairobi 
contributes 50 percent of Kenya’s GDP, and is both capital city and business hub of the nation (AWSB 
2009a).  In the Nairobi metropolitan area, requirements exceed the reliable resource base and this water 
stress is exacerbated by low urban water coverage rates, high non-revenue water, and limited recent 
development of new water sources.  After accounting for interbasin surface water and groundwater 
transfers, including 90 percent reliable yield from Ndakaini, Sasumua, and Ruiru dams, as well as Kikuyu 
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Springs and groundwater from subcatchments outside of Nairobi, the deficit for the Nairobi area was 
calculated as 122 MCM per year (334,942 m3 per day). This includes urban and livestock uses only, as 
irrigation is negligible in the Nairobi area. 
 
The water needs in Nairobi Province are driven by domestic use (65 percent), with industrial and 
commercial uses accounting for the remainder. The Nairobi City population in 2009 was estimated at 3.1 
million, but if satellite towns are included, the total is between 4.5 and 5 million.  
 
This study estimated the overall urban water requirement for Nairobi subcatchments to be 304 MCM per 
year (832,876 m3 per day) in 2010. The Athi Water Services Board (AWSB) estimated in 2009 that total 
water production by WSPs for Nairobi was estimated at somewhere between 142 MCM per year, 
including only surface water, and 246 MCM per year, including groundwater estimates (AWSB 2009a). 
Though it is officially estimated that 95 percent of the Nairobi’s population gets water for domestic and 
commercial use from the Nairobi water supply system, WRMA estimated in 2007 that groundwater might 
account for as much as 25 percent of Nairobi’s water supply. The AWSB estimates that groundwater 
abstraction could range from 31 to 56 MCM per year (AWSB 2009a). 
 
The Mombasa area, also in the Athi Catchment, is a key water stressed area because of the water deficit 
currently experienced there as well as the region’s economic importance.  Mombasa is the second-largest 
city in Kenya, and the main economic activity on the Coast is currently tourism; the Coast region 
currently contributes 70 percent of Kenya’s tourism.  Mombasa also hosts East Africa’s largest port, 
making it a major trade center.  The port of Mombasa serves as a gateway not only for Kenya but also for 
Uganda, Rwanda, Burundi, eastern DRC, Southern Sudan, and southern Ethiopia. 
 
The Coast Region overall is estimated to be home to 3.3 million people, with the Mombasa city and 
metropolitan area populations totaling approximately 523,000 and 939,000, respectively, as of the 2009 
census.  In the subcatchments containing Mombasa, the major water requirements are irrigation (115 
MCM per year, or 62 percent of total) and urban water use (65 MCM per year, 37 percent). The total of 
all water deficits for these subcatchments is 216 MCM per year.  
 
The Coast Water Services Board (CWSB) estimates the total water from existing sources for Mombasa to 
be 40 MCM per year. The existing sources include Mzima springs and pipeline, Baricho water works 
(groundwater), Tiwi boreholes, Marere springs and pipeline, and the smaller Taveta Lumi, Lamu, and 
Hola water supply systems. Current water services coverage is estimated at 23 percent (CWSB 2010).  
The total urban water deficit calculated for the subcatchments containing Mombasa is 176 MCM per year. 
 
Water use in the Tana catchment is dominated by irrigation demand, which accounts for 87 percent of 
the overall water requirement. The Tana catchment has the highest overall water requirements of any 
catchment in Kenya and the second highest water availability, despite being characterized by ASALs west 
of Embu district. Surface water availability at 80 percent reliability is sufficient to meet the total 
requirements, even with the significant environmental flow requirement and low levels of water stress in 
much of the catchment. The subcatchments surrounding Embu and Nyeri, as mentioned above, also 
experience significant water stress due to their high irrigation water requirements.  
 
The areas with the highest water deficits calculated through this study are the regions in Eastern Province 
that surround Embu and Nyeri.  Ninety-five percent of the water use requirement in these subcatchments 
comes from irrigated agriculture. The current water deficit in this area was calculated as 577 MCM per 
year.   
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The Lake Victoria catchment has the most abundant water availability and highest population density 
of any catchment in Kenya.  Western Kenya also has a high incidence of poverty and is the most flood 
prone region in Kenya, experiencing perennial flooding.  The poverty incidence in Western Province is 61 
percent, and in Nyanza Province is 64.6 percent (Ndeng'e et al 2003), and the combined population is 9.8 
million as of the 2009 census.  Flooding is becoming more frequent and intense due to increasing 
catchment degradation and deforestation, changing land use patterns that include more hillside cultivation 
and encroachment into floodplains, and lack of flood control infrastructure. These factors combined leave 
the Lake Victoria catchment very vulnerable to the effects of floods.   
 
In the Lake Victoria catchment, irrigation accounts for over half of the overall water requirement (56 
percent), while domestic water use accounts for an additional 31 percent. The subcatchments surrounding 
Kisumu are critically water stressed, though the rest of the catchment is not (even in semi-arid districts), 
and the water balance shows that available water after meeting all requirements is around 2.4 BCM per 
year at 80 percent reliability. The surplus indicates that interbasin transfers and water storage could 
alleviate Kisumu’s water stress. 
 
Kisumu, in the Lake Victoria Catchment and the economic hub of Western Kenya, was also identified as 
an important water stressed areas. Kisumu, located in Nyanza Province, is the third largest city in Kenya 
and home to an important port on Lake Victoria. Due to its location, Kisumu has become an important 
city in the East African community, and a main point of trade. The 2009 census put the population of 
Kisumu East and Kisumu West at 619,556. 
 
Kisumu’s water requirements were calculated in this study to exceed reliable availability. In this area, 
even though it contains a major city, the main water user is irrigated agriculture, which constitutes 84 
percent of total water requirements, with the remaining amount contributed by urban demands.  The total 
deficit for the subcatchments surrounding Kisumu was calculated to be 3 MCM per year for urban and 
livestock demands, and of 250 MCM per year for irrigation.   
 
Almost all of the Ewaso Ng’iro catchment is arid or semi-arid, and groundwater accounts for a 
significant amount of total water availability.  Groundwater accounts for 18 percent of water availability 
at 80 percent reliability.  The net water availability after accounting for environmental flows was 
calculated as 352 MCM per year, of which groundwater accounts for 40 percent. Though parts of the 
catchment are experiencing low levels of water stress, overall, water requirements are low in this part of 
Kenya, meaning that there are not large deficits.  The Ewaso Ng’iro catchment, however, is drought-
prone, and due to poor water service infrastructure to allow the population to access their water resources, 
these areas experience water scarcity beyond what is physically available.  Access rates remain low, and 
poverty rates in the Ewaso Ng’iro catchment remain high.  Irrigation accounts for 68 percent of water use, 
though this is mostly limited to the parts of the catchment located in the central part of Kenya.  Domestic 
water use accounts for an additional 22 percent of demand. 
 
Water use requirements in the Rift Valley catchment are similarly distributed to those in Lake Victoria, 
with irrigation accounting for 59 percent of overall requirements, and domestic accounting for 27 percent.  
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4.3 Future water stress 

By 2030, this study predicts that Kenya will experience water stress due to deficits between water 
availability and requirements in 84 of 197 subcatchments, or 43 percent.  This is an increase of 12 
percent from the 31 percent of water stressed subcatchments in 2010.  Not only will more subctachments 
experience deficits, but existing deficits will increase due to increasing water demands.  This assumes that 
water availability will stay the same, meaning that no new water resources development has taken place, 
so the same yields were used for the 2030 water balance as for the 2010 water balance.  The total water 
requirement for all sectors was calculated as 6.3 BCM per year. Figure 22 and Table 15 present the results 
of the future water balance. 
 
The Athi and Ewaso Ng’iro catchments are predicted through this study to have overall water deficits 
by 2030, assuming no new water resources development to increase reliability of the available water in 
those catchments.  For the Athi catchment, this is a worsening of an existing deficit, while Ewaso Ng’iro 
is the only new catchment to become water stressed. This means that in the Athi and Ewaso Ng’iro 
catchments, water is predicted to become a limiting factor to the achievement of Kenya’s development 
goals.  The Athi catchment is important for growth, while the Ewaso Ng’iro catchment has some of the 
highest poverty rates in the country. Water resources development is critical to increase the reliable 
supply of water in 2030 so that these goals can be achieved.  The water deficit of Ewaso Ng’iro could be 
much greater if we consider expected economic development works, such as irrigation, livestock and 
associated agro-industry. It is rather difficult to estimate future water requirements beyond projection on 
current trends unless specific development plans including location and size are provided.   
 
The intensity of the water deficits in the Nairobi area are projected to worsen significantly, to a total 
deficit of 506 MCM per year.  The main drivers of this increase are population and economic 
development, as the growth rate for Nairobi is expected to remain high and expansion of financial 
services, manufacturing, trade, and tourism will affect the city. Commercial and industrial water demand 
is expected to increase its share of Nairobi’s water requirement.  
  
The same is true for Mombasa, which is expected to have an urban water deficit of 344 MCM per year in 
2030as a result of expanding population and economic activity. The total of all sector deficits is projected 
to be 384 MCM per year.  The Kilifi area on the Coast is also expected to have a significant water deficit 
by 2030, driven by the same factors, as well as additional irrigation development. 
 
The Tana catchment is approaching water stress in 2030, but would definitely become water stressed were 
major irrigation development plans be implemented.  GOK’s plans for a Tana Catchment Agricultural 
Development Scheme as a flagship project under Vision 2030 have not yet been factored into the future 
water balance, but mention up to 1.2 million ha of new irrigation.  The water requirements for this would 
certainly by far exceed the available 40 MCM per year yield remaining at 80 percent reliability.  This 
means that major irrigation development in the Tana catchment would not be possible without increasing 
the water supply at 80 percent reliability – in other words, large scale irrigation development would need 
to be accompanied by large-scale dams or other infrastructure. 
 
The majority of new irrigation development in 2030 has been assigned to the Lake Victoria, Rift Valley, 
and Athi catchments. In Rift Valley, this has led to water stress near Lake Baringo, Lake Naivasha, and 
Lake Nakuru.  In the Lake Victoria catchment, population growth and new irrigation development has 
caused increased water stress in Kisumu and new water stress surrounding Mumias, Bungoma, Webuye, 
Eldoret, and Kisii. 
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Table 15. 2030 water requirements by sector and total deficits by catchment (MCM per year) 

Catchment Safe Yield Water Requirement Water Balance Total Deficit 80% 90% 80% 90% 90% 80% 
Lake Victoria 3,443 1,459 937 692 767 1,814 -472 
Rift Valley  1,095 553 416 290 263 389 -283 
Athi  807 446 573 1,091 -644 -857 -1,962 
Tana  1,880 858 1,499 341 517 40 -1,092 
Ewaso Ng'iro 352 203 290 176 26 -114 -314 
TOTAL  7,576 3,519 3,714 2,590 929 1,272 -4,124 

 

Figure 22. 2030 Water Balance 
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The general increase in water stress can in large part be attributed to new irrigation development, as 
irrigated agriculture is the largest water user in Kenya.  This study has assumed new irrigation 
development at a rate of 7 percent per year, which is much more conservative than the GOK figure in 
Vision 2030 of developing 32,000 ha per year.  In some catchments, the water available at 80 percent 
reliability could allow for this increased irrigation, but in others, increased reliable water supply would be 
necessary to meet the new irrigation requirement. 
 
The water balance allowed for identification of the key water stressed areas, which include Nairobi, 
Mombasa, and parts of Lake Victoria North (including Kisumu and Eldoret) and South (including Kisii). 
The next chapter presents the potential to augment the reliable water supply to these key areas through 
water resources development.    
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CHAPTER 5  WATER STORAGE INVESTMENTS:  PRELIMINARY 
SCREENING RESULTS  

 
 

5.1 Focus on surface water storage 

GOK is focusing on new water storage development to achieve water security and this study similarly 
considered only surface water storage investments. GOK has prepared a draft National Water Harvesting 
and Storage Management Policy with the goal of increasing water storage from 124 MCM to 4.5 BCM by 
2020.  The draft Policy is accompanied by a preliminary list drafted by MWI of 22 dams for development 
with a combined volume of 3.2 BCM and an investment cost of US$ 1.5 billion.  This study similarly 
analyzed potential water storage investments.  
 
This study did not comprehensively analyze all water resources development options, which may also 
include groundwater, desalination, and other investments. These other options might be cost effective 
and sustainable in some particular areas, but were outside of the scope of this study.  Groundwater 
assessment requires detailed, on-site hydro-geological surveys and data to assess safe yield as a result of 
its more complex underground system. This study should not preclude consideration of other raw water 
supply options for specific cities or areas through future scoping and feasibility level studies, some of 
which are ongoing under WaSSIP for Nairobi and the Coast.  Though water harvesting was not 
considered to meet all water needs, IFPRI undertook a detailed assessment of water harvesting for small-
scale irrigation based on pixel (1 km x 1 km) nationwide for this study. The IFPRI results are important to 
assess potentially high growth area of small scale irrigation using water harvesting techniques.  
 

5.2 Rapid screening of potential dam sites: Assumptions and limitations  

The preliminary screening of water storage investments undertaken in this analysis focused on surface 
water storage options to serve water-stressed areas. Areas were first screened through the water balance 
to determine their level of water stress, as explained in Chapter 4.  Water storage investments were then 
identified around main water-stressed growth centers where population, industry, trade, and other 
economic activities are concentrated. The purpose of focusing on growth centers was to achieve higher 
economic returns to potential water storage investments.  A reliable water supply can improve the 

This chapter presents a preliminary screening of potential storage investments based on physical, 
hydrological, and economic criteria.  The study assessed the storage-yield-reliability characteristics of 225 
dams originally identified in the 1992 National Water Master Plan (JICA) to narrow down a short list of dams 
for further analysis. The criteria used included the distance from the dam site to important water stressed 
areas; the reliable yield from the storage; estimated benefits from the storage for urban water supply, 
livestock, irrigation, and hydropower; estimated capital, operation, and maintenance costs of the dam; costs of 
associated infrastructure for water conveyance and irrigation; and the sensitivity of the reservoir yield to 
climate variability and cost variability. GOK’s priority dam sites under Vision 2030 were also considered.   
 
The results are considered preliminary, as a complete and robust screening of dams would require the 
incorporation of environmental and social criteria.  Possible hydrological and economic interdependencies 
between the potential investments also need to be considered.  This detailed assessment will be done at the 
next stages of the investment analysis.    
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performance of the agricultural, manufacturing, and service sectors by protecting against the risks of 
hydrological variability.  
 
This study assessed the hydrologic potential and economic viability of 225 dams that were originally 
identified in the National Water Master Plan (JICA 1992). The assessment of hydrologic potential 
quantified the amount of water that can be supplied from these dams at reliabilities of 80 percent, 90 
percent and 95 percent. This was done using a rapid assessment technique known as the Gould-Dincer 
method (McMahon et al. 2007). The Gould-Dincer method establishes a relationship between the amount 
of water abstracted from a river, reservoir volume, reliability of water supply, and river flow statistics of 
the annual mean flow and coefficient of variation. The analysis considered not only possible reservoir 
capacity at dam sites, but also available runoff discharge from the catchment to dam reservoirs and their 
possible changes by sedimentation and climate change impacts.   
 
Estimates of sediment yield and evaporation were made at each of the dams investigated. Sediment 
yield estimates used values provided by JICA (1992), who made a sediment yield predictions for each 
dam on its list of potential dam sites. The reservoir volume that was used to calculate yield was the 
volume that would exist after 50 years of sedimentation. The dams associated with sedimentation that 
entirely filled the reservoirs in 50 years were deemed not sustainable. The net effective yield was then 
calculated as the yield from each reservoir less the environmental flow required downstream of each dam. 
Annex C contains a description of the method and presents analysis results. The losses due to evaporation 
at all the dam sites are not known because the information pertaining to the water surface area exposed to 
the atmosphere at each dam site is currently unknown.  This information was only available at 24 dam 
sites studied in depth by JICA. An allowance for evaporation was made by subtracting 1 percent of the 
reservoir volume at each reservoir from the estimated active storage volume. 
 
The results are considered preliminary, as a complete and robust screening of dams would require the 
incorporation of additional criteria.  Environmental and social aspects of the potential investments need 
to be analyzed before investment decisions can be made. Possible hydrological and economic 
interdependencies between the potential investments also need to be considered.  Additional studies are 
needed to comprehensively conduct detailed assessments of projects feasibility, including environmental, 
social, financial, and detailed economic aspects.  Through consultations with the GOK and subsequent 
studies, the list of potential storage sites should be further screened using the full set of criteria for the 
prioritization.  The current list of potential storage sites should be further revised to reflect any addition or 
deletions resulting from a fuller screening according to the framework outlined in Chapter 1. 

5.2.1 Construction cost and volume of water available  
 
Potential dams were initially screened according to the ratio of the estimated cost of the dam to the 
amount of yield. After ranking the dams from the highest to the lowest efficiency based on this ratio, the 
most efficient 60 dams were selected. GOK’s proposed list of 24 dams was cross-checked with this list, 
and the 13 dams that were not included in the list of 60 dams were added. The total number of dams 
finally considered was 73 dams.  
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Figure 23. Prioritization steps: First screening reduces the initial set of 225 dams to 73 

  
 

5.2.2 Impacts on water stressed areas of economic importance  
 
This study analyzed multipurpose and cost-effective investments in the areas with a high potential to 
contribute to the country’s development goals. The study used spatial tools to identify areas where water 
scarce areas and growth potential centers are co-located.  This made it possible to identify priority sub-
catchments where water might be a constraint to growth and where the marginal value of an additional 
unit of water is expected to be the highest.  Potential dams that could serve these areas were expected to 
bring the maximum economic returns. 
 
The remaining set of potential storage sites was further examined to identify dams with potential for 
considerable impact on the identified highly water stressed areas, starting with the most upstream dams 
with the largest yields. The assessment was done spatially, by overlaying the water balance with the 
impact area of each dam. The criteria included the proximity to key water stressed areas, elevation of dam 
location, and resilience to potential climate change impacts. Dams at high elevations were preferred to 
those at low elevations because they can serve larger areas downstream, requiring no or minimal 
pumping. 
 
As river flow becomes more variable due to climate change effects, reservoirs will need to be larger to 
retain the same reliability of water supply. The two hydrologic parameters in rivers most affected by 
climate change are average annual flow and the coefficient of variation of the annual flow – in other 
words, flow variability.  These two parameters are also critical for determining the volume of storage to 
supply water at a required reliability. The sensitivity of reservoir yield and reservoir storage to changes in 
flow variability is presented in Figure 24 for a reliability of water supply equaling 80 percent. Reservoir 
yield is expressed in dimensionless terms, i.e. it has been divided by the mean annual flow in the river 
(MAF). This means that a dimensionless yield of 0.50 is equal to 50 percent of the mean annual flow. 
Reservoir volume is also expressed as a fraction of the mean annual flow in a river. For example, a small 
reservoir may have a dimensionless storage of, say, 0.1.  This means that the reservoir volume is equal to 
about 10 percent of the mean annual flow in the river. The coefficient of variation of annual flow in 
Figure 24, i.e. the standard deviation of the annual flow divided by the annual mean of the flow, ranges 
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between 0.2 and 0.8 (a feasible range for flow variability).  From Figure 24 it is noted that yield from 
hydrologically small reservoirs are very sensitive to changes in the coefficient of variation, while yield 
from hydrologically large reservoirs are less sensitive. This means that hydrologically large reservoirs are 
more robust to the effects of climate change than hydrologically small reservoirs.  It is therefore 
preferable to construct hydrologically large reservoirs rather than small reservoirs to account for the 
possible effects of climate change.   
 
Figure 24 Sensitivity of Dimensionless Yield to Annual Coefficient of Variation of River Flow 

 
 
The assessment resulted in a set of 37 dams, which were then subjected to a cost-benefit analysis. The 
total amount of yield that can be provided by these 37 dams at 80 percent reliability is 21.6 BCM (note 
that there is overlap). At 90 percent reliability, this is reduced to 13.7 BCM, and further to 8.1 BCM for 
95 percent reliability.   
 

5.3 Framework for the economic evaluation of potential investments  

Dam storage options were economically analyzed through a cost-benefit analysis (CBA).  The analysis 
compared the current situation in the catchment without the dam and to the scenario when the dam is 
built. Each storage development option was considered independently, meaning that any 
interdependencies or mutually exclusive dams were not considered.  The options assumed a fixed 
implementation schedule for its investment component depending on storage development costs.   
 
The assessment used GIS tools to accomplish the following:  

(i) Estimate dam yields through spatial extrapolation of the available hydrological data;  
(ii) Spatially define a command area or impact zone;  
(iii) Define sectoral water demands by command area for each year of the project’s lifetime, using a 

zonal spatial statistics tool; 
(iv) Estimate pumping costs as part of the water conveyance costs, based on the elevation of the 

assumed intake locations;  
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(v) Estimate distances between cities and intake location; and  
(vi) Estimate dam construction’s benefits by sector by year by spatially extracting data on covered 

water demands in the impact areas, at a given yield allocation.  
 
A framework for economic evaluation developed for this analysis is presented in Figure 25.  
 
The costs and benefits of the investment scenarios were evaluated in incremental terms relative to the 
no-dam option. Scenario costs include the lifetime costs of investing and operating the proposed 
infrastructure. Costs are expressed in present value terms, discounted at a 12 percent annual rate, over a 
40 year assumed lifetime of the dam. The net present value (NPV), benefit-cost ratio and the economic 
internal rate of return (EIRR) were calculated to evaluate the economic merits of the proposed storage 
development options. The analysis used 2010 prices.  
 
The analysis established a set of costs and benefits associated with the storage development options. 
Table 16 lists the costs and benefits included in the assessment. The cost estimates for the storage 
investments are based on information available in the National Water Master Plan (JICA 1992) or other 
feasibility studies (where available) and information obtained during the national consultations carried out 
between February and November 2010.  
 
Table 16. Cost and Benefits of storage development options included in the analysis 

COSTS BENEFITS 
Dam construction costs Increased water availability for urban consumption 
Operation and maintenance of constructed dam Increased water availability for livestock 
Capital  costs of water supply (WS) conveyance 
system to urban consumers 

New irrigation development (quantified through irrigation 
potential modeling) 

Operation and maintenance of WS systems Increase in hydropower production due to new investments 
Costs of hydropower generation 

 
Due to the limited scope of this analysis, it was not possible to capture the full range of potential 
benefits and costs resulting from the different storage development options.  Not all dam sites have been 
studied to the same extent, limiting the available information on cost and benefits. Only benefits resulting 
from the impacts in the main water using sectors such as urban water supply, livestock, irrigation and 
energy were considered. This excludes benefits from other productive sectors, as well as broader social 
and environmental benefits (e.g., flood control, fisheries, navigation, and recreation) that are likely to 
arise from the development of new water storage.  
 
On the cost side, the analysis included only infrastructure-related investment costs (i.e., the costs of dams, 
water conveyance systems, irrigation infrastructure) and did not consider the costs of potential 
environmental and social impacts of water storage construction, which might include resettlement or 
increased inundation areas. Given the preliminary nature of the analysis conducted, the partial 
quantification of costs and benefits as described above is considered appropriate. A sensitivity analysis to 
assess the effects of variations in the benefit and cost values was conducted to evaluate the robustness of 
the investment recommendations. 
 
The allocation of yield from dams followed the same water allocation rules used in the water balance.  
This gave priority to all urban and livestock requirements at 90 percent reliability followed by irrigation at 
80 percent reliability.   
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Figure 25. Methodology for cost-benefit analysis of potential storage investments 

 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.3.1 Costs of storage investments  
 
Dam construction cost was estimated by using a relationship between cost and embankment volume 
presented in the National Water Master Plan (JICA 1992). This relationship is a rapid way to estimate 
the cost of a dam based on the embankment volume and assuming the construction of embankment dams, 
which are constructed from earth materials like soil or rock. The implementation schedule was developed 
considering the cost of reservoir development projects.  In order to consider inflation since the 1992 

Identification of “impact zone” of a dam 
Using a digital elevation model the catchment area downstream the 
dam is defined 

Identification of high irrigation 
potential areas in the impact zone 
- Spatial analysis based on SPAM model 
of IFPRI) 

Estimation of Economic Benefits 
- Extraction of relevant to the impact zone  
GIS datasets  
- Tabulation of storage benefits in physical terms 
- Estimation of benefits in economic values  

Allocation of the dam yield  
- Define sectoral water demands by command area 
for each year of the project’s lifetime, using a zonal 
spatial statistics tool 
- Allocate safe yield of the dam to sectoral water 
uses according to priority allocation rules 
 

Estimation of project costs 
- Costs of storage (construction and O&M) 
- Costs of water conveyance costs from a dam to 
urban areas (capital and O&M) based on GIS zonal 
statistics on distances / topography) 
- Costs of irrigation infrastructure (capital and 
O&M)  

Cost-Benefit Analysis Indicators (NPV, IRR, Benefit/Cost ratio) 

GIS Platform:  geo-referenced datasets and GIS tools 
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report, costs were escalated by a factor of 1.55. The original 1992 relationship and the escalated 
relationship are shown in Figure 25.  JICA (1992) also published estimated embankment volumes for 
each of the dam sites they identified. These volumes were used to calculate the construction costs.  
 
Figure 26 Method used to estimate embankment dam construction cost  

 
Source: JICA 1992 
 
The estimation of water conveyance, pumping, treatment and distribution cost used a method 
facilitated by the World Bank (PEMCONSULT and Frame 2005). That extensive study reviewed 
construction cost for each Water Services Board area (excluding dams) and developed a spreadsheet to 
calculate the cost. In addition to the construction cost, the method estimating the operation and 
maintenance cost. The distance between the water source and the urban settlements were determined 
using GIS maps, but without selecting detailed routes.  Only urban settlements above 20,000 were 
included in the economic analysis, based on the assumption that it would not be economically feasible to 
built large water storage only to supply rural centers and small cities. Such water supply may be provided 
by groundwater or smaller storage facilities. 
 
Once the water conveyance cost was calculated using this method, the capital investment was divided 
into an initial investment and recurring investments incurred every five years up to 2045. This 
distribution was quantified by assuming that the main conveyance pipeline, water treatment plant and 40 
percent of the distribution system construction cost will be required for the initial investment. The 
operation and maintenance cost estimated with the referenced method are assumed to remain constant 
from year to year.  

5.3.2 Benefits of storage investments  
 
The value of the benefits of water provided for all urban uses was based on the results of surveys 
conducted in Nairobi, Mombasa, and Kakamega by the World Bank (2005). The willingness to pay 
survey in this study included 311 of the total of 674 sample households in Nairobi, Mombasa and 
Kakamega that did not have private piped connections. According to this study, 76 percent of the 
unconnected households included in the survey from Nairobi and Mombasa as well as in Kakamega 
(population of around 70,000) were willing to pay cost-recovery level prices for water service 
improvements of about $1 per m3 (US$ 1.1 in 2010 values), choosing one of the options offered.  
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The data necessary to estimate economic value of industrial and commercial water use in 28 urban 
settlements included in the analysis were not available to the study team. As a standard approach in 
preliminary economic assessment when the data necessary to estimate economic value of industrial and 
commercial water are absent, the value of domestic water was assumed as a base value for industrial and 
commercial water use.  This assumption is conservative, as the marginal value of additional water for 
industrial and commercial is expected to be higher than in domestic water use).  
 
The value of water use for livestock was based on the approach of Van Breugel et al (2010) and 
estimated at US$ 0.06 per m3.  The value accounts for livestock water use at animal and system level, 
including drinking needs and feed production water requirements. The requirements were estimated as a 
weighted average accounting for the four main livestock production systems in Kenya. 
 
The benefits of water used for irrigation were based on the results of the irrigation development 
potential study conducted by IFPRI. The results of the irrigation potential analysis were used to inform 
the overall prioritization of new water storage options.  The model was run for the 73 dams that emerged 
from the first screening of the 225 dam long list. The analysis combined hydro-geographic, market access 
and economic parameters to estimate irrigation investment potential.  
 
The potential area of irrigation for each dam, called the command area, was based on the assumption 
of gravity-based water delivery.  The command areas were defined by local topography using a digital 
elevation model.  The model identified locations that are potentially irrigable and the cost of delivering 
water to those locations. The potential command area is defined initially as any grid cell downstream and 
below the reservoir water level. In addition, the command area is set by a limit of 500 km from the dam 
location or the national border.  The model used biophysical and economic criteria to identify potentially 
irrigable areas and to calculate the cost of delivering water to those locations. 
 
The IFPRI study showed that there is high potential for large-scale irrigation tied to new dam 
development.  The results of this optimization model were used to inform the overall prioritization of new 
water storage options.  The results show that for the lowest-cost irrigation development scenario, 32 of the 
dams were profitable with an IRR over 12 percent, while the number drops to 26 for medium investment 
cost and to 23 at high investment cost. The associated irrigation potential can be seen in Table 17. Not all 
of these irrigation schemes may be feasible as the dams linked to supply irrigation water may have other 
priorities, such as drinking water supply.  The exact allocation of reservoir water may be adjusted and 
determined considering detailed water requirements and development plans for each case.  
 
Table 17. Irrigation potential and water demand from IFPRI study  

Type of Irrigation 
Development 

Low investment cost Medium investment cost High investment cost 

Area (ha) Water Demand 
(MCM/year) Area (ha) Water Demand 

(MCM/year) Area (ha) Water Demand 
(MCM/year) 

Small-scale  140,715 1,370   73,823 310  54,123 200 
Large-scale  585,319 4,600 460,515 3,700 435,410 3,500 
Note: These cannot be summed as some areas may overlap 
 
The analysis also accounted for potential hydropower benefits for dams with projected hydropower 
generation. The economic value of the power produced is assumed in this analysis as the replacement 
value, estimated at the cost of diesel oil energy production and assumed at US$ 0.206 per Kwh (World 
Bank 2010c). 
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5.4 Water storage investments: Results of preliminary economic analysis   

Thirty dams with positive NPV are economically viable based on the preliminary analysis and may be 
recommended for detailed technical studies.  These 30 dams should not be taken as a short list due to the 
omission of important criteria in this preliminary screening process.  Complete  criteria would include 
including analyses of possible hydrological interdependencies and investment packaging, and 
environmental and social impact assessment studies. The 30 potential investments would provide 5.62 
BCM of new storage at a cost of US$ 3.07 billion (Table 16).  The 30 potential investments were further 
analyzed by geographic area, below. 
 
Table 18. Results of preliminary economic analysis: 30 investments recommended for detailed study 

Dam 
Code 

Dam Name Dam cost 
(US$ 
Million) 

Cities supplied Reservoir 
Capacity 
(Mm3) 

Total Yield with 
Storage (Mm3/year) 

80% 90% 95% 
14 Hemsted's Brg. 238.15 Webuye, Kakamega, Mumias 260 325 252 189 
16 Naisabu 10.93 Webuye, Mumias, Kakamega 160 69 66 63 
22 Kiboro 53.17 Webuye, Mumias, Kakamega, 

Kitale 
70 46 42 39 

27 Lugari 367.95 Webuye, Mumias, Kakamega, 
Bungoma 

440 642 421 229 

38 Nandi Forest 254.1 Webuye, Mumias, Kakamega 475 490 437 391 
40 Mushangumbo 82.43 Mumias, Kakamega, Bungoma 250 325 263 208 
68 Sisei 16.43 Kisumu 45 67 46 25 
70 Orokiet 43.33 Kisumu 110 133 102 71 
75 Bunyunyu 11.61 Kisii, Migori 17 13 11 10 

112 Kamukuny 85.34 Naivasha, Nakuru 720 285 274 266 
142 Upper Athi 9.17 Thika, Nairobi 27 46 36 27 
143 Kikuyu 13.01 Machakos, Nairobi 21 17 16 14 
144 Ruiru A 69.04 Machakos, Thika, Nairobi 20 39 24 13 
145 Nyamangara 17.51 Thika, Nairobi 12 31 13 0 
146 Ndarugu 1 73.48 Thika, Nairobi 280 120 115 110 
148 Munyu 127.02 Thika, Nairobi 625 564 506 451 
164 Rare 17.13 Kilifi 40 15 15 14 
165 Mwache 130.97 Mombasa, Ukundu 118 75 68 62 
195 Kiketani 173.56 Nairobi, Garissa, Thika 130 233 158 90 
196 Thiba 61.59 Nairobi, Embu, Meru, Garissa, 

Nyeri 
18 34 24 14 

201 Mutonga 33.61 Garissa 122 1393 576 0 
203 Low Grand Falls 317.67 Garissa 1359 2293 1514 853 
147 Ndarugu 2 38.37 Nairobi 21 25 21 17 
173 Kigoini 11.8 Nairobi 7 5 4 4 
184 Saba Saba 93.78 Nairobi 54 41 38 34 
186 Chania B 175.11 Nairobi 16 70 60 50 
192 Thika 3A 39.85 Nairobi 23 51 25 0 
194 Mukurue 42.77 Nairobi 12 25 16 6 
182 Maragua 4* 152 Nairobi 26 23 21 19 
181 Maragua 8 305.5 Nairobi 140 63 60 58 

  TOTAL 3,066.4   5,618 7,558 5,224 3,327 
 
* The Maragua 4 dam becomes economically viable if the assumed economic value of water for urban water supply 
is at $1.5 per m3. The Maragua 4 and Maragua 8 dam embankment volumes, 3.6 MCM and 7.7 MCM respectively, 
are expensive compared with Ndarugu. 
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Figure 27 Locations of 30 final potential storage investments  
 

 
 

5.4.1 Nairobi  
 
The water scarcity for Nairobi and surrounding towns is well-understood and GOK is taking steps to 
secure a reliable water supply through ongoing master planning. AWSB, with support from the Bank-
funded WaSSIP and AFD, is in the process of developing a master plan to meet the urban water supply 
needs of Nairobi and satellite towns until 2035. The other towns included in the study are Thika, Ruiru-
Juja, Kikuyu, Limuru, Kiambu, Githunguri, Karuri, Lari, Gatundu, Mavoko, Ongata Rongai, Ngong, and 
Tala-Kangundo, all of which are within 70 km radius of Nairobi.  
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It is officially estimated that 95 percent of the Nairobi’s population gets water for domestic and 
commercial use from the surface sources (Ndakaini Dam, Sasumua Dam, and Ruiru Dam).Groundwater 
withdrawals through registered and unregistered boreholes are not well known due to little information 
about private boreholes. WRMA estimated in 2007 that groundwater might account for as much as 25 
percent of Nairobi’s water supply.  Athi Water Services Board (AWSB) estimates that the current 
groundwater abstraction rate might be between 85,000 m3 per day and 154,000 m3 per day (AWSB 
2009a). Little knowledge is available as to the available quality and quantity of water of the groundwater 
resources underlying Nairobi, so caution should be given to primary reliance on groundwater.  A 
conservative approach in providing water to Nairobi in the long-term seem to be in relying on surface 
water as the main water source, while using groundwater as a supplementary and  emergency water 
supply source during drought.  
 
As Nairobi has suffered significant shortages in water supply in recent years and given the importance 
of surface water sources, the supply capabilities of existing surface water sources were reviewed. 
Certain critical information that is required for conducting such a review was not available to this study, 
but rapid comparisons were made with available data. Inflow records into Ndakaini (Thika) Dam are 
available, which is fortunate because Ndakaini Dam plays a significant role source for Nairobi. Inflows 
into Sasumua Dam and into Ruiru Dam were not known. The review provided here is based on an Egis 
bceom (2011) report.  Table 19 provides a comparison of the data reported by the consultancy Egis bceom 
(2011), data previously provided by the AWSB to the World Bank, and analysis results by the World 
Bank.  The second and third columns in the table provide the known or assumed mean annual river flows 
for reference.  
 
The estimated mean annual flow into Ndakaini Dam shown in Table 19 appears reasonable.  The table 
was developed from flow data provided to the World Bank by the AWSB. That estimate was compared 
with the flow estimate obtained from the 1992 JICA report. The flow data was only 10 percent greater 
than the gauged data, indicating that the estimate provided in Table 19 is reasonable.  
 
This study expresses significant uncertainty as to the magnitude of the assumed mean annual flow into 
Susumua Dam. Estimates provided by JICA were used, but it is not sure whether the location of 
Susumua Dam was correctly identified. Any comments about Susumua Dam should therefore be treated 
with caution and not adopted without further investigation. The estimates of yield made here represent 90 
percent reliability, as do the estimates obtained by the Howard Humphries (1986) report. These estimates 
of yield represent what are believed to be available at the source – in other words, they do not account for 
capacity limitations of pipelines, tunnels and water treatment plants. An indication of what those 
limitations might be is provided in Table 20 (developed by the Consultant).  
 
Table 19 Comparison of yield estimates of Nairobi water sources 

 

  

 (m3/yr)  (m3/d)  (m3/yr) (m³/d)  
Ratio:  

Yield/Mean m3/d 
Ratio:  

Yield/Mean  (m3/d)* 
Ratio:  

Yield/Mean 
Sasumua Reservoir ** 185,799,600 509,040 20,805,000 57,000 11% 42,000 8% 149,100 29% 
Chania River / Mwagu Intake  37,960,000 104,000 
Ruiru Reservoir  69,009,840 189,068 7,665,000 21,000 11% 16,000 8% 73,780 39% 
Kikuyu Springs  1,460,000 4,000 11,000 
Ndakaini Dam (Thika 6)  68,942,127 188,883 82,125,000 225,000 119% 327,000 173% 167,200 89% 

Notes: *These estimates are possible yield at 90% reliability at the source. It does not account for restrictions imposed by conveyance capacity 
                ** Significant uncertainty exits over the average inflow into Sasumua Reservoir. This esimate was obtained from JICA 1992 report for 
an assumed location of dam.  

World Bank 
Yield   90% Reliability Yield Mean Inflow 

Source  Actual Yield 
Consultant Ahti Water Services Board 
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The yield at the source as estimated by this study is greater for Susumua and Ruiru Dams than what is 
indicated by the Consultant and by the AWSB (Table 19). The estimate for Susumua Dam may be 
unreliable and no conclusions should be made from this comparison without further analysis. Based on 
observations at Ruiru Dam, however, it is believed that the yield estimate by the World Bank could 
possibly be closer to actual conditions than what is reflected by either the Consultant’s report or the 
AWSB. The reason for this statement is found in the Consultant’s observation that Ruiru Dam apparently 
overflows on a regular basis. This implies that more water may be available at the dam. 
 
Table 20 Design and estimated present capacities for various infrastructure elements 

 
 
The World Bank’s analysis also indicates that Ruiru Dam is no more than a diversion structure, and 
that the storage provided behind the dam does not provide inter-annual (carry-over) storage. The storage 
behind the dam only provides seasonal (within-year) storage. A much larger reservoir volume will 
increase the amount of water that can reliably be abstracted from the river, particularly during droughts.  
An analysis performed by the World Bank indicated that the critical period for most dams in Kenya 
ranges between two and three years. Providing carry-over (inter-annual) storage is therefore very 
important to ensure against the effects of multiple year droughts.  
 
A very important observation relates previous estimates of the yield of Ndakaini Dam, which were 
higher than the mean annual inflow. By itself it provides a significant volume of water to Nairobi. The 
yield reported by the Consultant is 225,000 m3 per day, while that reported by the AWSB is 327,000 m3 
per day.  Both these values are greater than the estimated mean annual inflow into Ndakaini Dam. The 
value provided by the Consultant is about 20 percent greater and that by the AWSB is about 75 percent 
greater than the mean annual flow in the river. It is not possible, on average, to withdraw more water from 
Ndakaini Dam than what is on average available in the river. This study’s estimate of 167,200 m3 per day 
has been prepared using the Gould-Dincer Method. It indicates that it is deemed possible to withdraw 
about 90 percent of the mean annual flow from the river, at 90 percent reliability, with the current 
reservoir volume in place. Previous reservoir surveys indicate that storage loss in Ndakaini Dam due to 
the effects of reservoir sedimentation has not been significant.  
 
Out of the 16 potential storage investments for Nairobi included in the analysis, 13 dams appeared to 
be economically viable as potential bulk water augmentation sources for the Nairobi area.  The 
overview of economically viable potential storage investments identified in this analysis for Nairobi is 
presented in Table 21and Table 22.  Eight dams would support multipurpose use, while the Ndaguru 2, 
Saba Saba, Chania, Thika 3 and Mukurue dams were analyzed as single purpose investments for Nairobi 
urban water supply only.  A map of the candidate dams for Nairobi is presented in Figure 28. The 
sensitivity analysis demonstrated that economics of the candidate dams for Nairobi is robust and 11 dams 

System Facility Design Capacity Present Capacity 
Thika – Ngethu -Gigiri Reservoir intake 492,000 m3/day (5.7 m3/s) 

Kiamia – Chania tunnel 5.8 m3/s 
Kimakia – Chania tunnel 544,000 m3/day (6.3 m3/s) 
Mwagu intake – Mataara tunnel 458,000 m3/day (5.3 m3/s) 
Mataara pipelines 465,000 m3/day 360,000 m3/day 
Ngethu Treatment Plant 473,000 m3/day 357,000 m3/day 
Transmission main From 442,600 to 285,000 m 3/day 

Sasumua -Kabete Dam offtake 59,000 m3/day 
Sasumua Treatment Work 63,700 m3/day 54,000 m3/day 

Ruiru – Kabete offtake 23,100 m3/day 
Kabete Treatment Plant 20,000 m3/day 10,000 m3/day ? 

Kikuyu Springs combined 4,800 m3/day 
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(except Thiba and Maragua 4) remain economically viable even with the project costs overrun by 30 
percent.  For the Thiba dam to remain economically viable under the increase in the total project costs by 
10 percent and 20 percent, the value of total benefits would also need to increase by 10 and 20 percent 
respectively. The viability of investments in Maragua 4 withstands the total cost overrun by 10 percent 
and would also remain economically viable under the costs increase by 20 and 30 percent if the value of 
total project benefits is increased by 10 and 20 percent respectively.  The Maragua 8 investment becomes 
economically viable with NPV above zero if the value of total benefits is increased by 10 percent and 
provisionally included in the list of economically promising dams for the Nairobi area.   
 
Figure 28. Map of candidate dams for Nairobi 
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Table 21. Benefits and Costs of Nairobi Storage Options 

 
 
 
Table 22. Nairobi Storage Options and 2030 Sectoral Water Requirements 

 
 

Dam Number Dam Cities supplied NPV ($miln) B/C ratio Total Urban WS Livestock Irrigation Energy TOTAL Total Dam Total WS Total Irrigation Power TOTAL 

148 Munyu Thika, Nairobi 1139.5 12.9 1602.4 2.7 0.0 0.0 1605.1 96.0 28.8 0.0 0.0 124.8

146 Ndarugu 1 Thika, Nairobi 544.6 8.5 738.5 1.7 0.0 14.6 754.8 59.4 28.8 0.0 0.7 88.9

195 Kiketani GARISSA, THIKA - Nairobi 337.7 5.1 906.9 3.2 0.0 0.0 910.1 131.2 46.6 0.0 0.0 177.8

142 Upper Athi Thika, Nairobi 189.4 7.2 257.2 4.0 0.0 4.0 265.2 7.8 28.8 0.0 0.2 36.8
186 Chania B Nairobi 143.3 1.7 272.9 0.0 0.0 0.0 272.9 132.4 24.1 0.0 0.0 156.5

184 Saba Saba Nairobi 84.4 1.7 194.7 0.0 0.0 0.0 194.7 75.8 36.5 0.0 0.0 112.4

147 Ndarugu 2 Nairobi 89.8 2.9 120.6 0.0 0.0 0.0 120.6 32.6 8.8 0.0 0.0 41.4
192 Thika 3A Nairobi 65.2 2.1 142.6 0.0 0.0 0.0 142.6 33.9 35.6 0.0 0.0 69.5

143 Kikuyu Machakos, Nairobi 80.0 5.5 112.2 0.6 0.0 1.4 114.2 11.1 9.6 0.0 0.1 20.7
194 Mukurue Nairobi 48.1 1.9 90.1 0.0 0.0 0.0 90.1 36.4 11.2 0.0 0.0 47.6
181 Maragua 8 Nairobi 30.7 1.3 346.2 0.0 0.0 0.0 346.2 230.9 40.4 0.0 0.0 271.3

144 Ruiru A Machakos, Thika, Nairobi 47.8 1.6 157.2 4.2 4.0 9.0 174.4 55.8 38.3 13.9 0.4 108.5

145 Nyamangara Thika, Nairobi 26.0 2.2 93.1 4.5 0.0 0.0 97.6 14.9 28.8 0.0 0.0 43.7

173 Kigoini Nairobi 15.8 2.7 31.4 0.0 0.0 0.0 31.4 10.0 1.7 0.0 0.0 11.8

196 Thiba EMBU, MERU, GARISSA, NYERI, Nairobi 0.0 1 156.0 3.5 9.7 4.1 173.3 49.8 79.7 34.1 0.2 163.8

BENEFITSs ($million PV) COST ($million PV)

Effective yield with the dam (Mm3)* Yield Increase due to dam(Mm3)** Effective Yield Allocation 2030  (Mm3) 2030 Water Requirement Satisfied 2030 Irrigated Area Hydropower
Dam Cities supplied 80% 90% 80% 90% Urban WS Livestock Irrigation Urban WS Livestock Irrigation (Ha) (GWh/year)
Munyu Thika, Nairobi 564 506 306 396 343.2 9.6 0.0 100% 100% 0% 0 0.0
Ndarugu 1 Thika, Nairobi 120 115 68 93 114.9 4.8 0.0 33% 50% 0% 0 0.0
Kiketani GARISSA, THIKA - Nairobi 233 158 109 107 158.4 11.4 0.0 46% 100% 0% 0 0.0
Upper Athi Thika, Nairobi 46 36 25 27 35.7 10.3 0.0 10% 85% 0% 0 2.4
Chania B Nairobi 70 60 37 46 59.6 0.0 0.0 18% 0% 0% 0 0.0
Saba Saba Nairobi 41 38 22 29 37.9 0.0 0.0 12% 0% 0% 0 0.0
Ndarugu 2 Nairobi 25 21 13 16 20.9 0.0 0.0 6% 0% 0% 0 0.0
Thika 3A Nairobi 51 25 18 10 24.7 0.0 0.0 8% 0% 0% 0 0.0
Kikuyu Machakos, Nairobi 17 16 10 13 15.6 1.4 0.0 2% 10% 0% 0 0.9
Mukurue Nairobi 25 16 10 9 15.6 0.0 0.0 5% 0% 0% 0 0.0
Maragua 8 Nairobi 63 60 34 48 60.0 0.0 0.0 18% 0% 0% 0 0.0
Ruiru A Machakos, Thika, Nairobi 39 24 18 16 24.5 13.4 0.7 4% 100% 3% 73 5.3
Nyamangara Thika, Nairobi 31 13 1 0 12.9 12.8 0.0 2% 100% 0% 0 8.6
Kigoini Nairobi 5 4 3 3 4.0 0.0 0.0 1% 0% 0% 0 0.0
Thiba EMBU, MERU, GARISSA, NYERI, Nairobi 34 24 16 16 24.3 10.1 10.1 7% 71% 47% 1008 2.4
*The effective Yield is defined as the difference between the Yield with a Dam in place and the Environmental Flow
** The increase in natural yield due to the dam 
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No comment is provided for the Chania River / Mwagu Intake as there was no reliable data available for 
that location. Additionally, no detailed assessment was made of withdrawals from the Kikuyu Springs. 
However, it is noted that the data provided to the World Bank by AWSB for the latter indicate actual 
yield in excess of that reported by the Consultant (11,000 m3 per day vs 4,000 m3 per day).  
 
To secure water for Nairobi given its location, new inter-basin water transfer and storage schemes will 
be required. Inter-basin water transfer is a costly undertaking and a careful consideration needs to be 
given to estimating the expected safe yields and associated costs. The World Bank prepared preliminary 
estimates of the maximum inter-basin transfer potential from the rivers in the vicinity of Nairobi (Table 6) 
as proposed by the Consultant. The results indicate that a working paper of the ongoing feasibility study 
conducted for the AWSB (Egis bceom 2011) possibly overestimates the potential yield from these rivers 
by a factor of about five to six, assuming 90 percent reliability requirement for water supply to Nairobi.  
 
The estimate by the World Bank for the amounts of water that can be transferred from catchments 4BD 
and 4BE (see Table 21) has been conducted by using as the basis the net yield estimates for each of the 
basins (i.e. the 80 percent and 90 percent estimated yield from the basin without storage, less 
environmental flows set at 95 percent exceedance probability flow).  The basin yields are shown in 
columns three to six in the table.   
 
An estimate of the fractional area of the basin upstream of the diversion points was made by applying that 
fraction to the total sub-basin yield.  The locations of the interbasin transfer diversions proposed by egis 
bceom (2011) are shown in Figure 26. The figure indicates the relative drainage areas served by the 
diversions compared to the entire drainage basin areas. The estimated 80 percent and 90 percent reliability 
yields from each of the sub-basins are shown in columns eight and nine. Column ten contains the estimate 
by the Athi Water Services Board. The amount of water estimated by the World Bank to be available for 
transfer is compared in the last two columns of Table 23 with the estimates by the Consultant in terms of 
a ratio. The ratios indicate that the Consultant possibly overestimates the amount of water available for 
transfer by a factor of about five to six for 90 percent reliability yield.  
 
The  analysis  of potential scenarios for developing new water sources for Nairobi and satellite towns 
commissioned  by the AWSB identifies  the development of the Northern Collector as a possible phased 
approach to meet the short-term  (up to 2017) and long-term (up to 2035) water demands of the Nairobi 
area (Egis bceom 2011).  The proposed program indicates five strategically important water storage 
development sites: Ruiri 1, Ndaguru 1, Ndaguru 2, Maragua 4 and Maragua 8.  According to the 
preliminary cost-benefit analysis in this report, Ruiri 1, Ndaguru 12

 

 and Ndarugu 2, Maragua 4 dams are 
economically viable.  The sequential development of the proposed storage and water transmission 
schemes as well as more accurate assessment of the potential yields of the sub-catchments need further 
investigation.   

Considering the water requirements in Nairobi in 2030 as a benchmark, the Munyu dam could provide 
sufficient safe yield to fully secure Greater Nairobi’s water needs by 2030.   As the Munyu dam has 
known water quality issues as a result of effluent discharge from Nairobi, however, it is no longer being 
considered as a water supply option. Therefore, a combination of several storage sites would need to be 
developed to fully secure the required raw water supplies for Nairobi by 2030. The Kikuyu3

                                                      
2 Possible water quality issues with Ndaguru 1 dam require analysis, as it may receive sewage from the Komu River. 

, 
Nyamangara, Thika 3A (different from the existing Thika / Ndakaini Dam), Mukurue, and Ndaguru 2 

3 Although Kikuyu site is included in JICA study in 1992, the environmental impact of the downstream flow of 
Nairobi River may be too great to justify it, so this will require further detailed analysis to determine viability.  
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dams are small and do not provide enough safe yield to secure the necessary water supply for Nairobi in 
the long-term, if implemented alone. Among the multipurpose storage sites analyzed in the vicinity of 
Nairobi, Ndarugu 1 dam may be considered as one of the promising options in terms of its economic 
viability and also expected effective yields to supply water to Nairobi. Further investigation of potential 
multi-storage schemes for augmenting raw water supply to Greater Nairobi is required.  
 
Figure 29. Proposed inter-basin transfers by AWSB 

 

 
 
Table 23. Yield Estimates of Sub-catchments around Nairobi 

River Sub-
Catchment 

Sub-Catchment Yield Fraction Estimate in 
this Study 

Nairobi 
Estimate 

Over-
estimate by 

ASWB 
MCM/yr m3/s % 

Catchment 
Area 

m3/s 
m3/s 

Ratio (-) 
Max 
80% 

Max 
90% 

Max 
80% 

Max 
90% 

80% 
Yield 

90% 
Yield 

80% 
Yield 

90% 
Yield 

N. Mathioya  4BD   
  
  

133.0  

                  
Githugi  4BD                   
Hembe  4BD                   
S.Mathaioya  4BD 56.7  4.22 1.80 20% 0.8 0.4 1.7 2.0 4.7 
Maragua  4BE                     
Gikigie  4BE                     
Irati  4BE 107.0  45.8  3.39 1.45 17% 0.6 0.2 1.5 2.7 6.2 
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5.4.2 The Coast 
 
The Coast, like Nairobi, receives the majority of its water via interbasin transfer. In the case of 
Mombasa its main source of water supply is the Mzima Springs some 300 km away in the Chyulu hills 
(Taita Taveta District). Table 24 shows an estimate of current production of water to Mombasa and 
surrounding areas.  
 
Table 24  Current Water Production from Existing Sources (m3/day) 

Name of Pipeline/Source Year 
developed 

Current 
Production 

Mzima 1Pipeline 1957 22,200 
Marere pipeline 1923 7,000 
Sabaki Pipeline 1980 48,000 
Tiwi Boreholes 1980 6,000 
Taveta Lumi Water Supply 1991 3,000 
Others Schemes various 6,000 
Total (m3/day)   92,200 
Total (mcm/yr)  34 
Source: CWSB 2010 
 
Freshwater supply is a pre-requisite for sustainable development of the Coast. As urbanization and 
water requirements increase, new water supply systems must be developed.  From the outset, Mombasa 
and the Coast in general has encountered persistent water problems mostly due to the unavailability of 
any permanent river, the increasing population growth and poor maintenance of existing water supplies 
systems. Though geologically the region is rich in groundwater, development has been limited due to 
salinity caused by sea water intrusion, the use of pit latrines and poorly kept septic tanks. The increasing 
water deficit calls for urgent decisions by the Government to address the problem.  
 
As with Nairobi, a Master Plan will also be prepared for the Coast under the World-Bank funded 
WaSSIP and a parallel AFD project. The Master Plan will cover Mombasa, Lamu, Malindi, Kilifi, Kwale, 
Ukunda, Taveta, and other important towns on the Coast.  Sources being considered under the master 
planning study include a second Mzima pipeline, Marere Springs, further development of the Tiwi and 
Baricho aquifers, and the Mwache Dam.  Other options, such as desalination, water harvesting, 
groundwater recharge, and the potential for deep aquifer discovery, are also being considered (CWSB 
2010).  
 
The analysis demonstrates that the possible options can provide limited amounts of safe yield compared 
to the gap in water supply requirements for Mombasa and the Coast. Additionally, Baricho aquifer 
which currently supplies 60,000 m3 per day can increase production to 96,000 m3/day (Tuinhof 2010). 
Tiwi aquifer also has a potential capacity of 13,000 m3/day (Tuinhof 2010). Even including a very 
expensive second Mzima pipe line, the total additional supply would be around 191 MCM per year, 
which is 523,000 m3 per day (Table 25 plus Baricho aquifer supplies). Therefore the construction of 
surface water reservoirs such as Mwache is required. The availability of possible coastal deep aquifer will 
be investigated as a possible source of additional drinking water supply as part of the MP study. Saltwater 
intrusion and the costs implications of pumping from deep aquifers must be carefully considered.   
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Table 25. Summary of Options for Augmenting Water Supply to Mombasa and the Coast 

 
 
Among the existing alternatives (Table 23), the construction of the Mwache dam is regarded as the least-
cost option to supply water to Mombasa and Ukunda. The Rare dam is the least-cost option to supply 
water to Kilifi city. According to the cost benefit analysis conducted, both dams represent economically 
viable investments with positive NPVs (Table 24). Both dams also provide water for urban and livestock 
consumption, and Mwache dam generates limited hydropower. A sensitivity analysis of the investments 
demonstrated that the Rare project remains viable even under 30 percent increase in the total costs and the 
viability of the Mwachi investments withstands an increase in the total investment cost by 20 percent. The 
safe yields from Mwache could satisfy two-thirds of the 2030 urban water requirements for Mombasa and 
Ukunda, while the yield from Rare could fully satisfy the projected 2030 water demand of Kilifi (Table 
27).  Securing these urban water allocations would require a policy decision to fully allocate Mwache’s 
yield to urban needs rather than irrigation.  As this analysis is indicative, the assumptions need to be 
further refined and verified at the stage of detailed feasibility investigations4

 

.  The Coastal Water Services 
Board is in the process of master planning, during which time the environmental and social aspects should 
also be carefully considered.  

 
 

                                                      
4 To reduce construction costs by around 30 percent, the Mwache dam could be built at a lower height of 60 m 
instead of 75.5 m. This would give a total storage of 113 MCM.    
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Table 26. Benefits and Costs of Storage Options for Mombasa and the Coast 

 

 
Table 27. Mombasa and Coast Storage and 2030 Sectoral Water Requirements 

 
 
Figure 30. Map of candidate dams for Mombasa and the Coast 

 

BENEFITSs ($million PV) COST ($million PV)
Dam Number Dam Cost Dam(US$ mil) Cities supplied NPV ($mln) B / C ratio Total Urban WS Livestock Irrigation Energy TOTAL Total Dam Total WS Total Irrigation Power TOTAL

165 Mwachi 131.0 UKUNDA, MOMBASA 73.6 1.2 389.3 0.0 0.0 19.6 408.9 99.0 254.9 0.0 0.8 354.7
164 Rare 17.1 KILIFI 10.4 1 40.7 0.3 0.0 1.1 42.1 14.6 17.9 0.0 0.0 32.5

Effective yield with the dam (Mm3)* Yield Increase due to dam(Mm3)**Effective Yield Allocation 2030 (Mm3) 2030 Requirement satisfied 2030 Irrigated Area Hydropower

Dam Cost Dam(US$ mil) 80% 90% 80% 90% Urban WS Livestock Irrigation Urban WS Livestock Irrigation (Ha) (GWh/year)
Mwachi 131.0 UKUNDA, MOMBASA 75.0 68.0 42 54 68 0.09 0.00 66% 100% 0.00% 0.0 11.6
Rare 17.1 KILIFI 15.0 15.0 9 12 7.4 0.90 0.00 100% 100% 0.00% 0.0 0.0
*The effective Yield is defined as the difference between the Yield with a Dam in place and the Environmental Flow
** The increase in natural yield due to the dam 

Cities supplied



ESW Report   June 30, 2011 

66 

5.4.3 Western Kenya 
 
Western Kenya needs multipurpose water storage development. Among the large population centers in 
Western Kenya, Vision 2030 prioritizes the expansion of water services to Kisumu, Nakuru, and Kisii 
(Republic of Kenya 2007).  Lake Victoria area also suffers from frequent flooding with high impacts due 
to high population density. The areas downstream of the Nzoia, Yala, and Nyando rivers are frequently 
affected by floods that hamper development and damage local livelihoods. New water storage could 
support growth and poverty reduction through flood control and water for large-scale irrigation and 
livestock development.  
 
Eleven potential multipurpose storage sites in Western Kenya were included in the preliminary cost-
benefit analysis, ten of which were economically viable.  Six dams (Hemsted’s Bridge, Naisabu, Nandi 
Forest, Kiboro, Lugari, and Mushangumbo) would supply water to the water stressed areas around 
Webuye, Kakamega, Mumias, Bungoma, and Kitale. These six dams could supply water for urban use, 
livestock consumption, and new large-scale irrigation development as proposed by the IFPRI work.   
 
Hemsted’s Bridge, Lugari, and Mushangumbo dams have high irrigation potential, with EIRR of potential 
new irrigation schemes ranging between 34 and 43 percent. Other dams in the Lake Victoria North can 
also provide a good amount of water to cover large and profitable irrigation areas.  All of these dams 
would provide sufficient safe yield to fully meet water requirements of the area in 2030. The shortlisted 
storage investments in the Western part of the country, but Nandi Forest, demonstrated low sensitivity to 
the increase in the total costs and remain economically viable under the cost overrun up to 30 percent or 
benefits decrease by 20 percent. The Nandi Forest project showed higher sensitivity to the change in the 
total costs however could withstand the increase in the costs by 25 percent if the benefits value increases 
by 20 percent. 
 
The main water stress in Western Kenya is currently concentrated around Kisumu.  Further 
investigation is required to understand current bulk water supply sources, and whether the deficits could 
be met through further development of available water sources.  Assuming that additional surface water 
storage is required for Kisumu, the Sisei, Orokiet, and Bunyunyu dams were found to be economically 
efficient options to meet the projected water requirements.  Further analysis of these dams is 
recommended based on detailed hydrological, engineering, environmental, social, and economic analysis, 
including assessment of potential flood control benefits, which were not considered under this study.   
 
Lake Victoria North had high large-scale irrigation potential associated with new dams, particularly 
around downstream of Nzoia and Yala Rivers. Lake Victoria South did not have the same high irrigation 
returns, as the existing agriculture productivity seems to be relatively high according to IFPRI.  The net 
benefits from new irrigation schemes accounted for losses from replacing current rainfed agriculture; 
therefore where current rainfed agriculture is highly productive, lower gains are made from converting 
these areas to irrigation.  The EIRR of schemes associated with dams in Lake Victoria South were found 
to be between 4 and 11 percent.   
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Table 28. Benefits and Costs of Storage Options for Urban Water Supply in Western Kenya 

 
 
Table 29. Storage Development Options and 2030 Sectoral Water Requirements in Western Kenya 

 

BENEFITS ($million Present Value) COST ($million Present Value)
Dam code Dam Cities supplied NPV (US$ Mln) B / C Ratio Total Urban WS Livestock Irrigation Energy TOTAL Total Dam Total WS Total Irrigation Power TOTAL

40 Mushangumbo MUMIAS, KAKAMEGA, BUNGOMA 528.1 2.3 127.1 1.0 802.9 0.0 931.0 66.7 55.8 277.7 0.0 400.1
27 Lugari WEBUYE, MUMIAS, KAKAMEGA, BUNGOMA 456.8 2.2 141.8 2.2 704.9 0.0 848.9 127.7 63.3 191.3 0.0 382.3
14 Hemsted's Brg. WEBUYE, KAKAMEGA, MUMIAS 342.3 2.2 109.8 2.7 578.6 0.0 691.0 180.0 42.5 90.6 0.0 313.1
68 Sisei KISUMU, 130.5 2.8 210.4 4.0 0.0 0.0 214.4 14.0 62.2 0.0 0.0 76.2
70 Orokiet KISUMU, 115.6 2.2 217.0 3.6 0.0 0.0 220.6 36.8 62.2 0.0 0.0 99.1
16 Naisabu WEBUYE, MUMIAS, KAKAMEGA 66.0 1.5 137.5 4.2 30.4 0.0 172.1 9.3 42.5 64.3 0.0 116.1
75 Bunyunyu KISII, MIGORI, 30.4 2.1 58.4 1.7 0.0 0.0 60.1 9.9 18.5 0.0 0.0 28.4
38 Nandi Forest WEBUYE, MUMIAS, KAKAMEGA 18.2 1.2 111.7 3.2 151.3 105.5 371.7 192.1 42.5 75.3 3.5 313.4

112 Kamukuny NAIVASHA, NAKURU, 73.4 1.4 224.8 4.3 0.0 0.0 229.1 69.0 89.2 0.0 0.0 158.2
22 Kiboro WEBUYE, MUMIAS, KAKAMEGA, KITALE, 46.3 1.3 175.5 4.3 12.5 0.0 192.3 43.0 65.2 43.4 0.0 151.6

Dam Cities supplied Yield Increase due to dam(Mm3)** Effective Yield Allocation 2030  (Mm3) 2030 Water Demand Satisfied 2030 Irrigated Area Hydropower
80% 90% 80% 90% Urban WS Livestock Irrigation Urban WS Livestock Irrigation (Ha) (GWh/year)

Mushangumbo MUMIAS, KAKAMEGA, BUNGOMA 325.0 263.0 176 201 25.1 3.0 248.8 100% 100% 100% 24880 0.0
Lugari WEBUYE, MUMIAS, KAKAMEGA, BUNGOMA 642.0 421.0 306 283 30.8 7.4 349.5 100% 100% 100% 34946 0.0
Hemsted's Brg. WEBUYE, KAKAMEGA, MUMIAS 325.0 252.0 174 190 24.0 9.1 191.2 100% 100% 100% 19116 0.0
Sisei KISUMU, 67.0 46.0 30 30 41.3 11.2 0.0 100% 100% 0% 0 0.0
Orokiet KISUMU, 133.0 102.0 64 72 40.8 10.1 0.0 100% 100% 0% 0 0.0
Naisabu WEBUYE, MUMIAS, KAKAMEGA 69.0 66.0 41 54 25.7 11.6 43.9 100% 100% 100% 4387 0.0
Bunyunyu KISII, MIGORI, 13.0 11.0 7 9 11.3 1.2 0.0 99% 11% 0% 0 0.0
Nandi Forest WEBUYE, MUMIAS, KAKAMEGA 490.0 437.0 290 355 24.5 9.9 143.3 100% 100% 100% 14330 56.72
Kamukuny NAIVASHA, NAKURU, 285.0 274.0 201 243 44.8 14.1 0.0 100% 100% 0% 0 0.0
Kiboro WEBUYE, MUMIAS, KAKAMEGA, KITALE, 46.0 42.0 28 35 36.2 10.1 0.0 100% 76% 0% 0 0.0
*The effective Yield is defined as the difference between the Yield with a Dam in place and the Environmental Flow
** The increase in natural yield due to the dam 

Effective yield with dam (Mm3)*
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Figure 31. Map of candidate dams in Western Kenya 

 
 

5.4.4 Tana Catchment  
 
Six storage options in the Tana catchment were evaluated in this study: Mutonga, Grand Falls High, 
Grand Falls Low, Usueni, Adamson Falls and Kora. The Tana catchment is the largest catchment area 
in Kenya and home to about 20 percent of the country’s population. The benefits from the identified 
storage options included in the analysis were urban water supply, livestock water supply, and hydropower 
production.  The results of the partial cost-benefits analysis demonstrated economic viability of two dams: 
Mutonga, and Low Grand Falls.  The Mutonga dam has a higher benefit-cost ratio but the lower energy 
production benefit compared with the Grand Falls Low. The Mutonga and Low Grand Falls investments 
remain economically viable, even under the cost overrun by 30 percent.  The increase in the total value of 
project benefits for the High Grand Falls makes this undertaking also economically viable.  
 
GOK has significant irrigation development plans in the Tana Catchment under Vision 2030 and 
irrigation sector plans, associated with the High Grand Falls dam and other multipurpose development 
projects. GOK is in the process of further studying High Grand Falls and other sites.  Despite these plans, 
however, the irrigation potential assessment conducted by IFPRI under this study did not identify highly 
profitable irrigation areas associated with new dams in the Tana Catchment.  Several factors may affect 
this.  The first is biophysical potential of the area, which is mostly arid and semi-arid.  The second is the 
current irrigation along the Tana River, which means that the distance from the river to new irrigation 
sites is far in some places. The third is the same issue of the marginal benefit of replacement of current 
rainfed agriculture that occurs in the Lake Victoria Catchment.  The potential irrigation development 
potential for each dam will need to be considered in more detail on a case-by-case basis.  
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Table 30. Benefits and Costs of Storage Options in the Tana Catchment 

 
 
Table 31. Tana Catchment Storage and 2030 Sectoral Water Requirements 

 
 

BENEFITSs ($million PV)

Dam Number Dam Cities supplied NPV ($mln) B / C ratio Total Urban WS Livestock Irrigation Energy TOTAL Total Dam Total WS Irrigation Energy TOTAL

201 Mutonga GARISSA, 146 4.7 53.50 3.58 0.00 198.00 255.08 28.58 17.87 0.00 8.13 54.58

203 Grand Falls (Low) GARISSA, 145 2.3 45.00 2.76 0.00 610.80 658.56 240.12 17.87 0.00 25.20 283.19

COST ($million PV)

Yield Increase due to dam(Mm3)** 2030 Water Requirement satisfied 2030 Irrigated Area Hydropower
Dam Cities supplied 80% 90% 80% 90% Urban WS Livestock Irrigation Urban WS Livestock irrigation (Ha) (GWh/year)
Mutonga GARISSA 1393 576 0 0 9.85 10.60 0.00 99% 100% 0% 0 116.7
Grand Falls (Low) GARISSA 2293 1514 1114 1035 9.85 9.90 0.00 100% 100% 0% 0 361.3
*The effective Yield is defined as the difference between the Yield with a Dam in place and the Environmental Flow
** The increase in natural yield due to the dam 

Effective Yield with the dam (Mm3)* Effective Yield Allocation 2030 (Mm3)
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5.4.5 Flood management 
 
Water storage can support the Flood Mitigation Strategy published in June 2009 by MWI. The Strategy 
introduced a broad-ranging integrated flood management approach integrating land and water resources 
development on flood plains with socio-economic development. Among the 31 priority storage 
development options identified in this study, 18 dams are included in the Flood Mitigation Strategy as 
also potentially providing flood protection benefits (Table 32).  
 
It is clear that storage dams in the upstream catchment are indispensable for protecting lowland flood 
plain areas,5

 

 though short-term measures against smaller floods (5-10 years recurrence period) may 
also be necessary. Many flood-prone areas, particularly Lake Victoria North, have high irrigation 
development potential but are susceptible to frequent floods. Multipurpose dams could mitigate the 
effects of floods while also providing a reliable water source for irrigation, hydropower generation, and 
other uses in an optimized manner depending on the season.  

Table 32. MWI Flood Mitigation Strategy activities and relationship to this study 

Catchment or 
sub-catchment 

Flood Mitigation Strategy proposed activity 
(MWI 2009) 

Dams considered by this study  

Lake Victoria 
North sub-
catchment 

Construction of large and medium sized 
reservoirs in the upstream catchment for flood 
management and water supply  

• Naisabu Dam, Koitobu River (16) 
• Hemsted’s Bridge Dam, Nzoia River (14) 
• Kibos Dam, Sosiani River (22) 
• Lugari Dam, Nzoia River (27) 

Lake Victoria 
South sub-
catchment 

Water storage schemes in the rivers Kuja, 
Awach Tende, Awach Kanyadhlang, Ombeyi, 
and Nyaidho-Nyabiego 

 

• Nandi Forest Dam, Yala River (38) 
• Mushangumbo Dam, Yala River (40) 
• Awasi Dam, Nyando River (53) 
• Magwagwa Dam, Sondu River (74) 
• Sisei Dam, Sisei River (68)  
• Bunyunyu Dam, Kuja River (75) 

Athi Catchment  Accelerating basin development with water as 
input (it is unclear whether this activity implies 
construction of storage dams)  

• Kikuyu Dam, Nairobi River (143)  
• Ruiru A Dam, Ruaka River (144)  
• Upper Athi Dam, Athi River (142)  
• Nyamangara Dam, Ndarugu River (145)  
• Ndarugu 1 Dam, Ndarugu River (146) 
• Yatta Dam, Athi River (156)  
• Baricho Dam, Athi River (160)  
• Rare Dam, Voi / Rare River (164) 
• Mwache Dam, Mwache River (165)  

Tana Catchment  • Construction of water storage and flood 
management dams in the Aberdare Ranges 
and Mount Kenya 

• Development of the Tana Delta irrigation 
scheme  

• Acceleration of basin development with 
water as input (not clear whether this 
includes construction of storage dams) 

• Thiba Dam, Thika River (196) 
• Mutonga Dam, Tana River (201)  
• Grand Falls (low), Tana River (203) 
• Usueni Dam, Tana River (204) 
• Adamson Falls, Tana River (205) 
• Kora Dam, Tana River (206)  
• Kiketani Dam, Thika River (195)  

Ewaso Ng’iro 
North  

• Construction of water storage dams in the 
upper catchments of the Aberdare Ranges 

• Ngadurumuto Dam, Ewaso Ng’iro River 
(222) 

                                                      
5 This is supported by many studies, including a JICA study on the Nyando River, Western Kenya CDD/FM project 
reports on the Nzoia River, and NELSAP work on the Yala, Sio-Malaba-Malakisi, Mara rivers and the Kano Plains. 
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Catchment or 
sub-catchment 

Flood Mitigation Strategy proposed activity 
(MWI 2009) 

Dams considered by this study  

for flood control and water supply  
• Acceleration of basin development with 

water as input (not clear whether this 
includes construction of storage dams) 

• Archers Post, Ewaso Ng’iro River (218)  
• Tulolong Dam, Ewaso Ng’iro Dam (223) 
• Milgis Dam, Milgis River (217) 

Rift Valley • Construction of water storage dams in the 
upper catchments of the Aberdare Ranges, 
Nandi Hills, and Mau Escarpment for flood 
control and water supply  

• Acceleration of basin development with 
water as input (not clear whether this 
includes construction of storage dams) 

• Chepkungui River, Chemosusu River 
(118)  

• Kerio A Dam, Kerio River (106)  
• Kamukuny Dam, Kerio River (112) 

 

5.4.6 Small-scale irrigation development 
 
Small-scale water storage can increase local climate resilience and food security. Small storage helps 
provides cost-effective solutions for the rural poor to increase water supply and mitigate droughts. The 
water stored can be used to increase agricultural productivity. Small storage options include off-stream 
reservoirs, on-farm ponds and networks of multipurpose small reservoirs, groundwater storage, and water 
storage through a root zone with a variety of water harvesting techniques and conservation of soil 
moisture. Structures to harvest rain require little space and are not labor intensive, but they must be 
designed in accordance with intended use and local circumstances to keep costs low.   
 

 
 
Kenya’s small-scale irrigation potential was assessed based on biophysical potential, water availability, 
market access, crop prices, and other factors. The assessment was conducted by IFPRI on a 1 km x 1 km 
pixel basis for the entire country (details in Annex B). Water availability was based on the 80 percent 
reliable rainfall for each pixel, multiplied by a reasonable collection factor.  
 
The analysis of small-scale irrigation expansion shows that the potential for investment in small-scale 
projects ranges from 54,000 ha to 140,000 hectares.  The range corresponds to a range of investment 
costs. Assumptions include a five-year reinvestment cycle, travel to market time of less than three hours, 

Box 3.  Assessing economically-viable irrigation development potential   
 
As part of this study, IFPRI evaluated the irrigation development potential in Kenya and identified 
economically-viable areas for new irrigation schemes (You et al 2011).  Two types of irrigation were 
considered: surface runoff-based small-scale irrigation, and dam-based large-scale irrigation. Small-scale 
irrigation assumed that surface runoff and effective rainfall could be captured through small storage and 
water harvesting structures to irrigate small plots. Large-scale irrigation potential was tied to the proposed 
dams identified in the National Water Master Plan (JICA 1992) and screened through this study.   The 
analysis was done at a 1 km by 1 km pixel level.  
 
The analytical models used included a IFPRI’s Spatial Production Allocation Model, a hydrological model 
to calculate runoff, and a model to estimate the economic IRR. The methodology used was similar to that 
applied to estimating Africa’s irrigation potential in the AICD study (You et al. 2009). 
 
The assessment considered water availability, market access (for small-scale only), crop-specific 
biophysical potential by pixel, and profitability of the schemes.  The crop mix was optimized for each 
pixel, and crop prices were based on commodity-specific world prices and adjusted for market transaction 
costs.  Viable schemes had an internal rate of return of 12 percent and above. 
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and a rate of return greater than 12 percent. Under baseline assumptions (on-farm investment cost of US$ 
3000/ha and O&M costs of US$100/ha), profitable small-scale irrigation could take place on 140,715 
hectares at a cost of US$1.1 billion.  If the investment cost is higher, for example, US$ 4,500 per hectare, 
the profitable area decreases to 73,715 hectares. Under a scenario of expensive farm irrigation system of 
US$ 6,000 per hectare, profitable small-scale irrigation expansion would be limited to 54,123 hectares. 
 
Figure 32. Scale and profitability of small-scale irrigation schemes for IRR >12 percent 

 
 
The results of the analysis reveal that the highest IRRs are in Lake Victoria North, Athi, and Tana 
catchments (Figure 33). The small-scale irrigation potential in Kenya is mostly in a corridor from Lake 
Victoria to Mombasa; there is very little irrigation potential is determined in Northern Kenya.  The 
reasons for that are that Northern Kenya is mostly semi desert or dry where and limited agricultural 
activities rely mainly on groundwater resources their utilization was not considered in this analysis. In 
addition, market accessibility is generally a constraint in those regions and so the opportunities for 
profitable irrigation expansion are limited.  Under high cost assumption, Central and Nyanza provinces 
have no profitable irrigation expansion while Rift Valley and North Eastern provinces have the potential 
for new irrigation expansion of only a few hectares.  This result is a combination of the agro-ecology of 
those locations as well as the limited profitability.  
 
Figure 33. Small Scale Irrigation Potential under (a) low (b) medium and (c) high cost scenarios 
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CHAPTER 6  KENYA’S WATER RESOURCES SECTOR  

 
 

6.1 Policy and institutional framework  

Kenya’s Water Act (Act No. 8 of 2002) formalized a comprehensive program of reforms in the water 
sector.  This important legislation brought the institutional framework and financing system proposed by 
the National Policy on Water Resources Management and Development (1999) into force.  Through the 
Water Act (2002), GOK clarified sector roles and responsibilities by separating policy formulation, 
regulation, and services provision as different functions; it also separated water resources management 
from water supply and sewerage.  To increase efficiency, the Water Act (2002) decentralized functions 
from the Ministry of Water and Irrigation (MWI) to the regional level, such as water services provision 
and monitoring of water permits.  The institutional roles and responsibilities for Kenya’s water sector 
following the implementation of the Water Act (2002) is shown below in Figure 34.  
 
Figure 34. Water sector institutional roles and responsibilities under the Water Act 2002 

 
Source: WRMA 2008 

This chapter provides an overview of institutional mandates and agency roles and responsibilities in Kenya’s 
water and environment sectors.  The institutional arrangements for water resources development in Kenya are 
not straightforward and involve many actors.  The relative capacities of Kenya’s institutions vary, as do 
current levels of investment.  Implementation of a comprehensive water resources development program must 
involve all of these stakeholders, and address critical water resources management and catchment 
management issues.  
 
Kenya lacks one ministry or agency with responsibility for consolidating basin-wide development plans. As 
the regulator for water resources, WRMA could play this role, but would need to strengthen its capacity for 
water resources monitoring and assessment. In addition, to push the water resources development agenda 
forward, a specific institutional coordination mechanism for water resources development is needed.  This 
could be formed under the interministerial coordination mechanism for the water sector proposed by the 
Water Sector Strategic Plan (WSSP 2010).  
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The Water Act (2002) clarified the role of the Ministry of Water and Irrigation (MWI) as that of 
“conserving, managing and protecting water resources for socio-economic development.” MWI has the 
overall responsibility for coordination and development of the water sector, including water resources 
management, water supply and sewerage, irrigation and drainage, and land reclamation.  The Ministry’s 
mandate includes policy development, sector planning, investment mobilization, and inter-ministerial 
coordination.    

6.1.1 Water resources management  
 
The Water Resources Management Authority (WRMA) is the state corporation charged with the 
sustainable management of water resources in Kenya. WRMA was created by the Water Act (2002) and 
established in 2005.  As the regulator for water resources, WRMA’s functions include the development of 
strategies and guidelines for water management, allocation, and permitting.  This includes the issuing, 
monitoring, and enforcing of water permits throughout the country – functions that had previously been 
under the Water Apportionment Board, which was dissolved after the implementation of the Water Act 
(2002).  WRMA is also tasked with water resources monitoring, determining the reserve flow, and 
information management.  To encourage greater accountability in the delivery of these functions, WRMA 
has its own Board and CEO, and is autonomous from daily administrative control by MWI.   
 
WRMA head office in Nairobi is supported by six WRMA Regional Offices, one for each major 
catchment: Athi, Ewaso Ng’iro, Lake Victoria North, Lake Victoria South, Rift Valley, and Tana.  These 
regional offices support another important function of WRMA, which is catchment planning and 
management through the formulation of catchment management strategies in each area.   
 
Each of the WRMA Regional Offices is advised by a corresponding Catchment Area Advisory 
Committee.  These CAACs advise WRMA on issues in each catchment, including water allocation and 
permitting, as well as linkages to other sectors. The CAACs also provide support to Water Resources 
User Associations, which are formed by community members.  The WRUAs facilitate conflict resolution 
between users, and it is proposed that they take an increased role in data collection within each 
subcatchment.  Depending on the WRUA, this might include hydrometric data, meter reading, or 
monitoring of abstraction and discharge permits.  
 
The WRMA Regional Offices, CAACs, and WRUAs have gradually strengthened their capacity for water 
resources management, assisted through with the technical and financial support from the World Bank-
financed Western Kenya CDD/FM and Natural Resources Management projects. All six WRMA 
Regional Offices have prepared Catchment Management Plans for their respective catchments.  
 
MWI developed a National Water Resources Management Strategy in 2007 to address the main water 
resources challenges, including inadequate water storage, catchment degradation, and inadequate 
monitoring and data management.  A main objective of the Strategy is to increase water resources 
development, while acknowledging that the confused institutional structure regarding financing and 
development of dams and other infrastructure is a major impediment to coordinated planning.  
 
The Strategy also stresses the need to improve the ability for water resources assessment through better 
understanding of surface and groundwater safe yields and current water use and demand.  This could then 
be used to inform integrated land and water management on a catchment basis. The poor state of the 
national hydromet network, which decreased from 900 stations in 1970 to less than 100 functioning in 
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2007, is acknowledged.  To address this, it is proposed that the responsibility for rehabilitating and 
operating these stations be devolved to the catchment level. While this Strategy provides a good 
framework for water resources sector priorities, the extent to which it is influencing the activities of 
WRMA and other institutions is unclear. 

6.1.2 Water supply and sanitation  
 
The Water Act (2002) separated water services provision from water resources management, and 
created the Water Services Regulatory Board (WASREB) as the regulator for water supply and 
sewerage.  Much like WRMA is to water resources management, WASREB is a state corporation with 
the mandate for policy and strategy development with regard to water services, also operating with its 
own CEO and Board.  This includes the establishment of performance standards for Water Services 
Boards and Water Services Providers, and monitoring and reporting against these standards publicly.  
Other guidelines developed by WASREB include operational standards for water services facility 
development, guidelines for setting tariffs, and guidelines for service provision agreements between the 
WSBs and WSPs.  In addition to licensing the WSBs, WASREB approves the proposed tariffs and 
service agreements for each WSB.  
 
The Water Services Boards must ensure the provision of water and sewerage services, which is managed 
and delivered by autonomous Water Services Providers. As of 2009, there were 77 registered WSPs in 
Kenya that provide water and sewerage services to Kenya’s urban centers. Community water services 
providers are also licensed through WSBs to provide water services in rural areas.  WSPs can include 
companies, NGOs, or community groups.  Though the WSPs are responsible for services delivery as 
stipulated in their service provision agreements with WSBs, WSBs retain the responsibility for planning 
for expansion of services, investment planning, and asset management.  
 
WASREB, WSBs, and the WSPs have all gradually enhanced their functions and increased coverage with 
technical and financial support through the World Bank, GIZ, and other development partners, including 
the World Bank-financed Water and Sanitation Supply Improvement Project, which is identifying new 
sources for water supply to Nairobi and the Coast.  

6.1.3 Water resources development  
 
Kenya has multiple institutions with mandates related to single or multipurpose water resources 
development, in addition to WRMA and WSBs.  This has led to uncoordinated planning and a lagging 
agenda on the development of critical water storage infrastructure since the 1992 National Water Master 
Plan and 1998 AfterCare Study Report were completed.   
  
The National Water Conservation and Pipeline Corporation (NWCPC) was created in 1998 as a state 
corporation under MWI to manage water and sewerage schemes and services delivery for the country.  
During the operationalization on the Water Act 2002, NWCPC’s mandate changed to focus on 
infrastructure development to increase the availability, reliability, and accessibility of water supply.  This 
includes the construction and management of dams, water pans, and flood control works, and the 
expansion of bulk water supply for the WSBs.   
 
Kenya has six Regional Development Authorities that are responsible for integrated basin development: 
the Coast Development Authority (CDA); Tana and Athi Rivers Development Authority (TARDA); 
Ewaso Ng’iro North Development Authority (ENNDA); Ewaso Ng’iro South Development Authority 
(ENSDA); Kerio Valley Development Authority (KVDA); and the Lake Basin Development Authority 
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(LBDA).  The RDAs have the mandate of promoting integrated development through implementation of 
multipurpose water resources development projects to provide infrastructure for power generation, flood 
control, irrigation, and water supply. The first RDA established was the Tana River Development 
Authority in 1974 (later changed to include the Athi Catchment); by 1990, all six had been formed.  The 
RDAs had been under the coordination of various ministries since their establishment. In 2003, Kenya 
created a Ministry of Regional Development Authorities (MORDA) to provide overall guidance, support 
and coordination to the RDAs on policy creation, program development, resource mobilization, and 
information management.  Each RDA has their own investment plans, which are compiled by MORDA, 
and focus on multipurpose dams.  
 
KenGen, Kenya’s power company, is responsible for development and management of power generation 
and transmission for most of the country.  With this mandate comes the responsibility for operation of 
hydropower reservoirs.  As KenGen’s priority is power generation, this often results in single-objective 
reservoir operation rather than operation optimized for multipurpose users, occasionally resulting in 
conflicts with irrigation and other users during drought periods.  KenGen is currently very dependent on 
hydropower, which makes its overall generation ability in any year vulnerable to hydrologic variability. 
As a result, KenGen is now focused on expanding and diversifying their generation capacity by investing 
in other sources, particularly geothermal and thermal.   
 
The state corporation charged with development and management of national irrigation schemes is the 
National Irrigation Board, which is overseen by MWI.  The NIB was founded in 1966 to assume 
management responsibility for the three existing national irrigation schemes at that time.  Currently, there 
are six schemes under the NIB’s management accounting for around 10,000 ha of irrigation. Due to low 
investment in maintenance, these schemes suffer from low efficiencies, high unaccounted for water, and 
high wastage.  The MWI’s recent Irrigation and Drainage Policy and Master Plan has the goal of 
expanding the area under irrigation from 123,000 ha by 32,000 ha each year up to 2030. NIB is also 
focused on irrigation and drainage policy creation, in collaboration with WRMA and under MWI.   

6.1.3 Transboundary water resources management and development  
 
Over half of Kenya’s water resources are shared with neighboring countries.  Though this complicates 
water resources management and development, Kenya is actively engaged in two major transboundary 
institutions in the Lake Victoria Catchment with the goal of cooperative management and development of 
shared water resources.  GoK has also engaged in dialogue on other transboundary waters, including Lake 
Jipe and the Pangani River (Kenya-Tanzania) and the Omo River and Lake Turkana Catchment (Kenya-
Ethiopia), where discussions have centered on the Ethiopian Government’s plans for hydropower 
development.  
 
Kenya is a member of the Nile Basin Initiative (NBI), which is a transitional regional institution 
established by the Nile riparian countries6

                                                      
6 Nile riparian countries include Burundi, DRC, Egypt, Ethiopia, Kenya, Rwanda, Sudan, Tanzania, and Uganda. 
Eritrea is also a Nile riparian, but an observer in the NBI rather than a full member.  

 in 1999 with the shared vision to “achieve sustainable socio-
economic development through the equitable utilization of, and benefit from, the common Nile Basin 
water resources.”  Over the past decade, the NBI has built capacity for basin-wide water planning and 
management, and launched a significant investment portfolio to support joint water development.  Kenya 
is an active participant in the NBI’s subregional investment office for the Nile Equatorial Lakes 
Subsidiary Action Program, which is currently preparing transboundary projects in the Sio-Malaba-
Malakisi, Mara, Kano, Yala, and Gucha-Migori subcatchments of the Lake Victoria Basin, with 
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development partner support.  These projects include small water storage and hydropower development, 
wetland conservation, irrigation potential assessments, and subcatchment water management projects. 
The NBI is also playing a significant role in developing power interconnections in the Lake Victoria 
region, in coordination with the East Africa Power Pool.  
 
The second is the Lake Victoria Basin Commission (LVBC), which was established as an institution of 
the East African Community in 1999 and operationalized in 2004 with Kenya, Tanzania, and Uganda as 
members.  Rwanda and Burundi later joined both the EAC and the LVBC.  Due to the specific nature of 
the water quality, environmental management, and livelihood challenges of the Lake Victoria Basin, the 
LVBC has focused primarily on resources management issues relating to economic development, 
including water quality, sustainable land use, and fisheries. The LVBC’s current projects include the Lake 
Victoria Environmental Management Project (Phase II), which is funded by the World Bank, as well as 
other initiatives on health, water and sanitation, and environmental conservation.  

6.1.4 Environmental management   
 
The Ministry of Environment and Mineral Resources (MEMR) has the mandate of environmental 
conservation, protection, monitoring, and management for poverty reduction and maintenance of a 
clean environment. The Ministry’s core functions include policy formulation, data collection and 
management, environmental enforcement and compliance, regulation and management of mineral 
resources, and meteorological services. To support in these functions, MEMR has four state corporations 
or departments under it: (i) the National Environment Management Authority (NEMA); (ii) Kenya 
Meteorological Department; (iii) Mines and Geology Department; and (iv) Department of Resource 
Surveys and Remote Sensing. 
 
NEMA, created by the Environmental Management and Coordination Act (EMCA) (No. 8 of 1999) and 
established in 2002, is the state corporation tasked with implementation and enforcement of all 
environmental policy, and overall coordination of environmental management activities. NEMA’s main 
functions include the establishment of guidelines on environmental management, land use, and pollution 
control, including water quality; identification of projects which require EIAs or environmental 
monitoring; and reporting on the state of the environment.  
 
Forest management is handled by a range of organizations, but the Kenya Forest Service has primary 
responsibility for gazette forest reserves and indigenous forests.  KFS formulates policy and prepares and 
implements management plans. Pressure on these forests is intensifying due to population pressure and 
resource scarcity.  
  
A key area for coordination between Kenya’s water and environment sectors is the protection of Kenya’s 
five water towers.  The degradation of these catchments is a result of encroachment by surrounding 
populations, which is causing deforestation, cultivation of river banks, and other poor land use practices.  
The result is high erosion and poor quantity and quality of the resulting runoff, which reduces reservoir 
capacity through siltation and disrupts water supply operations.  

6.1.5 Flood and drought management   
 
The Disaster Operations Center (DOC) under the Ministry of Special Programs in the Office of the 
President is responsible for management of all disasters, including floods and earthquakes.  The role of 
the DOC is coordination of post-disaster related activities of various ministries at the district level.  This 
is done through Disaster Management Committees at the provincial and district levels. The World Bank-
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funded Western Kenya CDD and Flood Mitigation project has been providing technical and financial 
support for flood management works and flood warning system development.  
 
The Water Act 2002 required WRMA Regional Offices to develop Catchment Management Strategies 
and plans for protection and control of water resources in each of the main catchment areas. The Water 
Act specifically stipulates protection of catchment areas, which is important for reducing flood hazards. In 
addition to formulating these strategies, the WRMA Regional Offices are required to facilitate the 
formation of WRUAs to assist in cooperative watershed management.  
 
Drought management involves many sectors and stakeholders, and has been addressed in Kenya through 
a Food Security Steering Group.  The Group’s work is informed by and implemented through District 
Steering Groups and Community Development Committees.  Theses drought management structures have 
been supported by the World Bank funded Arid and Semi Arid Lands Projects I and II and have 
developed early warning systems to decrease the devastating effects of drought on food security.  The 
ASAL Project II also provides support for emergency relief during and recovery after droughts. 
 

6.2 Institutional mandates for water resources development 

Kenya requires balanced development of infrastructure and institutions.  Kenya’s stocks of hydraulic 
infrastructure are insufficient for controlling variability and ensuring a reliable water supply for all uses.  
Where infrastructure is underdeveloped, investment in it is critical. As adequate infrastructure stocks are 
built, investment in institutions and management capacity becomes increasingly important. Without a 
minimum set of storage infrastructure to regulate variable flows, the management ability of even them ost 
advanced water resources institutions will be limited. Complementary non-structural approaches, such as 
watershed management, land use planning, and improved water information, also require investment. 
 
Kenya must now take a broader view of the water sector to focus on water resources development and 
management.  MWI has stressed this point in the Water Sector Strategic Plan (Republic of Kenya 2010) 
and the draft Water Harvesting and Storage Management Policy (MWI 2010b).  This approach is sensible 
for Kenya, as it is increasingly difficult to secure bulk water at the required reliability levels without 
storage.  To do this, Kenya’s institutional capacity must better align with the more comprehensive view of 
the water sector presented by the 1999 water policy and 2002 Water Act.  Figure 35 below illustrates this 
comprehensive view, in which the development and management of infrastructure for all uses, as well as 
the development of management instruments, is coordinated between sectors.  This figure also illustrates 
the dependencies of Kenya’s productive sectors on a reliable supply of water.  
 
Figure 35 A framework for water resources management 
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Source: World Bank (2004b).  

6.2.1 Institutional structures remain unclear  
 
The Water Act (2002) does not clearly assign institutional responsibilities for multipurpose water 
resources development, including water storage, flood control and irrigation, and hydropower generation. 
Responsibility for the development, ownership, and management of water storage structures remains 
dispersed between multiple Ministries and parastatals, and no single institution has the mandate to 
coordinate basin-level management and development plans.  Large-scale water storage development 
requires strengthened institutional coordination mechanisms and a sufficient investment budget.   
 
GOK acknowledges the need for clearer institutional mandates and better coordination for water 
resources development.  As a result, MWI completed a draft National Water Harvesting and Storage 
Management Policy (2010), which supports GOK’s goal of increasing water storage capacity from 124 
MCM to 4.5 BCM by 2020.  The policy acknowledges that confused and overlapping mandates have 
undermined the development of water harvesting, storage, and flood control systems. The policy 
emphasizes central environmental issues that affect water resources development, such as degraded 
catchments and poor infrastructure management, resulting in decreasing water storage due to reservoir 
siltation and deteriorating infrastructure.  
 
In order to reach the target of increasing storage volume to 4.5 BCM, MWI had prepared a preliminary 
list of new water storage projects to be prepared or implemented by 2015.  This list had a combined 
storage volume of 3.2 BCM, with the large budgetary requirement of almost US$ 1.5 billion (Ksh 112 
billion).   
 
In keeping with the broad mandates and separation of functions under the Water Act, the National Water 
Harvesting and Storage Management Policy proposes that MWI retain a policy development and 
implementation planning role, while the Ministry of Regional Development Authorities take the 
responsibility for identifying priority water storage development sites in each catchment.  The Policy also 
implies that NWCPC and the NIB should take on the role of implementation, in keeping with their 
mandates for infrastructure development. If approved, the Ministries involved would need to develop a 
clear coordination mechanism.  

6.2.2 A role for WRMA: Integrated basin-level planning  
 
As the regulator for water resources, WRMA should consolidate plans for water resources development 
on a basin level, though this may not be specified in the Water Act and Rules. Though sensible to 
separate WRMA’s regulatory function from that of water resources developers, WRMA may be the best 
institution to engage in comprehensive catchment planning. The Water Resources Management Rules 
(2007) define WRMA’s mandate as that of water resources assessment, water allocation, water permitting 
and fee collection, water resources data collection, and other related tasks. Like the Water Act (2002), the 
Rules do not define WRMA’s specific mandate for assessing water resources development potential and 
preparing comprehensive water resources development plans on a catchment basis. As the regulator, 
however, it is necessary that WRMA undertakes basin-level analysis to support water resources 
management, including permitting. 
 
For single purpose dams, the arrangements are relatively clear, with WSBs, NIB, and KenGen taking 
the lead on their respective sectors. For multipurpose dams, the arrangements are not as clear. Though 
MORDA and the RDAs are the lead developers, they are not in the best position to conduct water 
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resources and demand assessments and package projects on a catchment level.  The coordination between 
MORDA and NIB is unclear and appears weak. WRMA may be better positioned to address these issues 
as well as flood management, as it is responsible for basin hydrological monitoring and assessment.   
 
It is critical for GOK to establish coordinated mechanisms to prioritize dam schemes, coordinate with 
various entities across sectors, and mobilize resources in coordination with Development Partners and 
potential private financiers. The ability to prioritize multipurpose dam sites based on a sound decision 
making process that includes a justifiable economic and financial assessment is weak.  Though PPPs are 
advocated, little progress has been made.  
 
WRMA is mandated to prepare Catchment Management Strategies, but these are currently divorced from 
any development plans that would reduce vulnerability in each catchment. Guidelines do not exist to 
guide Ministries on the allocation of the costs of multipurpose dams to multiple users or the involvement 
of the private sector in water resources development projects. WRMA is currently responsible for 
reviewing the design of hydraulic infrastructure and determining water allocation. Though WRMA 
regulation includes some specific clauses related to dam design, WRMA regional offices have not built 
the required capacity to oversee dam design and management. 

6.2.3 Inter-ministerial coordination  
 
Inter-ministerial coordination for multipurpose dams is needed at the national and regional level. 
Coordination mechanisms have also been proposed by the Water Sector Strategic Plan (Republic of 
Kenya 2010), which was developed cooperatively by key water-related Ministries and agencies. The 
WSSP covers the period of 2009-2014 and gives priority to three issues: water storage development; 
water for production, focusing on irrigation and industry; and disaster risk reduction and preparedness.  
The WSSP stressed the need for increased inter-ministerial coordination to realize these objectives.   
 
MWI, as the focal point for all water-related activities, was to establish a National Water Secretariat to 
facilitate information sharing and coordination meetings.  The coordination and decision-making in the 
water sector was proposed to be done through two cooperative organs, Inter-ministerial Water 
Coordination Committee and the National Water Standing Committee.  Two consultative fora, the Annual 
Water Sector Conference and the Water Sector Working Group, were proposed for dialogue and 
reporting.  
 
Water resources development activities also require inter-ministerial coordination, either through a 
subcommittee of the National Water Secretariat or possibly through the MWI Department of Irrigation, 
Drainage and Storage to encourage close coordination with WRMA and MORDA. Technical support and 
capacity building is critical to support planning and consultation works with key stakeholders. The 
hydrological and economic model that this ESW developed can be useful instruments for planning and 
consultation activities.   
 
Other issues will also need to be addressed, including:  

• Water quality challenges, including pollution and high sediment loads due to deforestation and 
other catchment degradation.  

• Poor groundwater management and monitoring, resulting in a limited information base, and 
lack of adequate regulation of groundwater withdrawals due to an incomplete permitting system. 

• Poor water resources information base, including non-functioning monitoring stations and no 
central information management system. 
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• Lack of clear or integrated operating rules for reservoirs and an unclear water allocation 
system, leading to competition between water users and crisis in times of drought. 

• Inadequate sustainable reservoir management: limited operation and maintenance, resulting in 
deteriorating infrastructure and dam safety issues, as well as a high rate of sedimentation of 
reservoirs.  

 

6.3 Financing aspects 

MWI has estimated that increasing storage volume by 3.2 BCM will require almost US$ 1.5 billion 
(Ksh 112 billion), which would not even accomplish GOK’s overall goal of increasing storage from the 
current 124 MCM to 4.5 BCM by 2030.  The current budget, however, cannot accommodate such major 
investments for water resources development.  
 
While the allocation for WSBs has greatly increased, the budget allocation for WRMA and NWCPC to 
undertaken water resources management and development has not kept pace with needs.  The MWI 
budget allocation for FY09, which was Ksh 22,875 million (US$ 306 million), showed an increase of 
almost one-third from the FY08 budget of Ksh 17,365 million (US$ 232 million). The great majority of 
the FY09 budget went to water supply and sanitation Ksh 18,760 million (US$ 251 million), with an 
additional Ksh 2,610 million (US$ 35 million) for water resources management.  Irrigation and drainage 
and water storage had a combined total allocation of Ksh 1,476 million (US$ 20 million), while the small 
remainder was allocated to land reclamation (Ksh 119 million, or US$ 1.6 million). Considering that the 
current budget for WRMA mainly supports water resources management activities, there seems to be very 
limited scope for water resources development in comparison with estimated investment needs of around 
US$ 1.5 billion.    
 
GOK must prepare a set of prioritized dams with budget requirements, an implementation schedule, and 
information on the anticipated benefits for each catchment.  This study provides a basis for facilitating 
discussions and agreeing on budgetary contribution from each financier.  The Bank could assist with 
preparation of such a plan, facilitate resource mobilization for water storage investments, and provide 
assistance to build institutional capacity.  
 
An institutional and financing mechanism for private sector participation in multipurpose storage 
development needs to be developed.  This should include cost allocation and financing models. The Bank 
can provide information on cases for hydropower development projects and multipurpose dam 
implementation arrangements developed internationally.  
 
While some hydropower projects can be financed and operated by the private sector, the majority of 
multipurpose dams are mainly supported by public funds. Water utilities and irrigation schemes can and 
should cover operation and maintenance costs of water treatment and distribution system, but seldom 
cover the investment costs associated with the dam. Therefore, GoK and DPs have to agree on a 
prioritized set of investment schemes and secure budget to prevent further lagging of water resources 
development schemes. 
 
A financing mechanism for supporting community based water harvesting works should be established. 
Waster Sector Support Fund could be expanded to cover small scale water harvesting, storage, irrigation, 
flood control and catchment conservation works. Ongoing NRMP and Western Kenya CDD/FM projects 
can provide useful lessons for implementation arrangements.     
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CHAPTER 7  CONCLUSIONS AND RECOMMENDATIONS 

 
 

7.1 The importance of securing a sustainable water supply  

Attaining water security is critical in order for Kenya to reach its development goals on economic 
growth and poverty reduction. Kenya experiences high hydrologic variability within and between years, 
which adversely affects its national economic performance. Increasing Kenya’s reliability of water supply 
will improve livelihoods and increase the economy’s resilience to regular droughts, as will providing 
storage capacity for flood regulation. 
 
Water security can be attained by sustainably improving the reliability of water supply.  River water is 
the only naturally occurring, sustainable fresh water source in Kenya that can be economically developed 
to increase the reliability of water supply for the whole country. Groundwater, while important in ASALs, 
has a safe yield of only 0.618 BCM per year compared to 14.8 BCM per year of surface water at 80 
percent reliability and has already shown over-abstraction and aquifer depletion in some areas. 
Unconventional sources of water (including seawater desalination, water re-use and aquifer storage and 
recovery) could be assessed for some particular areas, but can be expensive and cannot significantly 
increase the reliability of water supply in Kenya as a whole. Water conservation through improved 
distribution system efficiency is very important and should be addressed as a matter of priority in parallel 
with the new water supply provision.   
 
Surface water storage provides a means of increasing the reliability of water supply. Kenya has 
underdeveloped surface water storage potential, leading to its vulnerability to droughts. Surface water 
storage is necessary to smooth out the variability of river flow and increase the reliability of water supply. 
Ensuring continued, reliable water supply from rivers requires provision of sustainable infrastructure, 
which should also be operated in a sustainable manner with due attention to reservoir sedimentation 
management.    
 
New storage investments to increase the reliability of water supply in Kenya are long overdue. No 
major dams have been constructed since mid-1990 with the completion of Ndakaini Dam, which supplies 
water to Nairobi.  As previously noted, water storage in Kenya is estimated to be 103 m3 per capita, of 
which 100 m3 per capita is allocated to single-purpose storage for hydropower production. Without new 
storage development, critical water deficits will continue throughout the country, which will constrain 
economic growth and hamper poverty reduction efforts.   

This study has provided a framework for prioritizing new water storage investments in water stressed areas 
and prepared a first list of investments for further discussion with the Government. The need for new water 
resources infrastructure to support water supply expansion to key urban areas, including Nairobi and the 
Coast, was clearly identified.  The potential of multipurpose dams to provide water for irrigation, livestock 
and flood control in other water-stressed areas was identified as a way to support growth and poverty 
reduction in those areas, specifically Western Kenya.  Such investments could compliment ongoing and 
planned improvements in urban water supply and sanitation provision, natural resources management and 
rural development as has been successfully done in other countries in Africa.  
 
A comprehensive project for the water resources sector will need to support water resources institutions and 
information system development; this could include strengthening water resources monitoring, assessment, 
and development planning capacity at WRMA, MWI, and other relevant institutions. A catchment 
management program must accompany infrastructure investments, and capacity building could strengthen 
GOK’s reservoir and dam management guidelines for better operation and maintenance.  
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Kenya has a significant potential for the development of multipurpose storage that can improve the 
reliability of water supply for the most water stressed areas of economic significance in the country. 
This study’s rapid analysis of 225 potential storage investments led to the preliminary identification of 30 
potential investments that can improve the reliability of water supply in Kenya and are recommended for 
further detailed analysis. Multipurpose water storage development would increase the reliable supply of 
water for domestic, commercial, industrial, livestock, and agricultural uses. It can increase the reliability 
of hydropower generation and ensure more consistent environmental flows. Through flow regulation, 
storage investments can also mitigate flood damage, though this was not analyzed in this study. 
 
Water sector reforms have improved water services delivery and water resources management 
institutions, but water resources development has not kept pace. This is partly attributed to complicated 
and unclear institutional mandates for dam construction. These institutional responsibilities will need to 
be further clarified and an inter-ministerial coordination mechanism for water resources development 
established. WRMA may be in a good position to consolidate the development plans of various agencies 
into comprehensive water resources development plans for each catchment.  WRMA will also need to 
strengthen its capacity for water resources monitoring and assessment.  
 

7.2 Study results  

The objective of this study was to advance the process of prioritizing investments in water storage that 
could reduce water stress in economically important areas. The specific objectives of the study were to 
(i) outline a comprehensive framework for screening of potential storage sites; (ii) identify important 
water stressed areas through an updated water balance assessment; (iii) assess multipurpose water storage 
options based on a cost benefit analysis; and (iv) analyze institutional and financing aspects of water 
resources development for capacity and knowledge gaps.   
 
This study provides a first set of screening criteria for storage options.  This study has developed a 
framework for evaluating potential storage options based on hydrologic, economic, and engineering 
criteria.  On a location-specific basis, detailed studies will be needed to consider site-specific technical 
issues and environmental and social impacts and benefits, building on existing and ongoing feasibility 
studies.  Ongoing master planning processes will also provide evaluation of water storage investments 
and other alternatives, including groundwater development.  
 
This study took a reliability-based approach to storage planning. This study revealed the importance of 
basing estimates of safe yield on reliability requirements. The river flow variability between seasons and 
years is extremely high in many parts of the country, and may increase due to the impacts of climate 
change. New reservoirs will increase reliable water supply and provide the storage capacity to mitigate 
future climate risks, which may include declining but intensified rainfall and intensified flood runoff.  
Run-of-river schemes are susceptible to flow variability and low water supply reliability.  
 
This study prepared new estimates of surface water yields, but incorporated existing information on 
groundwater availability. Groundwater development is important to provide water for domestic 
consumption based on the last detailed assessment conducted by JICA in 1992, especially in rural ASAL 
areas and parts of the Coast.  This is also true for the Ewaso Ng’iro where groundwater accounts for a 
significant percentage of the reliable yield.  The Nairobi Aquifer System, on the other hand, is already 
over-exploited and water quality and quantity is declining as a result. Coastal aquifers must also consider 
potential sea water level rise and saltwater intrusion.   
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This study updated the water balance for 2010 and 2030 to identify priority water stressed areas for 
further consideration.  This was based on updated water requirement predictions and a new hydrological 
yield analysis that accounted for the required reliability levels of yields and uses.  Key water stressed 
areas include Nairobi and Mombasa metropolitan areas and parts of Western Kenya, as well as many of 
the ASAL districts, which have potential for large multipurpose development programs.  While urban 
water use will rapidly increase in Nairobi, Mombasa and other small cities, irrigation and livestock water 
use will also increase in order to address poverty reduction in rural areas and increase food security.  
 
The results indicate that there are many potential investments in surface water storage that will 
improve water security.  The study reviewed a long list of dams based on location, efficiency of reservoir 
yield and construction costs, and a cost-benefit analysis. The preliminary screening resulting in an 
indicative list of 30 dams (total storage volume of 5.6 BCM) that are expected to yield 5.2 BCM per year 
for 90 percent reliability, with a total investment cost of US$ 3.07 billion. The list includes single-purpose 
and multi-purpose dams and illustrates the great development potential of storage investments in Kenya. 
The list of dams is indicative only, without having considered environmental and social aspects. The 
inter-dependency of some dams should be further examined.  This work will need to be followed by a 
detailed screening and site-specific studies, with special consideration to environmental and social issues.   
 
The benefits of multipurpose dams would include water for urban, agricultural, and power generation 
purposes, as well as mitigation of floods and droughts.  Many of the dams identified in the preliminary 
screening would provide bulk water supply to Kenya’s large cities, including Nairobi and Mombasa.  
Irrigation potential was likewise quantified, with a total irrigation development potential of the prioritized 
list of dams of about 100,000 ha.  This would significantly increase Kenya’s existing irrigated area of 
123,000 ha. Viable small scale irrigation areas totaled 74,000 ha (in the medium cost case). Many 
potential irrigation areas in the Western Kenya coincide with regular flooding areas downstream of major 
rivers. Flood control, though not explicitly considered by this study, would be another benefit of 
multipurpose dams. 
 
Catchment management and other complimentary investments in associated facilities for water supply 
and irrigation should be considered and planned in a consorted manner with storage development to 
enhance economic development effects and sustainability. In particular, improved watershed management 
can slow soil erosion in the watersheds; moderate runoff and potential flood damage, and improve 
infiltration into soils and aquifers. Such activities could reduce sedimentation rates, thus preserving more 
of the useable capacity of reservoirs and reducing water treatment costs.   
 

7.3 Recommendations and Next Steps   

Kenya needs an integrated water resources development program to concurrently improve water 
security and strengthen water resources development and management capacity. The high water stress 
in economically important areas, lack of required water resource infrastructure and predicted increases in 
demand for water over the next 20 to 40 years demand a concerted effort to improve water security.  It is 
noted that this study reviewed various water sources to sustainably improve water supply reliability, and 
concluded that surface water in rivers is the best suited for this purpose. Ongoing independent studies 
consider the use of other water sources and should not be neglected in the development of a 
comprehensive water resources development program. Such a program should consider the sustainable 
use of all water sources and address key institutional, environmental and social issues. 
 
This will require increased attention to water resources development in Kenya, and better definition of the 
roles and responsibilities of Kenya’s water-related institutions for development and management of water 
resources projects.  Strengthened capacity for water resources assessment, monitoring, and management 
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are needed to assess and support new investments. Catchment area conservation must utilize both soft and 
hard interventions and build on the lessons learnt from past and ongoing projects. A broader water 
development program should also consider supporting local communities to enhance water harvesting and 
small-scale storage for livelihood improvement.   

7.3.1 Environmental and Social Impact Assessments 
 
Environmental and social screening of potential storage projects, followed by impact assessments at 
pre-feasibility and feasibility study levels are of critical importance. It is known that dam construction 
can adversely affect society and the environment if not prudently implemented. Careful consideration of 
the safeguard requirements for dam development requires acceptance by relevant stakeholders and 
alignment with international best practice. Subsequent detailed ESIA and feasibility studies for each 
investment must demonstrate that the development benefits of storage dams outweigh the costs of adverse 
environmental and social impacts and mitigation measures.  

7.3.2 Investment Planning 
 
Kenya currently lacks investment-ready water storage projects. Kenya has not previously executed a 
country-wide assessment for increasing water security and prioritizing projects on a national scale. The 
current study is a first step to addressing this shortcoming. Furthering this effort will require development 
of an investment plan through additional preparatory studies in coordination with other ongoing efforts 
and stakeholders.  
 
Investment screening through detailed studies to select preferred projects is required. More detailed 
engineering, economic and financial analyses are necessary to finalize the selection of preferred projects. 
Some studies are already ongoing, including the water supply master plan development for Nairobi and 
for the Coast; and flood mitigation studies in Western Kenya. The goal of the detailed investment 
screening is to identify optimal projects by considering the results of this study, other ongoing studies and 
studies to follow. 
 
Infrastructure investments phasing is required to accommodate the significant financing and 
preparation effort. The projects identified during the investment screening process should be prioritized 
to allow phasing of investment and preparation effort. Some projects are more critical than others. The 
more critical projects may require fast-tracking, such as the single-purpose urban water supply projects 
for Nairobi and Mombasa. Other projects, such as the multi-purpose projects in the Lake Victoria Basin, 
particularly in the Nzoia and Nyando Rivers, will likely best be phased to optimally provide flood control 
benefits, hydropower and storage to supply water for irrigation, livestock, and urban water supply. Once 
the projects have been prioritized it will be necessary to mobilize and coordinate support for these 
investment opportunities.  

7.3.3 Strengthened water resources management and development capacity 
 
To accelerate storage development, it is necessary to strengthen the technical capacity at WRMA and 
MWI in water resources assessment, basin planning and project analysis. This would include 
strengthening WRMA’s role as water resources regulator through better equipping it with information and 
analytical tools to carry out its mandate.  Improving the hydro-meteorological monitoring network and 
building capacity in groundwater monitoring and assessment through collaboration between WRUAs and 
others are encouraged. Updated information on river flows and groundwater status will allow for 
continuous water resources monitoring, better analysis, water supply management and emergency 
warning.  
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In particular, the development of storage will result in multiple inter-basin water transfers, particularly to 
Nairobi. The operational management of large reservoir systems requires special expertise and data to 
minimize the risk of non-supply of water. Training, as well as a suite of operational and modeling tools 
for integrated water resources development planning and management will enhance agency abilities.  
 
Policies to increase GOK’s capacity to sustainably operate and manage dams and reservoirs require 
development.  This might include policies and operational guidelines on reservoir operation, water 
allocation, catchment protection, sediment management and others. Of critical importance in the 
development of surface water storage is the operational use of reservoir sedimentation management 
strategies to ensure infrastructure sustainability. Policies requiring implementation of reservoir 
sedimentation management technology are necessary to ensure infrastructure sustainability. To further 
facilitate water resource development the GOK may consider the development of clear water resources 
development financing guidelines and provisions for private sector involvement.  
 

7.4 The potential role of the World Bank  

This study provides strong justification for the Bank to support to GOK’s water resources development 
agenda.  Such support has already been planned with GOK, and is reflected in the World Bank’s Country 
Partnership Strategy (2010-2013) in the form of a Water Resources Development Project. The Bank could 
consider providing dedicated technical and financial support for priority multipurpose and single-purpose 
storage development, along with technical assistance and capacity building to strengthen water resources 
management capacity.  This might include rebuilding water information systems aimed at water resources 
management. Associated investments in watershed management, flood control, irrigation, and 
hydropower generation could also be included.  Through the preparation process, the Bank could assist 
GoK in strengthening the required institutional mechanisms for the implementation and operation of 
water storage infrastructure. The Bank is ready to assist GoK in building up partnership with various 
development partners for water resources development and mobilizing funds.  The Bank could also 
provide learning programs related to water resources development based on the work done under this 
study. This could be a potential area for collaboration with WBI, mobilizing resource experts for various 
technical subjects to enhance the capacity of the Ministry and relevant agencies and facilitate the 
preparation of investment lending projects.  
 
The Bank can strengthen support for related water sector investments in irrigation, catchment 
management, urban water supply, and flood and drought mitigation. The Bank is already active in 
urban water supply and sanitation delivery through WaSSIP, and in catchment management and irrigation 
system rehabilitation through the NRM project.  In Western Kenya, the WKCDD/FM project is 
implementing flood mitigation works, while a second phase ASAL project is dealing with drought issues. 
Though these are not the focus of this study, the case for these existing investments in Kenya is well-
established and the investments are complementary to other water resources development programs. 
 
Following from this study, the Bank could also assist by conducting follow up studies on specific topics 
that were not within the scope of this ESW, but are still important to inform investment planning.  For 
water storage investments, suggested topics could include a strategic/sectoral environmental and social 
assessment for future water resources development options, an assessment of climate change impacts with 
particular attention to the “demand side” of rain-fed and irrigated agriculture, and technology transfer as it 
relates to reservoir sedimentation management.  With regard to disaster risk management, follow up 
studies could include an economic assessment of the impacts of floods and droughts, as the last study 
related to this was completed in 2004.  This would complement ongoing work under the Western Kenya 
CDD and Flood Mitigation project. Good studies have been completed or are ongoing for flood 
management plans for the Nzoia and Nyando rivers, but the economic assessment methodology has not 
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been established, which is important from both analytical and operational perspectives.  On the urban 
water side, a study on ways to increase the efficiency of water services could be useful for GOK.  
Currently, Kenya has low coverage rates and high non-revenue water throughout most of its utilities, 
implying a need for demand management and urban water utilities improvement.  In terms of water 
institutions, a specific study could be proposed on the legal and institutional realignments of 2002 Water 
Act structures in line with the 2010 Constitution of Kenya.  
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ANNEX A  ESTIMATING WATER USE REQUIREMENTS 

This Annex summarizes the methodology, sources, and assumptions behind the estimates of water use 
requirements for 2010 and 2030 that were presented in Chapter 4. Most of the data used in the analysis 
was received from GOK, including Ministry of Water and Irrigation, Ministry of Agriculture, Ministry of 
Livestock, and the Kenya National Bureau of Statistics.  
 
The purpose of these calculations was to arrive at water use estimates for inclusion in the water balance 
analysis, which assesses the supply of water (surface water and groundwater yield) versus the demands, 
following the methodology of JICA in the National Water Master Plan (1992) and Aftercare Study 
(1998). It was not to reflect the amount of water that is currently being supplied to each sector, or to 
calculate the demand for water at different prices. The coverage area, population and future water 
consumption rate were therefore not taken into account.   
 

A.1 Irrigation water requirements  

As of June 2009, approximately 123,200 ha of land have been developed for irrigation, of which 44 
percent are under small-holder, 41 percent private and 15 percent public management (MWI 2010a). 
From the mid 1980’s to date, the area developed for irrigation has increased relatively steadily at an 
average annual growth rate of 3.65 percent. Variations exist between the different catchments, both in 
terms of total irrigation potential and in terms of the percentage of the potential that has already been 
developed.  
 
The data received for the irrigation sector water demand analysis includes rainfall, estimated runoff and 
irrigation potential per sub-basin (MWI 2009b). MWI provided an inventory of 2,962 existing irrigation 
schemes which was then digitized for this project (Figure 36). This scheme-by-scheme, bottom-up 
approach amounted to a total irrigated area of 109,518 ha, or 89 percent of the reported national total. 
Since no complete geo-referenced list of all existing irrigation infrastructure was available, the area of the 
known schemes was extrapolated to match the total figure per catchment.  In order to account for the 11 
percent of schemes that were not contained in the database, an 11 percent increase was factored in when 
estimating water demand from existing schemes.  
 
Total water requirement for the area developed for irrigation is estimated based on a per hectare water 
demand of 61 m3 per day (JICA 1992), and 210 days of irrigation under a double cropping system.  
 
In order to estimate annual irrigation water requirements per sub-catchment, the following approach was 
used:  

1) Determine existing irrigated area per sub-catchment based on data from GOK; 
2) Multiply the sub-catchment irrigated area by 1.11 to account for incomplete database and growth 

since 2009. The total across all sub-catchment should be 121,565 ha;  
3) Estimate annual irrigation water requirement Irri by method 1:  

Irri (in MCM)= 0.00002 × (ET – 0.8 P) × IA 
 
Where:  
ET   is evaporation (in mm) 
P   is precipitation (in mm) 
IA   is the irrigated area per sub-catchment (in ha) 
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0.00002  is a factor converting mm into MCM, and an assumed overall 
scheme efficiency of 50 percent.   

 
Figure 36. Existing irrigation schemes 

 
Source: Data from Directorate of Irrigation, Drainage and Water Storage of MWI (2010) 
 
For the irrigation sector, three growth scenarios were considered: (1) expansion of the irrigated area at the 
average growth rate observed during the last 25 years, i.e. at 3.5 percent per annum; (2) irrigation sector 
growth at an accelerated rate of 7 percent per year; (3) as a high scenario, expansion of irrigated area by 
10 percent per year.   
 
The results for irrigated area and water requirements until 2050 assuming the present use is 2.84 BCM are 
shown in Table 33.  
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Table 33. Projected Irrigation Water Requirements (2010-2050) 

Year Base-case Medium-case High-case 
 Area 

(ha) 
Demand 
(BCM) 

Investment 
needed 
(million $)* 

Area 
(ha) 

Demand 
(BCM) 

Investment 
needed 
(million $) 

Area 
(ha) 

Demand 
(BCM) 

Investment 
needed 
(million $) 

2010 184,000 2.84  184,000 2.84  184,000 2.84  
2020 224,295 3.08 262 259,550 3.79 491 299,717 4.30 752 
2030 273,414 3.38 319 366,121 5.13 693 488,207 6.67 1225 
2040 333,291 3.74 389 516,450 7.02 977 795,237 10.53 1996 
2050 406,279 4.18 474 728,504 9.69 1378 1,295,358 16.82 3251 
*Note: Assumes an average $6,500/ha (present prices 
 
It is projected that expansion of irrigation will initially occur only in high-potential areas and modeling 
will be used to depict the transition to develop medium-potential areas over time.  The investment 
requirements under the three scenarios will be determined, based on historic record of irrigation 
investment costs in Kenya and the Africa region (MWI and AICD reports).  
 
For irrigation project sites that have been identified by the NIB for implementation until 2015, the main 
findings of the pre-feasibility and feasibility studies will be incorporated in the second phase of the 
analysis during sequencing and prioritization. A short-list of 24 planned irrigation projects were provided 
by the National Irrigation Board (NIB), and information on proposed location, water source, command 
area and design flow rate was digitized.  The total command area of the potential sites is 180,000 ha. 
 

A.2 Domestic water requirements   

When this ESW was initiated in 2010, the results of the 2009 KNBS Census were not yet available.  
Because of this, the ESW used population data by sublocation from the 1999 Census (CBS 1999).  By the 
time of this report, hard copies of the 2009 Census were available, but sublocation population data was 
not yet available electronically and was not digitized by the ESW team.  
 
A comparison of this ESW’s population projection and the results of the 2009 Census are made below in 
Table 34. 
 
Table 34. Comparison of 2009 Census results to ESW projections 

Province Population 
2009 Census 

ESW Population 
calculation 2010 Variance 2020 2030 

Rift Valley 10,006,805      9,224,466  -8%   10,810,415    12,312,343  
Eastern  5,668,123      5,799,953  2%     6,626,287      7,450,695  
North Eastern 2,310,757      1,282,645  -44%     1,539,309      1,773,521  
Central 4,383,743      4,882,075  11%     5,783,260      6,621,558  
Nyanza 5,442,711      5,775,186  6%     6,630,587      7,474,359  
Western 4,334,282      4,088,528  -6%     4,606,851      5,142,939  
Coast 3,325,307      3,615,741  9%     4,197,463      4,758,146  
Nairobi 3,138,369      3,586,478  14%     4,883,954      5,945,898  
Total 38,610,097    38,255,072  -1%   45,078,125    51,479,459  

 
Sublocations were classified as urban using remote sensing data from the Global Rural-Urban Mapping 
Project of Columbia University (2005).  Estimates of urban and rural population growth rates were made 
based on the information contained in the “Kenya water resources infrastructure gaps” background paper 
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to the World Bank’s Water Resources Sector Memorandum: Towards a Water Secure Kenya (2004a) 
(Table 35). The 2009 census data had not been made available in an electronic form as of the time of this 
analysis, but could be used at a later date to update the projections.   
 
Table 35. Assumed population growth rates 

 2000-2009 2010-2019 2020-2029 2030-2039 2040-2050 
URBAN 4.3% 3.3% 2% 2% 2% 
RURAL  1.5% 1% 1% 1% 1% 
Source: Kenya water resources infrastructure gaps, World Bank (2004) 
 
The water requirement per capita was also based on estimates made in the same background paper to the 
2004 Bank report, based on domestic water consumption rates given in the GOK Water Services Design 
Manual, and urban and rural consumption projections estimated in the JICA 1992/1998 studies. As no 
information regarding the distribution of housing types could be made (high class, medium class, low 
class) these assumptions were used.  
 
Note that these assumptions about requirements are likely to overestimate the amount of water assessed 
for rural areas, especially in very arid parts of the country where current consumption is low.  
 
Table 36. Domestic water requirement per capita (litres/capita/day) 

  2010-2019 2020-2029 2030-2039 2040-2050 
URBAN 150 153 156 159 
RURAL 42 48 55 62 
Source: Kenya water resources infrastructure gaps, World Bank (2004) 
 
Estimates of future urban water use requirements were based on urban and rural population and per capita 
consumption rates for each district.   
 
Table 37. Domestic water requirement by province, MCM per year 

 2010 2020 2030 
Coast  86.1 114.3 143.3 
Nairobi 193.8 269.9 335.5 
Eastern  122.6 160.9 202.2 
Central 133.8 179.6 224.7 
Rift Valley 236.0 315.1 394.7 
Western 76.3 98.8 124.5 
Nyanza 126.4 166.5 209.0 
North Eastern  38.1 51.5 64.4 
KENYA 1013.2 1356.6 1698.3 
 
A separate approximation for current urban water supply was made to highlight the differences between 
the calculated demand and the current water supply. Due to challenges with data availability, this was 
based on water services provider production volumes as reported to WASREB and aggregated by Water 
Services Board.  
 
Table 38. Annual water production by WSB 

Water Services Board PRODUCTION (MCM/yr) 
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Lake Victoria South 18.2 
Lake Victoria North 23.8 
Coast 31.8 
Athi 163.6 
Tana 66.5 
Tanathi 10.8 
Rift Valley 22.8 
Northern 11.9 
Total 349.3 
 

A.3 Commercial and Institutional Water Requirements  

To estimate the 2010 water demand for commercial and institutional uses, assumptions were made based 
on number of commercial / institutional establishments per capita and their daily water consumption and 
applied to the estimated / projected population.  Demand was based on the water consumption rates given 
in the 2005 Water Services Design Manual, and urban and rural consumption projections estimated in the 
1992 National Water Master Plan, as seen in the tables below. 
 
Table 39. Commercial water demand: number of hotels and shops per capita  

Type (Commercial) Rural  Urban  
Hotels  

 
  

    High (bed/1000pop) 0 4 
    Medium (bed / 1000pop)  0 8.7 
    Low (bed / 1000pop)  5 4.5 
Shops (no/1000pop) 0 23.6 

Source: National Water Master Plan, 1992 (JICA) 
 
 Table 40. Commercial water demand (l/c/d)  

  
RURAL AREAS URBAN AREAS 

CONSUMER UNIT High 
potential 

Medium 
potential 

Low 
potential 

High 
Class 
Housing 

Medium 
Class 
Housing 

Low 
Class 
Housing 

Hotels  m3/bed/ day  
High Class    0.6 
Medium Class    0.3 
Low Class   0.05 
Shops m3/day 0.1 

Source: GoK Water Services Design Manual, 2005 
 
Table 41 Institutional water demand: number of hotels and shops per capita 

Type (Institutional)  Rural  Urban 
Boarding schools (pupils / pop)  2 percent 2 percent 

Day schools (pupils / pop)  
28 
percent 

28 
percent 

Hospitals (bed/1000pop) 0 29.9 
Outpatient (pop/1000pop) 2.5 2.5 
Govt officers (pop/1000pop) 0 83.6 

Source: National Water Master Plan, 1992 (JICA) 
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Table 42 Institutional water demand (l/c/d) 

  
RURAL AREAS URBAN AREAS 

CONSUMER UNIT High 
potential 

Medium 
potential 

Low 
potential 

High 
Class 
Housing 

Medium 
Class 
Housing 

Low 
Class 
Housing 

Boarding schools m3/head/ 
day 

0.05 

Day schools with WC  m3/head/ 
day 

0.025 

Hospitals Regional   m3/bed/ day     0.4   
Hospitals District 

 

    0.2 + .020 m3 per outpatient and 
day (minimum 5000 l/day) 

Administrative offices m3/head/ 
day  0.025 

Source: GoK Water Services Design Manual, 2005 
 
These were then summed for the base year (2010). As commercial and institutional water demand is taken 
as a function of population, population growth rates were used as a base for future water demand.  
Estimates for urban and rural population growth rates were made based on the information as mentioned 
above.  
 
For commercial water demand, a multiplier based on Vision 2030 growth plans for tourism development 
was applied to high-priority tourism development districts.  The multiplier was applied to the growth 
rates, i.e. for a multiplier of 0.15, the commercial water consumption in that district is assumed to be 
growing 15 percent faster than in baseline districts. These commercial water demand figures were 
summed with the institutional demand projections for each future year, shown in Table 43. 
 
Table 43 Commercial and institutional water demand by province, MCM/yr 

 2010 2020 2030 
Coast  15.5 17.2 19.0 
Nairobi 28.8 32.3 35.6 
Eastern  23.0 25.4 28.1 
Central 23.1 25.7 28.4 
Rift Valley 41.6 46.2 51.1 
Western 14.9 16.5 18.3 
Nyanza 23.4 25.9 28.7 
North Eastern  6.4 7.2 7.9 
KENYA 176.8 196.5 217.0 
 

A.4 Industrial Water Requirements   

Baseline assessment (2010) 
Collecting information about the types of industries in Kenya and their annual water use proved 
extremely difficult. For the purposes of this rapid analysis, a brief update was made to the National Water 
Master Plan (1992) industrial water demand estimates for 1992, using observed or estimated GDP growth 
rates between 1992 – 2010 (see tables) as the rate of industrial development. The 1992 industrial water 
demand estimates were made using the 1989 district names and boundaries, and these were converted into 
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1998 district boundaries by normalizing industrial water demand by area and reattributing it to the new 
districts. As no analysis of urban centers within the districts was made, this likely had a small impact on 
the accuracy of the estimates, though for the purposes of this rapid assessment the approximate results 
were accepted.  
 
Table 44 Observed GDP growth 

Year 1989 1990 1991 1992 1993 1994 1995 1996 1997 

GDP 
Growth 
Rate 

4.69% 4.19% 1.44% -0.80% 0.35% 2.63% 4.41% 4.15% 0.27% 

 
Year 1998 1999 2000 2001 2002 2003 2004 2005 2006 

GDP 
Growth 
Rate 

3.36% 2.10% 0.49% 4.47% 0.55% 2.93% 5.08% 5.72% 6.11% 

Source: World Bank 2010 
 
Table 45 Reported (2007- 2008), estimated (2009) or projected (2010-2011) GDP growth 

Year 2007 2008 2009 2010 2011 

GDP Growth 
Rate 

6.90% 1.70% 2.50% 3.50% 2.80% 

Source: Kenya Economic Update. Edition No 1. World Bank, December 2009 
 
Future projections  
Future industrial water demand was estimated using projected GDP growth rates determined by the WR 
assessment team and a multiplier for each district based on their industrial growth plans envisioned under 
Vision 2030. The multipliers were applied to the (GDP) growth rate, i.e. for a multiplier of 0.1, the 
industrial water consumption in that district is assumed to be growing 10 percent faster than in baseline 
districts.  These can be found in the tables below.  
 
Table 46 Estimated GDP growth rates for future industrial water demand analysis 

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 

GDP Growth Rate 3.50% 3.80% 4.10% 4.40% 4.70% 5.00% 5.20% 5.50% 5.80% 

 
Year 2019 2020 2021 2022 2023 2024 2025 - 2050 

GDP Growth Rate 6.10% 6.00% 6.20% 6.50% 6.80% 7.10% 7.00% 

 
Table 47 Multipliers to industrial growth rate 

District industrial code Multiplier to growth rate 
0 -10 percent 
1 0 
2 5 percent 
3 10 percent 
4 15 percent 
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Table 48 Industrial water demand by province, MCM/yr 

 2010 2020 2030 
Coast  23.1 39.2 81.8 
Nairobi 81.9 140.2 296.4 
Eastern  3.9 5.9 10.8 
Central 5.9 9.0 16.2 
Rift Valley 12.9 20.2 37.7 
Western 2.1 3.3 5.9 
Nyanza 6.8 10.6 19.9 
North Eastern  0.2 0.3 0.6 
TOTAL 136.7 228.7 469.4 
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ANNEX B IRRIGATION POTENTIAL AND IRRIGATION WATER 
DEMAND 

B.1 Irrigation Development  

Irrigated area in Kenya has increased from an area of 5,450 ha in 1963 to 123,200 ha in 2009 (MWI).  
Currently irrigated area in Kenya was estimated by You et al. 2011 to be about 110,000 ha.  The main 
reason for this difference is the inclusion of some unaccounted areas developed by the private sector.  The 
main categories of irrigation development in the country are as given below: 
 
Small-scale Schemes; these are irrigation schemes owned and managed by communities as irrigation 
water user groups or individual farmers. These schemes are developed by farmers on their own or in 
partnership with other stakeholders Government included. These schemes may produce for subsistence, 
domestic and export markets. There are about 3,000 such irrigation schemes covering an area of 49,000 
hectares, a figure that accounts for 40 percent of the total area under irrigation (including private sector 
area). The Irrigation and Drainage Department (IDD) of MWI is responsible for the overall development 
of smallholder irrigated agriculture. 
 
Large-scale (National/Public) Schemes: these are irrigation schemes developed and managed by public 
agencies, specifically NIB and RDAs. Ninety percent of Kenya’s rice is produced on National Irrigation 
Schemes. For the National Schemes, the farmers are tenants. National irrigation Schemes are Mwea, 
Ahero, West Kano, Bunyala, Hola, Bura and Perkera. These schemes cover about 20,600 ha and account 
for 17 percent of Kenya’s total irrigated land. 
 
Private schemes: These are commercial high technology schemes mainly irrigating high value crops. 
These schemes employ a workforce of about 70,000 persons and produce almost exclusively for the 
export market and cover 53,600 ha and account for 43 percent of the land under irrigation. 
 
Table 49 Development of Irrigation in Kenya (1963-2009) 

Category Area Developed in Hectares 
 1963 1975 1985 1995 1998 2009 
Small-scale 1,500 2,400 17,500 33,000 34,650 49,000 
Large-scale 
(Public) 

3,200 8,500 11,500 11,700 12,000 20,600 

Private 750 10,000 23,000 37,000 40,700 53,600* 
Total 5,450 20,900 52,000 81,700 87,350 123,200 

Source: MWI, Irrigation and Drainage Master Plan 
 
The geographic distribution in the different catchment areas in the country is shown in Table 50 and in 
and in the map showing existing irrigation schemes. 
 
Table 50 Geographical Distribution of Irrigated Areas in Kenya (2009) 

Catchment Developed Area (ha) 
Lake Victoria Basin 12,320 
Rift valley   6,720 
Athi Basin  12,320 
Tana Basin  77,280 
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Ewaso Ngiro Basin  14,560 
Total 123,200 

Source: MWI. 
 

B.2 Irrigation Potential 

Kenya has a landmass of 582,000 km2 out of which only 16 percent of this is of medium to high potential. 
The high potential area receives over 1000 mm annual rainfall and accounts for less than 20 percent of the 
agricultural land carries about 50 percent (15 million) of the country’s population. The medium potential 
area receives between 750 mm to 1000 mm per annum, occupies 35 percent of the agricultural land and 
carries 30 percent (9 million) of the population. The rest of the country (80 percent) is classified as Arid 
and Semi-Arid (ASAL) with mean annual rainfall of less than 750 mm and carries about 20 percent of the 
population (6 million). This scenario clearly shows that the country is poorly endowed with potential for 
rain-fed agriculture and irrigation and drainage will need to play a big role to increase agricultural 
production.  Irrigation is especially pertinent in the face of recurrent droughts, floods and prolonged dry 
spells, which cause food insecurity and famines in the country and have to be mitigated.  
 
The opportunities for growth through irrigation, drainage and water storage are immense in Kenya. The 
country has considerable irrigation potential using mainly surface water.  However, the rate of irrigation 
development in the country has been slow, with expansion of new irrigated/drained area attaining about 
5,000 ha per year, which is equivalent to a growth rate of less than 0.5 percent.  If water storage facilities 
(in flowing streams) were to be widely developed, the current irrigation potential could be increased 
substantially.  Since the limiting factor is water, the national irrigation potential can be substantially 
increased through water harvesting and storage, the exploitation of ground water resources and 
improvement in water use efficiency. The future growth and development of the agricultural sector will 
heavily depend on the innovative use of the ASALs, and irrigation will increasingly play an important 
role in the intensification of agricultural production. 
 
Since 1970s, there have been a series of assessments of irrigation potential in Kenya. These include the 
1970 Development Plan (1970 Dev Plan), 1987 World Bank Investment Priorities of Irrigation 
Development (World Bank, 1987), 1990 Inter-American Development Bank’s Atlas of Irrigation and 
Drainage in Kenya (IDB, 1990), and various MoWD irrigation and drainage master plans (1980, 1992, 
2009). These assessments were intended for different purposes and used different methodologies and 
variables/parameters. It is difficult to strictly compare each other.  Nevertheless, these assessments are put 
together in Table 51.  As it can be seen, the estimated irrigation potential in Kenya varies from 200,000 ha 
to more than 700,000 ha.  
 
Table 51. Comparison of Previous Irrigation Assessments  

    Lake Victoria Rift Valley Athi River Tana River 
Ewaso 
Ngiro North Kenya Total 

Previous Studies (ha) (ha) (ha) (ha) (ha) (ha) 
1970 Dev Plan 

     
160,000 - 200,000 

MoWD(1980) 200,000 64,000 40,000 205,500 30,000 539,500 
World Bank (1987) 57,400 31,200 49,500 90,000 15,700 243,800 
IDB(1990) 145,000 85,000 40,000 100,000 20,000 390,000 
MOWD(2009) 227,630 73,716 29,271 147,770 19,033 497,420 
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IFPRI (2011) 
 Small-Scale 
Irrigation 

Low cost 119,379 10,019 30,629 77,481 3,539 241,406 
Medium cost 41,132 1,371 13,118 23,654 1,890 81,163 
High cost 22,604 10 9,976 19,888 1,635 54,133 

IFPRI (2011) 
Large-scale 
Irrigation 

Low cost  569.007 1,283 5,499 8.540 
 

585.319 
Medium cost 446,515 

 
5,209 8.540 

 
460,264 

High cost 421,661 
 

5,209 8,540 
 

435,410 
 

B.2.1 International Food Policy Research Institute (IFPRI) Study  
 
Under this World Bank study, a background study has been carried out by the International Food Policy 
Research Institute (IFPRI) aimed to evaluate the current water resources in Kenya to provide a strategic 
prioritization plan for investments on irrigation schemes and projects, water harvest plans, and water 
storage facilities.  A relationship between amount of water extracted, reservoir volume, and water 
reliability was first established using a statistical model to assess the impact of climatic changes on water 
reliability. Then the future water demand was estimated by taking in account of population growth and 
planned irrigation projects. Finally, a spatial prioritization of the potential lands was taken and used to 
determine the investment plan.   
 
Two approaches were used to evaluate irrigation expansion—surface runoff-based small-scale irrigation 
and dam-based large-scale irrigation. The first approach assumes that it could capture the surface runoff 
to expand irrigation in Kenya. These areas were considered as candidates for investments in small-scale 
irrigation schemes and so evaluate the irrigation potential in Kenya. Dam-based expansion would take 
advantage of water stored behind existing or proposed large reservoirs built for multi-purpose uses (e.g. 
hydropower), which have been identified by Japanese International Cooperation Agency (JICA) in 1990s.  
Areas able to benefit from the opportunistic use of flow from such reservoirs as large-scale irrigation 
schemes were identified. 

B.2.2 Approach and Methodology  
 
There are two main analytic models in IFPRI approach: one is IFPRI’s Spatial Production Allocation 
Model (SPAM), the other one is the economic model to estimate the economic internal rate of return due 
to the irrigation investment. The methodology is similar to what IFPRI carried out for the agriculture 
portion of the Africa Infrastructure Country Diagnostic (You et al. 2009). 
 
SPAM model is used to assess the spatial distribution of the current crop production and productivity, and 
of the potential productivity improvement under irrigation. This involves an assessment of the actual area 
and average farm-level yields of 35 crops and crop groups (see Table 52) under irrigated and rainfed 
conditions on a 30 Arc seconds (about 1km) grid. This is supplemented by estimates of the potentially 
irrigated area and potential irrigated yields of the same 35 crops on the same grid cells (Fishcer et al. 
2001).  The model results would be the critical spatial datasets for the following economic optimization 
model.  
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Table 52 Crop prices in major markets in Kenya (average of 2007, 2008, 2010)   

  
CENTRAL COAST EASTERN NAIROBI 

NORTH 
EASTERN NYANZA 

RIFT 
VALLEY WESTERN AVERAGE 

  
(US$/ton) 

 
Wheat 252 252 252 252 252 252 252 252 252 

 
Rice 388 388 388 388 388 388 388 388 388 

CEREAL Maize 195 195 195 195 195 195 195 195 195 

 
Barley 204 204 185 215 167 207 187 211 200 

 
Pearl Millet 227 470 322 371 420 507 322 364 420 

 
Finger Millet 224 463 318 365 414 499 317 359 414 

  Sorghum 229 270 216 291 219 293 215 230 262 

 
Potato 214 281 249 229 245 204 145 233 228 

 
Sweet Potato 249 160 269 353 232 185 136 179 220 

ROOTS and TUBERS Yam 107 69 116 152 100 80 59 77 95 
  Cassava 121 108 81 109 178 157 137 122 129 

 
Chickpeas 414 312 373 399 214 307 293 647 448 

 
Cowpea 489 484 436 514 613 760 645 661 528 

PULSE Pigeonpeas 414 312 373 399 214 307 293 647 448 
  Dry Beans 542 557 578 540 493 528 540 621 555 

 
Soybeans 300 300 300 300 300 300 300 300 300 

 
Groundnuts 816 737 798 807 884 627 578 894 737 

 
Sunflower 235 256 260 290 237 243 220 285 257 

OIL CROPS Sesame seed 304 332 337 376 306 315 285 370 333 

 
Rapeseed 292 319 324 361 294 303 274 355 320 

 
Coconuts 147 160 163 182 148 152 138 179 161 

  Palm oil 144 157 160 178 145 150 135 175 158 
SUGAR Sugar Beets 35 38 38 43 35 36 33 42 38 

 
Sugarcane 27 30 30 34 27 28 25 33 30 

FIBERS Cotton 258 281 286 318 260 267 241 313 282 
  Other Fibres 365 399 405 451 368 379 342 444 400 

 
Tea 1,574 1,717 1,745 1,944 1,586 1,631 1,474 1,912 1,723 

 
Cocoa 155 169 172 192 156 161 145 189 170 

STIMULANTS Tobacco 901 982 999 1,112 907 933 844 1,094 986 

 
Arabic coffee 1,887 2,058 2,093 2,330 1,901 1,955 1,768 2,293 2,066 

  Rubusta Coffee 1,644 1,793 1,823 2,030 1,657 1,704 1,540 1,998 1,800 
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Banana/Plantain 175 163 195 241 110 114 160 483 200 

FRUITS Tropical fruits 470 811 1,088 1,041 857 558 453 1,431 857 
  Temperate fruits 177 162 347 443 323 331 274 162 266 
VEGETABLE Vegetables 344 288 222 579 233 493 366 465 387 
Source: Agribusiness Directorate, Ministry of Agriculture, Republic of Kenya 
 
Notes:  

1. Annual average prices from 2007, 2008, 2010 
2. Other Fibers include Flex Raw; or Retted  Kapok Fiber; Flax Fiber & Tow; Hemp Fiber & Tow; Jute, Jute-Like Fibers; Ramie; Sisal; Agave Fibers nes; 

Abaca Manila Hemp; Fiber Crops nes.  
3. Tropical Fruits include Cashewapple; Mangoes; Papayas; Pineapples; Avocados; Citrus Fruit Nes; Dates; Figs; Grapefruit and Pomelo; Kiwi Fruit; 

Lemons and Limes; Oranges common(Sweet orange,bitter orange);  Tangerines; Mandarines; Clementines; Satsumas. 
4. Temperate Fruits  include Apples; Apricots; Berries, Nes(Including inter alia: blackberry; loganberry; white, red mulberry; myrtle berry; huckleberry, 

dangleberry); Blueberries(European blueberry, wild bilberry, whortleberry, American blueberry); Cherries (Mazzard, sweet cherry, hard-fleshed cherry, 
heart cherry);  Cranberries(American cranberry, European cranberry ); Currants(Black; red and white); Gooseberries; Grapes (Includes both table and 
wine grapes); Peaches and Nectarines;  Pears; Plums (Greengage, mirabelle, damson; sloe); Quinces; Raspberries;Sour Cherries; Stone Fruit, Fresh Nes 
(Other stone fruit not separately identified. In some countries, apricots, cherries, peaches, nectarines and plums are reported under this general 
category); Strawberries 

5. Vegetables include Artichokes; Asparagus; Beans, Green;  Broad Beans, Green; Cabbages; Carrots; Cassava Leaves; Cauliflower; Chillies, Peppers 
(Green);  Cucumbers, Gherkins; Eggplants; Garlic; Green Corn; Leeks and Other Alliaceous; Lettuce;  Melons, Cantaloupes; Mushrooms; Okra; 
Onions, Dry; Onions, Shallots (Green); Peas, Green; Pumpkins, Squash, Gourds; Spinach; String Beans; Tomatoes, Fresh 
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After the irrigation facility is built, farmers would benefit from yield increase, change of crop patterns 
(e.g. more high-value crops) or even by expanding cropland. Estimating the net benefit of such irrigation 
investment is complex. Assuming that farmers are rational and put the irrigation water into an optimum 
use, IFPRI build an economic optimization model to maximize the additional (comparing to without such 
irrigation investment) annual revenue from all the crops. The increase in annual net revenue and the most 
profitable crop mix, given crop prices, yield increases with irrigation, the cost of irrigation water and a 
water availability constraint, are estimated. This optimization model is complex and its mathematic 
derivation can be found in IFPRI Study. The model would provide the potential payoff to agricultural 
production from the irrigation investment. To run the model, IFPRI also collected the cost of the past 
irrigation facilities, and further grouped the irrigation costs into three levels (high, medium, and low).  
 
With the above benefit estimate, the model calculated the economic internal rate of return, using a 50 year 
horizon. IFPRI modeling framework involves two steps in irrigation prioritization in Kenya. First, it 
assumes that local surface runoff for irrigation could be harvested and run the economic model pixel by 
pixel. This would give the irrigation potential by different economic returns. Second, it would focus on 
those dams identified by JICA (Japanese International Cooperation Agency) and selected by the task 
team. Then the economic model was run one-by-one for those dams for potential irrigation expansion. 

B.2.3 Data and Assumptions 
 
The main datasets used in this study are the two major spatial datasets:  (1) current crop distribution (area 
and yield on 1km by 1km pixel), (2) crop specific biophysical potential (area suitable for irrigated and 
rainfed crop production by pixel, potentially attainable yields by pixel). The first dataset is from IFPRI’s 
spatial production allocation model (You and Wood 2006, You, Wood and Wood-Sichra 2009).  It took 
2005-2007, three-year average as our baseline year. The crop area and production data for 2005, ~2007 
are from department of Planning at Ministry of Agriculture (KIPPA 2007, KIPPRA 2009).  The second 
dataset is from the FAO/IIASA global agroecological zone (GAEZ) project (Fischer et al. 2001). 
 
Crop price is important to farmers, in particularly to farmers’ decision which crop to irrigate when the 
irrigation water is limited. Local crop prices vary from location to location.  Farmgate price is difficult to 
obtain, so IFPRI used the crop prices collected in the seven major markets in Kenya by Agribusiness 
Directorate of Ministry of Agriculture. These prices change monthly and we have to only use yearly 
average prices. To get a good baseline price and after discussion within the team, we take the latest 3-year 
average from 2007, 2008 and 2010 as 2009 is a severe drought year.  It further assumed the prices in the 
eight provinces would be presented by those major markets within the provinces. As cereal prices are 
usually distorted by Kenya government policies, the study used international prices of rice, wheat and 
maize (FAO 2010). Error! Reference source not found. shows the crop prices that were used in the model. 
 
The crop margin reflects the profitability of crop production. Local biophysical conditions, local market 
accessibility, and farm management (e.g. high-performance farmers vs. average farmers) all affect this 
ratio. Ministry of Agriculture and Kenya Agricultural Research Institute (KARI) have done various field 
studies on detailed gross margins for different crops in selected provinces. IFPRI collected over 100 such 
studies and analyzed the data. Table 2 shows the crop profit margin in the eight provinces in Kenya. 
 
It was realized in this study the difficulty of using annual ET in estimating irrigation water demand in 
Kenya. Table 3 shows the crop coefficients (Kc) for different growing stages from FAO (FAO, 1998). As 
such, the study took only an average Kc among the different growing stages, we need to estimate a 
correction factor (ETfactorj). After consulting with local irrigation experts, we did a detailed analysis at 



ESW Report   June 30, 2011 

109 

three representative irrigation schemes: Perkerra at Baringo district of Rift Valley, Mwea at Kirinyaga 
district in Central province, and West Kano at Nyando district of Nyanza province. Our analysis shows 
that 0.45 is a good factor for most crops except rice which needs more water and the correction factor is 
around 0.65. Therefore, the used the following Kc factors rice and other crops (compete list of Kc factors 
are in Table 53): 

𝐸𝑇𝑓𝑎𝑐𝑡𝑜𝑟𝑗 = �0.65 𝑖𝑓 𝑗 = 𝑟𝑖𝑐𝑒
0.45 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

� 

 
In addition, several coefficients were specified for the models. The determination of these coefficients is 
based on literature reviews, consultations with local irrigation specialists and World Bank colleagues. 
They include: 
 
(1) Irrigation water delivery cost  (US$/m3) - CWu –0.005 
(2) Overall irrigation efficiency for large-scale irrigation systems  (IE) – 0.6 
(3) Total water availability for large-scale irrigation – from hydrology study 
(4) Surface water capture efficiency for small-scale irrigation: 0.3 
(5) Unit irrigation investment cost varies widely through different irrigation technologies, size and types 

of schemes. For this study, the irrigation investment costs were included in 2 main categories (small-
scale and large scale) in three levels of investment costs each, in line with commonly observed 
figures in Kenya: small-scale: Low: capital $3000/ha, O&M cost $100/ha/year; medium: capital 
$4500/ha, O&M cost $125/ha/year; high: capital $6000/ha, O&M cost, $150/ha/year, and for large 
scale: Low: capital $5000/ha, O&M cost $20/ha/year; medium: capital $6500/ha, O&M cost 
$35/ha/year; high: capital $8000. 

 
Table 53 Crop Kc values 

 
Kc ini Kc mid Kc end Average 

Wheat 0.40 1.15 0.30 0.62 
Rice 0.50 1.25 0.75 0.83 
Maize 0.30 1.05 0.60 0.65 
Barley 0.30 1.15 0.25 0.57 
Pearl Millet 0.30 0.93 0.25 0.49 
Finger Millet 0.30 0.93 0.25 0.49 
Sorghum 0.30 0.93 0.25 0.49 
Potato 0.50 1.15 0.75 0.80 
Sweet Potato 0.50 1.15 0.65 0.77 
Yam 0.30 0.94 0.25 0.50 
Cassava 0.50 0.99 0.50 0.66 
Chickpeas 0.30 0.94 0.25 0.50 
Cowpea 0.40 1.05 0.50 0.65 
Pigeon Peas 0.30 0.94 0.25 0.50 
Dry Beans 0.40 1.15 0.35 0.63 
Soybeans 0.40 0.98 0.50 0.63 
Groundnuts 0.30 0.94 0.25 0.50 
Sunflower 0.35 1.10 0.35 0.60 
sesame seed 0.35 1.10 0.25 0.57 
Rapeseed 0.35 1.15 0.35 0.62 
Coconuts 1.00 1.05 1.05 1.03 
palm oil 0.95 1.00 1.00 0.98 
Sugar Beets 0.30 0.94 0.25 0.50 
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Sugarcane 0.40 1.25 0.75 0.80 
Cotton 0.30 1.20 0.35 0.62 
Other Fibres 0.30 0.94 0.25 0.50 
Tea 0.95 1.00 1.00 0.98 
Cocoa 1.00 1.05 1.05 1.03 
Tobacco 0.50 0.95 0.40 0.62 
Arabic coffee 0.90 0.95 0.95 0.93 
Robusta Coffee 0.90 0.95 0.95 0.93 
Banana/Plantain 0.50 1.10 1.00 0.87 
Tropical fruits 0.30 1.00 0.25 0.52 
Temperate fruits 0.25 0.94 0.25 0.48 
vegetables 0.50 1.20 0.80 0.83 
Source: FAO 2010 

B.2.4 Results of IFPRI Study 
 
The analysis of small-scale irrigation expansion shows that the potential for investment in small-scale 
projects ranges from 54,000 ha to about 141,000 hectares in Kenya, assuming high or low investment 
costs, a 5-year reinvestment cycle, a travel to market time of less than three hours, and a rate of return >12 
percent. The potential for small-scale irrigation is dependent upon the availability of surface-water runoff, 
on-farm investment costs, and market accessibility. Under baseline assumptions (on-farm investment cost 
of US$3000/ha and O&M costs of US$100/ha), profitable small-scale irrigation could take place on about 
140,715 hectares at a cost of US$1.1 billion.  If the investment cost is higher, for example, US$4,500 per 
hectare, the profitable area decreases to 73,715 hectares. Under a scenario of expensive farm irrigation 
system of US$6,000 per hectare, profitable small-scale irrigation expansion would be limited to 54,123 
hectares in Kenya (Table 54 and Figure 37). 
 
Table 54 Irrigation Potential in Kenya from small-scale irrigation 

Irrigation Cost 
Level Region Investment IRR 

Irrigated Area 
Increase Water Withdraw 

    (US$ million) (%) (ha) (m3/ha) 

 
COAST 22.3 32.0 2,926 1,910.7 

 
EASTERN 285.4 89.0 37,503 3,713.3 

Low NORTH EASTERN 0.3 93.0 38 3,719.6 
($3,000) RIFT VALLEY 399.8 12.0 52,533 3,905.6 

 
WESTERN 363.2 50.0 47,715 3,810.1 

  Kenya 1,071 
 

140,715 3,411.9 

 
COAST 9.4 24.0 832 1,993.6 

 
EASTERN 421.6 38.0 37,503 3,718.6 

Medium NORTH EASTERN 0.4 43.0 38 3,736.8 
($4,500) WESTERN 398.5 24.0 35,450 3,990.5 
  Kenya 829.9 

 
73,823 3,359.9 

 
COAST 8.6 13.0 579 2,001.0 

 
EASTERN 459.3 21.0 30,884 3,878.3 

High NORTH EASTERN 0.6 21.0 37 3,751.7 
($6,500) WESTERN 336.5 12.0 22,623 3,850.3 
  Kenya 805.1 

 
54,123 3,370.3 

Source: IFPRI Study 2011 
Assumption:  5-year investment cycle, discount rate of 12% of investment cost calculation 
 



ESW Report   June 30, 2011 

111 

 
The above finding highlights the importance of selecting cheap technologies. Levels of maintenance and 
farmer experience, as well as governance of small-scale systems matter as well. As noted by Kikuchi et 
al. (2005), the success of many of the irrigation projects in Africa is highly variable, and largely depends 
on the attentiveness of management to the operational efficacy of the scheme, as well as on overall 
governance. 
 
 Figure 37 Scale and profitability of small-scale irrigation schemes for IRR >12 percent 

 
 
For the dam-based investment analysis, at the low cost assumption of combining an initial irrigation 
investment cost of US$5,000/ha and an O&M costs of US$20/ha/year, 58 dams among the 73 total are 
profitable (IRR > 0). At a high cost of US$8,000/ha, the number is 52. If the IRR cutoff value is raised to 
12 percent, 32 dams are economically feasible (Table 55). This is less than half of 73 dams we evaluated.  
At an even higher IRR value of 36 percent, only about ten dams are feasible for benefit-cost point of view 
(Figure 38).  The estimated irrigation potential for large-scale schemes in Kenya ranges from 435,410 – 
585,319 ha for IRR more than 12 percent (Table 55, Table 56, Table 57). It is to be noted that investment 
cost of the storage dams were not considered in this analysis or other benefits (hydropower, domestic 
water supply, and industrial water supply) from those dams. 
 
Figure 38 Profitable dams and IRR 
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Table 55 Potential area expansion and return for Large Scale Irrigation with IRR > 12% for Low Investment Scenario 

Basin River Dam 
Dam 
Code Yield 

Increase in 
Irrigation Area 

Water 
Demand 

Investment 
Expenditure(US$ million) Internal Rate of Return(%) 

    

(million 
m3) (ha) 

(million 
m3) 

Low 
cost 

medium 
cost High cost 

Low 
cost 

medium 
cost High cost 

Rift Valley Arror Sererwa 109 16 1,283 16 4.2 5.5 6.8 12.15 9.28 7.33 
             
 

Nairobi Kikuyu 143 22 1,524 22 5.0 6.5 8.1 65.12 56.28 49.76 
Athi River Ruaka Ruiru A 144 53 3,685 53 12.0 15.8 19.5 61.45 52.88 46.58 

 
Kiteta Kiteta 153 3 290 3 0.9 1.2 1.5 12.17 9.30 7.34 

 Total (ha) 
    

5,499 78 
      Tana River Thika Thiba 196 54 8,540 54 27.9 36.6 45.3 21.03 16.75 13.85 

Total (ha) 
    

8,540 54 
      

 
Kibos Kibos 58 60 7,222 60 23.6 30.9 38.3 32.53 26.68 22.59 

 
Chemosit Chemosit 61 11 1,531 11 5.0 6.6 8.1 48.99 41.44 35.97 

 
Itare Chemelet 62 281 7,478 49 24.4 32.0 39.7 22.40 17.92 14.86 

 
Sisei Sisei 68 117 18,120 117 59.2 77.6 96.1 14.39 11.16 8.98 

 
Kipsonoi Orokiet 70 226 31,334 226 102.4 134.3 166.2 11.93 9.10 7.17 

 
Kipsonoi Sotik 73 169 24,076 169 78.7 103.2 127.7 12.53 9.60 7.61 

Lake Kuja Bunyunyu 75 19 2,425 19 7.9 10.4 12.9 77.60 67.91 60.71 
Victoria Moiben Chebororwa 6 98 15,237 98 49.8 65.3 80.8 16.35 12.81 10.41 

 
Nzoia Maji Mazuri 11 171 8,334 54 27.2 35.7 44.2 15.88 12.42 10.07 

 
Noigameget Noigameget 12 122 19,159 122 62.6 82.1 101.6 13.94 10.78 8.65 

 
Noigameget Longleat 13 52 7,953 52 26.0 34.1 42.2 19.69 15.62 12.86 

 
Nzoia Hemsted's Brg. 14 574 28,098 191 91.8 120.4 149.0 50.56 42.87 37.28 

 
Koitobu Naisabu 16 110 16,110 110 52.6 69.0 85.4 19.71 15.64 12.87 

 
Nzoia Rongai 17 772 105,582 772 344.9 452.4 559.9 42.00 35.11 30.18 

 
Endoroto Endoroto 21 5 820 5 2.7 3.5 4.3 41.49 34.65 29.76 

 
Sosiani Kiboro 22 91 13,009 91 42.5 55.7 69.0 35.81 29.57 25.18 

 
Nureri Nureri 25 55 8,222 55 26.9 35.2 43.6 23.64 18.97 15.78 

 
Kipkaren Kormanet 26 110 15,880 110 51.9 68.0 84.2 32.51 26.66 22.57 

 
Nzoia Lugari 27 1,362 47,922 349 156.6 205.3 254.1 40.88 34.10 29.26 

 
Isiukhu Mukulusi 30 178 22,026 178 72.0 94.4 116.8 78.52 68.77 61.52 

 
Isiukhu Shibei 31 65 7,609 65 24.9 32.6 40.3 92.75 82.12 74.17 

 
Kingwal/Yala Kosirai 35 78 10,792 78 35.3 46.2 57.2 36.90 30.54 26.05 

 
Kaboen Kabongwa 36 15 1,927 15 6.3 8.3 10.2 51.76 43.96 38.29 
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Yala Nandi Forest 38 874 18,853 143 61.6 80.8 100.0 18.85 14.91 12.24 

 
Yala Shikondi 39 463 52,397 463 171.2 224.5 277.9 65.96 57.06 50.49 

 
Yala Mushangumbo 40 622 69,554 622 227.2 298.0 368.8 54.69 46.65 40.78 

  Nyando Awasi 53 255 32,076 255 104.8 137.4 170.1 12.19 9.32 7.36 
Total L. Victoria 

    
569,997 4,479 

      Total  
    

585,319 4,611 
      Notes: 

1. There are also other potential in Tana River and Ewaso Ngiro North River if IRR is reduced as a result of adjustment of some of the assumptions. 
2. The following are the three levels of irrigation cost: 

 
Capital O&M (per year) 

 
(US$/ha) (US$/ha/year) 

Low cost 5000 20 
Medium cost 6500 35 
High cost 8000 50 
Source: IFPRI Study 2011 
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Table 56 Potential area expansion and return for Large Scale Irrigation with IRR > 12% for Medium Investment Scenario. 

Basin River Dam 
Dam 
Code Yield 

Increase in 
Irrigation Area 

Water 
Demand 

Investment Expenditure(US$ 
million) Internal Rate of Return(%) 

    

(million 
m3) (ha) 

(million 
m3) 

Low 
cost 

medium 
cost High cost 

Low 
cost 

medium 
cost High cost 

             
 

Nairobi Kikuyu 143 22 1,524 22 5.0 6.5 8.1 65.12 56.28 49.76 
Athi River Ruaka Ruiru A 144 53 3,685 53 12.0 15.8 19.5 61.45 52.88 46.58 
 Total (ha) 

    
5,209 75 

      Tana River Thika Thiba 196 54 8,540 54 27.9 36.6 45.3 21.03 16.75 13.85 
Total (ha) 

    
8,540 54 

      
 

Kibos Kibos 58 60 7,222 60 23.6 30.9 38.3 32.53 26.68 22.59 

 
Chemosit Chemosit 61 11 1,531 11 5.0 6.6 8.1 48.99 41.44 35.97 

 
Itare Chemelet 62 281 7,478 49 24.4 32.0 39.7 22.40 17.92 14.86 

Lake Kuja Bunyunyu 75 19 2,425 19 7.9 10.4 12.9 77.60 67.91 60.71 
Victoria Moiben Chebororwa 6 98 15,237 98 49.8 65.3 80.8 16.35 12.81 10.41 

 
Nzoia Maji Mazuri 11 171 8,334 54 27.2 35.7 44.2 15.88 12.42 10.07 

 
Noigameget Longleat 13 52 7,953 52 26.0 34.1 42.2 19.69 15.62 12.86 

 
Nzoia Hemsted's Brg. 14 574 28,098 191 91.8 120.4 149.0 50.56 42.87 37.28 

 
Koitobu Naisabu 16 110 16,110 110 52.6 69.0 85.4 19.71 15.64 12.87 

 
Nzoia Rongai 17 772 105,582 772 344.9 452.4 559.9 42.00 35.11 30.18 

 
Endoroto Endoroto 21 5 820 5 2.7 3.5 4.3 41.49 34.65 29.76 

 
Sosiani Kiboro 22 91 13,009 91 42.5 55.7 69.0 35.81 29.57 25.18 

 
Nureri Nureri 25 55 8,222 55 26.9 35.2 43.6 23.64 18.97 15.78 

 
Kipkaren Kormanet 26 110 15,880 110 51.9 68.0 84.2 32.51 26.66 22.57 

 
Nzoia Lugari 27 1,362 47,922 349 156.6 205.3 254.1 40.88 34.10 29.26 

 
Isiukhu Mukulusi 30 178 22,026 178 72.0 94.4 116.8 78.52 68.77 61.52 

 
Isiukhu Shibei 31 65 7,609 65 24.9 32.6 40.3 92.75 82.12 74.17 

 
Kingwal/Yala Kosirai 35 78 10,792 78 35.3 46.2 57.2 36.90 30.54 26.05 

 
Kaboen Kabongwa 36 15 1,927 15 6.3 8.3 10.2 51.76 43.96 38.29 

 
Yala Nandi Forest 38 874 18,853 143 61.6 80.8 100.0 18.85 14.91 12.24 

 
Yala Shikondi 39 463 52,397 463 171.2 224.5 277.9 65.96 57.06 50.49 

 
Yala Mushangumbo 40 622 69,554 622 227.2 298.0 368.8 54.69 46.65 40.78 

Total L. Victoria 
    

446,515 3,574 
      Total  

    
460,264 3,703 

      Note: There are also other potential in Tana River and Ewaso Ngiro North River if IRR is reduced as a result of adjustment of some of the assumptions. 
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Table 57 Potential area expansion and return for Large Scale Irrigation with IRR > 12% for High Investment Scenario 

Basin River Dam 
Dam 
Code Yield 

Increase in 
Irrigation Area 

Water 
Demand 

Investment Expenditure(US$ 
million) Internal Rate of Return(%) 

    

(million 
m3) (ha) 

(million 
m3) 

Low 
cost 

medium 
cost High cost 

Low 
cost 

medium 
cost High cost 

             
 

Nairobi Kikuyu 143 22 1,524 22 5.0 6.5 8.1 65.12 56.28 49.76 
Athi River Ruaka Ruiru A 144 53 3,685 53 12.0 15.8 19.5 61.45 52.88 46.58 
 Total (ha) 

    
5,209 75 

      Tana River Thika Thiba 196 54 8,540 54 27.9 36.6 45.3 21.03 16.75 13.85 
Total (ha) 

    
8,540 54 

      
 

Kibos Kibos 58 60 7,222 60 23.6 30.9 38.3 32.53 26.68 22.59 

 
Chemosit Chemosit 61 11 1,531 11 5.0 6.6 8.1 48.99 41.44 35.97 

 
Itare Chemelet 62 281 7,478 49 24.4 32.0 39.7 22.40 17.92 14.86 

Lake  Kuja Bunyunyu 75 19 2,425 19 7.9 10.4 12.9 77.60 67.91 60.71 
Victoria Noigameget Longleat 13 52 7,953 52 26.0 34.1 42.2 19.69 15.62 12.86 

 
Nzoia Hemsted's Brg. 14 574 28,098 191 91.8 120.4 149.0 50.56 42.87 37.28 

 
Koitobu Naisabu 16 110 16,110 110 52.6 69.0 85.4 19.71 15.64 12.87 

 
Nzoia Rongai 17 772 105,582 772 344.9 452.4 559.9 42.00 35.11 30.18 

 
Endoroto Endoroto 21 5 820 5 2.7 3.5 4.3 41.49 34.65 29.76 

 
Sosiani Kiboro 22 91 13,009 91 42.5 55.7 69.0 35.81 29.57 25.18 

 
Nureri Nureri 25 55 8,222 55 26.9 35.2 43.6 23.64 18.97 15.78 

 
Kipkaren Kormanet 26 110 15,880 110 51.9 68.0 84.2 32.51 26.66 22.57 

 
Nzoia Lugari 27 1,362 47,922 349 156.6 205.3 254.1 40.88 34.10 29.26 

 
Isiukhu Mukulusi 30 178 22,026 178 72.0 94.4 116.8 78.52 68.77 61.52 

 
Isiukhu Shibei 31 65 7,609 65 24.9 32.6 40.3 92.75 82.12 74.17 

 
Kingwal/Yala Kosirai 35 78 10,792 78 35.3 46.2 57.2 36.90 30.54 26.05 

 
Kaboen Kabongwa 36 15 1,927 15 6.3 8.3 10.2 51.76 43.96 38.29 

 
Yala Nandi Forest 38 874 18,853 143 61.6 80.8 100.0 18.85 14.91 12.24 

 
Yala Shikondi 39 463 52,397 463 171.2 224.5 277.9 65.96 57.06 50.49 

 
Yala Mushangumbo 40 622 69,554 622 227.2 298.0 368.8 54.69 46.65 40.78 

Total L. Victoria 
    

421,661 3,590 
      Total  

    
435,410 3,719 

      Note: There are also other potential in Tana River and Ewaso Ngiro North River if IRR is reduced as a result of adjustment of some of the assumptions. 
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B.3 Irrigation Water Demand (Based on IFPRI Study) 

B.3.1 Current Irrigation Water Demand 
The current total water demand for the area developed for irrigation are estimated by MWI based on a per 
hectare water demand as 61m3/d (NWMP1992), and 210 days of irrigation under a double cropping 
system which is translated into 12,810 m3/ha/year or 6.1 mm/day (average).  Assuming that the present 
irrigated area is about 123,200 ha, the total water demand should be about 2.36 BCM.  However, the 
reported irrigation water use is higher than this and it amounts to 2.84 BCM, mainly because of the low 
irrigation efficiency which may be as low 30 percent and because of the unaccounted water use even in 
the National Irrigation Schemes. In this Annex, the figure 2.84 BCM will be used since it was provided 
by MWI and since it provides data by sub-basin which can be used in water balance for the present uses 
for those sub-basins. 

B.3.2 Future Irrigation Water Demand 
A more precise water demand estimate was conducted as part of the IFPRI study (February 2011), and 
which critically involve data on climate (rainfall, evaporation), crop types and irrigation efficiencies. 
Annual irrigation water demand per catchment for small-scale irrigation and large-scale irrigation for 
different levels of investment is summarized in Table 58 below: 
 
Table 58 Future Irrigation Water Demand (BCM) – Based on IFPRI Study 

Irrigated Area Low investment cost 
Area (ha)           Demand     

Medium investment cost 
Area (ha)          Demand 

High investment cost 
Area (ha)      Demand 

Small-scale irrigation 140,715 0.48   73,823 0.25  54,123 0.18 
Large-scale irrigation 585,319 4.60 460,515 3.70 435,410 3.50 
Total 726,034 5.08 534,338 3.95 489,533 3.68 
 
In this study, future water demand for irrigation can be obtained by projecting three proposed growth 
scenarios for irrigation sector development: (1) growth at the average rate observed during the last 15 
years, i.e. 2 percent per annum (from 1995-2009), referred to herewith as the “base case”, (2) growth at 
3.5 percent per annum, referred to as “medium-case”, and (3) expansion of irrigated area by 5 percent per 
year, referred to as “high-case” (Figure 38 and Table 59). While the base case and medium case scenarios 
might be more realistic for national planning and budgeting, the location (and sub-catchment!!) specific 
growth of irrigation is very difficult to predict.  The water demand was then estimated for the three 
scenarios of investment as used in IFPRI Study (Low, Medium and High investment) using pro-rating 
demand, as estimated by IFPRI for small-scale area VS large-scale area and assuming annual increase in 
at that demand as 1.8 percent per year as result of decreased efficiency due to system aging.  The results 
for irrigated area and water demand until 2050 assuming the present use is 2.84 BCM are shown in Figure 
39 and Table 59.  
 
Table 59 Projected Irrigation Demand (2010-2050) 

Year Base-case Medium-case High-case 
Area (ha) Demand 

(BCM) 
Area (ha) Demand 

(BCM) 
Area (ha) Demand 

(BCM) 
2010 123,200 2.84 123,200 2.84 123,200 2.84 
2015 136,023 2.92 146,323 3.13 157,238 3.27 
2020 150,180 3.00 173,786 3.48 200,680 3.81 
2025 165,811 3.10 206,406 3.89 256,124 4.51 
2030 183,069 3.20 245,142 4.37 326,886 5.40 
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2035 202,123 3.31 291,152 4.95 417,199 6.54 
2040 223,160 3.44 345,797 5.64 532,463 7.99 
2045 246,386 3.58 410,698 6.46 679,573 9.84 
2050 271,030 3.73 487,781 7.43 867,327 12.20 
 
Figure 39 Projected Potential Irrigated Areas 

 
 
Figure 40 Projected Irrigation Water Demand (2010-2050) 

 
 
While there is considerable scope for the expansion of both dam-based and small-scale irrigation in 
Kenya, investment decisions depend seldom on biophysical and economic criteria alone. Government 
policy objectives, donor suggestions, and other factors not related to irrigation and agriculture, ranging 
from plans for energy security, urban water supply, to rural development and income generation, and 
national food security goals all play a role in the final policy decision to expand irrigation.  Institutional 
settings, extension and management systems, availability of complementary inputs, and the involvement 
of farmers in the design and management of irrigation systems will also influence final system 
performance. 
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B.3.3 Irrigation Potential for Selected 31 Dams 
 
The World Bank Team investigated further the irrigation potential in Kenya using storage of water for the 
proposed dams in Kenya, as defined by JICA Study of 1992 and the list provided by MWI, to determine 
the priority of investment in those dams based on priority of water allocation and economic consideration.  
The conclusion was that there only 7 dams which could have an economic irrigation potential.  These 
dams are shown in Table 60.  The total potential irrigated area under those dams would about 160,652 ha. 
 
Table 60 Dams with irrigation potential  

Dam 
No. 

Name of Dam  Allocated Amount 
for Irrigation 
MCM/yr 

Irrigation Potential 
Demand 
MCM/yr 

Potential Irrigated Area (ha)  
(Allocated amount/8,573 
m3/ha/year) 

14 Hemsted's Brg. 191.16 191.16 22,297 
16 Naisabu 109.67 109.67 12,791 
22 Kiboro 90.621 90.621 10,570 
27 Lugari 349.459 349.459 40,762 
40 Mushangumbo 539.880 622.046 62,974 
144 Ruiru A 000.730 53.251        85 
196 Thiba 010.060 53.894   1,173 
Total  1,434,883 1,613,404 160,652 
 
It is to be noted that some of the proposed dam sites were disregarded (please see Box-1 below which 
discusses the cases of Southern Lake Victoria and Tana Tiver Basin) based on the results of the 
Optimization Model that was used by IFPRI, which is again based on certain assumptions.  If these 
assumptions are relaxed, more potential irrigated areas can be added to the above figure. 
 

 
 

B.3.4 Potential for Drainage Development 
 
Drainage of agricultural land is carried out for two main purposes: to remove excess salts and to remove 
excess water.  The analysis that was carried out under the Irrigation and Drainage Master Plan, 2009 
showed that the drainage potential is 250,000 hectares of which 35,000 hectares have been developed. 
The primary objective of such land drainage projects is to make agricultural land more productive through 
the removal of excess water and reduce soil salinity.  

Box 3. Analysis of dam-based irrigation potential: The Southern Victoria and Tana River Basins  
 
Southern Victoria Lake area.  Some of the proposed dams in that area turned to be not profitable because that area 
has a lot of rainfall and the benefit from stored irrigation water is limited.  An example is Magwagwa Dam that has 
an average IRR of 4.19 percent, because the estimated net return is US$ 11.41 million, while the needed investment 
is in irrigation system alone is estimated at US$163.3 million without the cost of the dam itself.  Other proposed 
dams have the same situation. 
 
Tana River Basin.  Most of the proposed dams in that area turned to be not profitable because that area has high 
water demand because of the climatic conditions there, which means a reduced potential for irrigation, also it has to 
do with crop mix there that was optimized by IFPRI Model and resulted in low IRR. An example is Kiketani Dam 
on Thika River which has a potential irrigated area of 41,989 ha but with an average IRR of 3.5 percent, because the 
estimated net returns is US$ 5.6 million, while the needed investment is in irrigation system alone is estimated at 
US$ 179.9 million without the cost of the dam itself.  Other proposed dams have the same situation. 
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B.3.5 Rehabilitation of Existing Irrigation and Drainage Systems 
 
The Irrigation and Drainage Master Plan of 2009 suggests rehabilitation of existing irrigation and 
drainage systems at a rate of 8,000 ha per year.  While rehabilitation of the existing systems should be the 
preferred option for future development, because of the more economic benefits that would be generated 
from this rehabilitation and the lower investment needed, the rate of development of 8,000 ha would 
depend on many factors mainly availability of investment and implementation capacity of the concerned 
institutions.  

B.3.6 Flagship projects under Vision 2030 
 
The overall objective of the Irrigation and Drainage Master Plan, 2009 is to identify and map out the 
irrigation and drainage potential and formulate irrigation and drainage sector master plan to guide and 
facilitate quick development the potential in line with the Country’s Vision 2030.  Vision 2030 recognizes 
the critical role that irrigation and drainage is expected to play and states that “to promote agricultural 
productivity, the area under irrigation and drainage will increase from 140,000 to 300,000 hectares.” 
Irrigation and drainage development is expected to contribute in the attainment of Vision 2030 through.  
However, there many constraints which would not allow the highest target of expanding irrigation and 
drainage by 300,000 ha by 3030.  These main constraints are securing financing for this expansion and 
implementation capacity of the sector and its ability to implement 32,000 ha per year of new irrigation 
and drainage and rehabilitate 8.000 ha per year as indicated in the Irrigation and Drainage Master Plan of 
2030.  A more modest rate of expansion is more realistic as shown in the above table, under the base-case 
scenario.  In addition, the priority in storage construction should be to meet the increasing domestic water 
supply, livestock tourism and industry, then irrigation, which means that most investment should go first 
for storage to meet domestic water supply and not irrigation. 

B.3.7 Needed Investment for Future Irrigation Development 
 
Assuming an average of US$ 6,500 cost per hectare for future irrigation development and based on the 
above assumptions of future irrigated area, total investment needed is shown in Table 61 below.   It is to 
be noted that these investments are required for both small-scale irrigation and large scale irrigation.  The 
required yearly budget that is needed for the large-scale irrigation for the first ten year would be about 
US$10 million, 20 million and 30 million for the base-case, medium-case and high-case respectively.  It 
is to be noted that this investment does not include the needed investment for those dams associated with 
the expansion of irrigation areas.   
 
Table 61 Needed Investment in Irrigation 

 Potential Irrigated Area (ha) Investment (Million US$) 
Year Base-case Medium-case High-case Base-case Medium-case High-case 
2020 150,180 173,786 200,680 175 329 504 
2030 183,069 245,142 326,886 214 464 820 
2040 223,160 345,797 532,463 261 654 1,336 
2050 272,030 487,781 867,327 318 923 2,177 
 

B.3.8 Groundwater 
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Groundwater potential is estimated of about 0.63 BCM.  The contributions are 22, 24, 21, 14 and 19 
percent for Ewaso Ng’iro North, Tana, Rift Valley, Athi and Lake Victoria respectively (see Table 62 
below).  Approximately 50 percent of the sub-basins yield less than 2000 m3/day and only 25 percent 
have a yield higher than 8000 m3 / day (MWI 2009c). 
 
Table 62 Groundwater resources availability by catchment 

Basin Groundwater 
(BCM/yr) 

Percentage 

Lake Victoria 0.12 19 
Rift Valley 0.13 21 
Athi 0.09 14 
Tana 0.15 24 
Ewaso Ngiro 0.14 22 
Total 0.63 100 

Source: MoWI 2009c 
 
In 2009, it was estimated that of the 1.04 BCM per year considered “safe” groundwater yield, only 0.18 
BCM/yr was used or 17.3 percent of the estimated safe yield.  Most of the groundwater is extensively 
used by industry, especially in Nairobi, Nakuru and Thika domestic and some is used for water supply, 
while groundwater irrigation is limited to small localized areas in North Eastern Kenya.  MoWI (2009b) 
states that only 5 percent of water used in irrigation is groundwater, in localized areas in north eastern 
Kenya; this may be an under-estimate, given the reliance on groundwater by private sector irrigators in 
Central, Rift Valley and Eastern Provinces.  The irrigation master plan acknowledges that future growth 
will include private sector-driven groundwater-based irrigation, because of the high capital cost of surface 
water storage; it calculates that 0.2 BCM per year of groundwater could be allocated to irrigation.  Also, 
the IWRMS & WE Plan states, “Although groundwater exploitation has considerable potential for 
boosting water supplies in Kenya, its use is limited by poor water quality, over exploitation, saline 
intrusion along the Coastal areas and inadequate knowledge of the occurrence of the resource”. 
 
Although as indicated above, there is a good potential for expansion of the use of groundwater including 
irrigation, most of the groundwater potential should be preserved and used for domestic water supply and 
any use for irrigation should be implemented with careful consideration of the domestic water needs and 
water quality.   However, use of groundwater for development potential in ASAL area can be posted if 
some possible water harvesting techniques, water saving measures and aquifer recharge implemented in 
those areas may provide some additional exploitable groundwater which can be used for irrigation in 
ASAL areas. 
 
Overall, groundwater management is weak and characterized by a lack of strategic focus and limited 
resources; there is a far greater emphasis on surface water resources, both in terms of professional staff 
availability and funding. There is a limited understanding of how groundwater management offers 
potentially substantial gains in adapting to climate change and in meeting Millennium Development 
Goals and Kenya’s Vision 2030 (Kenya Groundwater Governance Case Study, November 2010). 
The above study outlined the major requirements for improved groundwater governance in Kenya as 
follows:  
• Integrating groundwater management into policy and planning; 
• Improving our knowledge of Kenya’s aquifers by improving both institutional and human resources; 
• Improving monitoring networks across Kenya’s aquifers; 
• Improving data collection, management and dissemination; 
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• Enhancing active involvement by groundwater users in aquifer management; 
• Increasing the financial resources dedicated to groundwater management processes, in particular by 

ring-fencing groundwater-related revenue and ploughing this back into groundwater management;
 and 

• More strident public support for groundwater resources management at both ministry and political 
levels. 

 

B.3.9 Challenges and Constraints 
 
The major obstacle facing development of irrigation schemes is the mounting cost of implementing such 
projects. Forty-seven percent of Kenya’s total agricultural output is supported by small scale farms with 
land less than one hectare. Most farmers do not have the capital to implement gravity-led nor pump-fed 
irrigation canals. Due to the insufficient amount of investment in irrigation, the amount of irrigated land 
has remained stagnant for the past 30 years (Ngigi and Minot 2004). In light of these challenges, 
involving the right investment and implementing the right conservation plan can help resolve the 
difficulties and set Kenya on its path to fulfilling its Vision 2030 (Mwarasomba,Ndegwa and Nyang’wara 
2006, NIB 2008). Other issues facing expansion and development of irrigation include the following: 

• Weak water management 
• Weak Institutions 
• Poor and dilapidated infrastructure 
• Low efficiency 
• Weak users participation 
• Weak implementation capacity 
• Weak agricultural support and limited market accessibility 
• Insecure land tenure 

 

B.4 Conclusions and recommendations 

While there is a considerable scope for the expansion of both dam-based and small-scale irrigation as well 
groundwater irrigation in Kenya, investment decisions depend seldom on biophysical and economic 
criteria alone. Government policy objectives, donor suggestions, and other factors not related to irrigation 
and agriculture, ranging from plans for energy security, urban water supply, to rural development and 
income generation, and national food security goals all play a role in the final policy decision to expand 
irrigation.  Institutional settings, extension and management systems, availability of complementary 
inputs, and the involvement of farmers in the design and management of irrigation systems will also 
influence final system performance. 
 
It is also important to note that the potential for expanding irrigation, for small-scale and large-scale 
irrigation, as was identified by IFPRI study is based on certain criterion and assumptions among them the 
economic considerations and having IRR more than 12 percent, market accessibility, distant to market, 
distance from the source of water (in case of storage, it is the location of the dam) from the potential 
irrigable area.   Accordingly, most high potential irrigation areas were identified to be within Lake 
Victoria, Athi river and upstream of Tana River, instead of ASAL, covering Ewaso Ng’iro and Rift 
Valley.  If the criterion used I IFPRI Study have been relaxed, more potential can be sited for some 
basins/sub-basin such as:  downstream Tana and some ASAL areas were some potential irrigable areas 
can be found and their viability can be further checked. 
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It also to be noted that according to IFPRI Study, there is very limited irrigation development potential in 
ASAL areas. This is partly because the IFPRI did not look into groundwater development potential.  
However, some groundwater irrigation potential can be identified, since the total save yield in Kenya was 
estimated about1.04 BCM of which only 0.18 BCM is already being used. It is to be noted that the use of 
groundwater for development potential in ASAL area can be posted if some possible water harvesting 
techniques, water saving measures and aquifer recharge implemented in those areas may provide some 
additional exploitable groundwater which can be used for irrigation in ASAL areas. 
 
Finally, and based on the above analysis, it clear that there is a good viable irrigation potential in Kenya.  
If we add the irrigation potential for small-scale systems (54,000 to 141,000 ha) to the irrigation potential 
of the large-scale systems (100,000 ha) and the groundwater potential, a considerable area can be brought 
under irrigation in future.  If the reclaimed drainage areas are added to this, then Kenya can have a good 
potential to meet its 2030 Vision. 
 
It should be noted, however, that the major challenge for Kenya in the development of irrigation schemes 
is the mounting cost of implementing such projects. Forty-seven percent of Kenya’s total agricultural 
output is supported by small scale farms with land area of less than one hectare, and most farmers do not 
have the capital to implement gravity-led nor pump-fed irrigation canals.  Insufficient investment in 
irrigation is the main reason for low irrigation development in the past 30 years.  Increased attention to 
these issues will move Kenya towards its development goals under Vision 2030.   Other issues and 
constraints that face expansion of irrigation in Kenya were been mentioned in the above paragraph. 
 
It is clear that Kenya has a big potential for expansion in irrigation in order to achieve and fulfill Kenya’s 
Vision 2030, it is imperative that the following pre-requisites be in place:  
 

• Securing financing for new public schemes including storage and rehabilitation and improvement 
of existing irrigation schemes,  

• Providing the right environment for the small-scale farmers and the private sector including 
access to credit, technical assistance, marketing access and institutional support, 

• Strengthening the MWI capacity in water resources management and its capacity in the planning, 
design and implementation of irrigation schemes and strengthen its capacity to provide the 
needed technical support to small farmers, and 

• Strengthen the MWI capacity in the participatory irrigation management (PIM) and support the 
users in organizing themselves into water users associations. 
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ANNEX C WATER RESOURCES ASSESSMENT, RESERVOIR YIELD, 
AND CLIMATE CHANGE  

C.1 Approach  

The objective of this project was to conduct a rapid assessment of the water resource development 
potential in Kenya.  In particular, attention focused on the development of surface water storage to 
increase water supply reliability.  The effects of climate change and sedimentation on the reliability and 
sustainability of developed surface water resources was taken into account.  
 
The rapid analysis was conducted by making use of a statistical method to establish the relationship 
between draft (the amount of water desired from a river and reservoir, also referred to as yield), reservoir 
volume and reliability of water supply.  The approach that was followed in the water supply analysis is 
known as the Gould-Dincer approach, which is outlined in a paper by McMahon et al. (2007)7

 

.  This 
method succinctly relates storage, reservoir yield and reliability, which makes it very useful for rapid 
assessment of water resource infrastructure development.  

McMahon et al. (2007) assessed the robustness of this method by comparing results obtained from this 
method with those obtained from more conventional analysis techniques, such as the Extended Deficit, 
Sequent Peak and Behavior Analysis techniques, and found good correlations. It is concluded that this 
method is suitable for rapid analysis of water resources.   
 
The Gould-Dincer approach consists of a statistical equation relating dimensionless storage, 
dimensionless draft (yield), the coefficient of variation of annual stream flow and the standardized variate 
(which is used to specify the level of reliability):  
 

 

2 2

1
4
p vz C

D
τ
⋅

= −
⋅  (1) 

 

Where D = dimensionless draft, i.e. annual draft (yield)/mean annual river flow; pz = standardized 

deviate; vC = coefficient of variation, i.e. the standard deviation of annual flow divided by the mean 
annual flow; τ = dimensionless reservoir storage, i.e. reservoir storage volume divided by the mean 
annual river flow.  
 

The value of pz is dependent on the assumed probability distribution characterizing the annual flows at a 
particular location. McMahon et al. (2007) found that the Gamma probability distribution provide very 
good results using the international database applied in their assessment.  By assuming that the flows are 
Gamma distributed, which is deemed a reasonable assumption, the value of the standardize deviate is 
replaced by:  

                                                      
7 McMahon, T., Pegram, G.S.S., Vogel, R.M., Peel, M.C. 2007. Review of Gould-Dincer Reservoir Storage-Yield-Reliability Estimates, Advances in Water 

Resources, 30, pp. 1873-1882.  
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3
' 2 1 1

6 6p pz zγ γ
γ

   = ⋅ + ⋅ − −         (2) 

Where γ = skewness of the data; pz = standardized normal deviate.  
 
 
Statistical Parameters  
 
Based on Equations (1) and (2) it is concluded that three statistical parameters are required to conduct the 
analyses, i.e. the annual mean flow, the annual coefficient of variation and the skewness of the annual 
data. The 1992 JICA report contains an estimate of the mean annual flow at each of the dam sites 
identified, but does not contain the coefficient of variation and skewness.  The approach that was 
therefore followed to estimate the coefficient of variation and skewness at each JICA proposed dam site 
was to calculate these values for selected gauging station data provided by MWI, Kenya.   
 
The preferred gauging stations used for the analysis were selected by preparing cumulative mass curves 
for each site and rejecting those having non-uniform characteristics. The calculated coefficient of 
variation and skewness values were then plotted spatially on a map of Kenya and an indication of their 
spatial distribution was determined by making use of the Kriging technique.  Values of the coefficient of 
variation and skewness were then assigned to each proposed dam site by plotting the sites on the same 
maps.  Examples of the map showing the estimated distribution of the coefficient of variation and the 
skewness of annual flow data are shown in Figure 41. The maps also show the location of the proposed 
1992 JICA dams and existing large dams in Kenya.  
 
Figure 41 Estimated spatial distribution of the coefficient of variation and skewness of annual river flow in 
Kenya 
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Evaporation and Sedimentation  
 
The losses due to evaporation at all the dam sites are not known because the information pertaining to the 
water surface area exposed to the atmosphere at each dam site is unknown at this point in time.  This 
information was only available at 24 dam sites finally selected by JICA. The approach that was followed 
to estimate the possible evaporation losses at the other dams was to estimate the evaporation loss at the 
dams that had known surface areas at maximum water surface elevation and then make assumptions as to 
how much water could evaporate from the other reservoirs. Figure 42 shows a relationship between 
reservoir volume and evaporation (expressed as a percent of the reservoir volume).  The curve fitted 
through the data has a very low correlation coefficient.  It was therefore decided not to use that curve, but 
to rather make an allowance for evaporation by subtracting 1% of the reservoir volume at each reservoir 
to estimate its effect on active storage volume.  
 
Figure 42  Estimated relationship between reservoir volume and percent additional volume required to allow 
for evaporation losses 

 
 
The analyses were conducted by making use of the reservoir volumes that were calculated by JICA 
(1992) for the various identified sites. In particular, the reservoir volume that was used was the volume 
that would exist after 50 years of sedimentation (also identified as the active storage volume). Using the 
mean annual flows from the JICA (1992) report, and the coefficients of variation and skewness that were 
estimated during this study, it was possible to calculate the 80%, 90% and 95% yield for these reservoirs. 
The net yield of the reservoirs were calculated by subtracting the 95% exceedance probability flow of the 
relevant river (in the absence of the dam) as representing the required environmental flow from the gross 
yield estimates for the dams (Table 63). The dams associated with sedimentation that entirely filled the 
reservoirs in 50 years were deemed not sustainable.  
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Table 63 Environmental flow and net yield from sustainable reservoirs identified from the JICA 1992 list of 
dams  

 Environmental Flow Net Yield = Gross Yield - Env Flow (MCM) 

Name of Dam 95% Yield (no dam, for 
env allocation) (MCM) 

80% Reliability 
with Dam 

90% Reliability 
with Dam 

95% Reliability 
with Dam 

Mutonga 1667 1393 576 0 
Kora 7022 5542 2241 0 
Bomet 110 107 45 0 
Chemosit 4 8 8 8 
Mukulusi 119 58 20 0 
Adamson Falls 1583 1402 497 0 
Kormanet 66 44 13 0 
Kapkimolwa 77 75 32 0 
Rambula 1385 637 263 0 
Noigameget 52 71 42 15 
Koiwa 111 89 38 0 
Sotik 97 72 31 0 
Low Grand Falls  1525 2293 1514 853 
Lokori 162 155 64 0 
Naisabu 41 69 66 63 
Shikondi 210 253 169 95 
Baricho 418 657 605 557 
Mushangumbo 297 325 263 208 
Usueni 1633 1262 513 0 
Tsavo 42 62 44 27 
Sisei 50 67 46 25 
Upper Athi 13 46 36 27 
Maji Mazuri 99 71 30 0 
Nanba Kodero 158 292 259 227 
Kamukuny 233 285 274 266 
Chemelet 161 120 50 0 
Shibei 45 20 8 0 
Munyu 102 564 506 451 
Orokiet 93 133 102 71 
Mara Bridge 330 454 229 20 
Karapolo 329 377 120 0 
High Grand Falls 1525 3090 2917 2771 
Lugari 720 642 421 229 
Magwagwa 507 824 745 669 
Katieno 158 337 330 323 
Kerio A 96 116 112 110 
Kosirai 31 47 46 45 
Nandi Forest 384 490 437 391 
Kabongwa 6 9 9 9 
Yatta 1 155 142 60 0 
Rongai 377 394 356 323 
Oldorko 174 564 501 450 
Longleat 18 34 31 29 
Yatta 284 554 466 383 
Kibos 25 35 30 25 
Endoroto 4 1 0 0 
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 Environmental Flow Net Yield = Gross Yield - Env Flow (MCM) 

Name of Dam 95% Yield (no dam, for 
env allocation) (MCM) 

80% Reliability 
with Dam 

90% Reliability 
with Dam 

95% Reliability 
with Dam 

Gongo 315 356 238 128 
Hemsted's Brg. 249 325 252 189 
Nyamangara 10 31 13 0 
Chebororwa 52 46 19 0 
Milgis 142 211 201 193 
Kiketani 114 233 158 90 
Tulolong 187 172 93 35 
Uranga 319 390 299 212 
Ndarugu 1 20 120 115 110 
Ngadurumuto 80 104 86 73 
Nureri 41 13 5 0 
Kiboro 44 46 42 39 
Amala 52 88 43 3 
Kikuyu 5 17 16 14 
Thika 3A 15 51 25 0 
Olosoisho 14 34 27 22 
Lower Moiben 56 65 56 50 
Bunyunyu 6 13 11 10 
Thwake 134 412 378 347 
Tenwek 103 233 214 197 
Rare 9 15 15 14 
Sitotwet 50 97 57 21 
Kisongi (No.7) 9 4 1 0 
Archers Post 226 346 271 211 
Ortum 22 36 19 4 
Crocodile Jaws 150 83 31 0 
Lower Narok 24 64 49 35 
Leshota 180 486 431 386 
Gitunbi 55 82 77 72 
Swari 61 95 86 78 
Masabet 24 34 23 14 
Kamogo 28 54 48 42 
Kavgongo 7 8 3 0 
Tuyobet 21 25 18 13 
Mwachi 49 75 68 62 
Kapkoros 27 48 44 40 
Kimondi 71 98 97 96 
Kapcherop 5 10 10 9 
Ngobor 53 106 105 104 
Malewa 10 34 33 31 
Thiba 20 34 24 14 
Kirurumi 24 15 5 0 
Ol Ngobor 79 135 133 130 
Ratat 1 22 43 41 39 
Moiben 9 11 11 10 
Teremi 15 7 3 0 
Kiptaberr 4 9 8 8 
Ndarugu 2 5 25 21 17 
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 Environmental Flow Net Yield = Gross Yield - Env Flow (MCM) 

Name of Dam 95% Yield (no dam, for 
env allocation) (MCM) 

80% Reliability 
with Dam 

90% Reliability 
with Dam 

95% Reliability 
with Dam 

Ruiru A 15 39 24 13 
Mukurue 8 25 16 6 
Tuguon 43 69 63 57 
Koru 60 77 55 34 
Awasi 101 153 138 124 
Chebara 9 11 10 9 
Nderitu 28 49 47 44 
Kigoini 3 5 4 4 
Moi's Brg. 46 85 85 85 
Mutaran 8 12 11 11 
Kimasian 13 22 21 21 
Cheymen 12 15 6 0 
Kihoto 59 121 119 117 
Nyamagwa 26 21 9 0 
Londiani 4 10 10 10 
Saba Saba 18 41 38 34 
Gatitu 21 31 30 28 
Sasumua A 10 22 14 6 
S.Mathioya 8 13 11 8 
Chania B 25 70 60 50 
Sergoit (No.1) 38 40 36 32 
Barsaloi 32 63 62 60 
Rumuruti 5 15 14 13 
Sambret 10 12 8 4 
Chania A 17 38 20 2 
Karambari 15 30 29 28 
Upper Narok 21 60 56 53 
Old Sikh 7 10 8 7 
Siakago 62 114 113 112 
Nyando 89 143 136 130 
Wei Wei 5 12 11 10 
Rutura 22 25 18 12 
Losorua 6 12 11 10 
Waseges 5 10 9 9 
Mau Forest 9 13 12 12 
Majengo 14 24 18 13 
Moruny 13 35 34 33 
Satiet 16 36 33 30 
Merigit 14 32 32 32 
Masibun 4 3 1 0 
Itare 44 69 68 66 
Kaptama 8 8 6 4 
Maragua 8 27 63 60 58 
Gikira 13 17 16 16 
Ikiwe 2 12 12 11 
Kiiriangoro 12 29 26 24 
Muringaini 22 36 33 30 
Chepkungul 8 13 12 12 
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 Environmental Flow Net Yield = Gross Yield - Env Flow (MCM) 

Name of Dam 95% Yield (no dam, for 
env allocation) (MCM) 

80% Reliability 
with Dam 

90% Reliability 
with Dam 

95% Reliability 
with Dam 

Muhitu 11 16 14 13 
Sigoro 20 37 33 30 
Nyahururu 0 1 1 1 
Arror 1 2 2 2 
Maragua 4 8 23 21 19 
Kabichich 5 12 11 11 
Chebiemit 11 14 13 13 
Kapsowar 10 12 11 11 
Ndiara 3 9 9 8 
Enderit No.1 3 14 13 13 
Waseges No.3 2 10 9 9 
Sinyai 18 28 27 27 
Hamilton 5 8 8 7 
Trilo 3 6 6 6 
Molo 3 13 12 11 
Kiringa 5 15 13 11 
Twin Brg. 40 66 65 64 
Kipsang 2 4 4 4 
Ukiru 4 6 6 6 
Kiteta 1 2 2 2 
Enderit No.2 1 5 5 5 
Siracho 6 11 11 11 
Ndzobuni 4 6 6 6 
Ol Bolossat 0 2 2 2 
Kigoro 9 27 26 24 
Ndakaini 2 6 6 6 
Marun 20 52 52 51 
Aram 10 22 22 22 
Siret 6 9 9 8 
Makutano 2 4 4 4 
Kamukabi 8 25 24 24 
Kiptunol 2 2 4 3 3 
Kimwarer 5 9 9 9 
Mau Stream 1 3 3 3 
Mbanga 4 10 10 10 
Marmanet F. 2 5 5 5 
Kimakia 2 7 6 6 
Songhor 2 4 4 4 
Tinderet Forest 1 2 2 2 
Koimbi 3 6 6 6 
Sererwa 7 9 9 9 
Kiptunol 1 2 4 4 4 
Waseges Alts 5 9 9 9 
Sabor 2 4 4 4 
Kipnai 3 6 6 6 
Tirioko 1 4 4 3 
Oraimutia 0 1 1 1 
Kipkoyo 4 7 7 7 
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 Environmental Flow Net Yield = Gross Yield - Env Flow (MCM) 

Name of Dam 95% Yield (no dam, for 
env allocation) (MCM) 

80% Reliability 
with Dam 

90% Reliability 
with Dam 

95% Reliability 
with Dam 

Githima 0 1 1 1 
Pemba 1 2 2 2 
Kadingo 1 2 2 2 
Gitanguin 1 3 3 3 
Embobut 0 1 1 1 
Regero 0 0 0 0 

 

C.2 Climate Change  

The two hydrologic parameters most affected by climate change are deemed to be average flow and the 
coefficient of variation of the flow.  These two parameters are also critical in dictating the volume of 
storage to supply water at a required reliability. Such storage volumes are sensitive to the coefficient of 
variation.  Therefore, as river flow becomes more variable due to climate change effects the required 
reservoir volumes will also increase to retain a specified reliability of water supply.  
 
An example of the relationship between dimensionless draft (draft divided by the mean annual flow 
volume), dimensionless storage (storage volume divided by the mean annual flow volume) and reliability 
for conditions with and without climate change are shown Figure 43. The figure to the left is for 
hypothetical current conditions, while the figure on the right shows the relationship for conditions after 
climate change (characterized by higher flow variability).  The flatter surface in the figure on the right 
indicates that the amount of storage required to supply water at the same reliability as before is 
significantly greater when considering the effects of climate change.  Comparison of these two graphs 
emphasizes the importance of providing adequate storage to counter the effects of climate change on 
water supply reliability.   
 
Figure 43 Climate change effects on the relationship between reservoir storage, yield and reliability 

 
 
The team investigated the robustness of the infrastructure by investigating the effect of climate change on 
reservoir yield (draft).  The flow statistics determining the effects of climate change on reservoir yield are 
the mean annual flow, the coefficient of variation of the annual flow, and its skewness. It is currently not 
known to us to what extent these variables will change in the future. However, it is anticipated that the 
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coefficient of variation of the annual flows will increase in the future. It is not known whether the mean 
annual flow and the skewness will increase or decrease.  
 
A parametric study was therefore completed to determine potential effects of climate change on water 
supply reliability. This was done by varying the parameters of interest and using Equation (1) to 
determine the effects of dimensionless draft for a fixed reliability of 80%.  If the effect on dimensionless 
draft (yield) is known, it is easy to determine the effect of changes in the mean annual flow on draft 
(yield). This is done by simply multiplying the change in mean annual flow with the dimensionless draft 
(yield) value.  
 
During the analysis it was found that changes of + 10% in the skewness of the annual flow data do not 
significantly affect the estimated dimensionless draft (yield).  The analysis indicated that the reservoir 
volume and coefficient of variation played more significant roles.  In order to determine the range of 
reservoir volumes from the analysis each of the calculated active reservoir volumes were divided by the 
mean annual river flow.  This provided an estimate of the dimensionless reservoir size, i.e. the reservoir 
volume divided by the mean annual river flow.  It was found that the maximum dimensionless reservoir 
volume was 0.57, the minimum 0.19 and the mean 0.31.   
 
An analysis to illustrate the sensitivity of dimensionless reservoir yield (draft) to changes in the 
coefficient of variation was then executed.  
 
Figure 44 shows that the dimensionless draft from a reservoir is expected to reduce with anticipated 
climate change. The figure also shows that the magnitude of the decrease in yield will be larger for 
smaller reservoirs than for larger reservoirs. The dimensionless draft for larger reservoirs reduces from 
0.92 to 0.80, while it reduces from 0.75 to 0.40 for small reservoirs.  
 
The conclusion made from this analysis is that for 80% reliability the dimensionless reservoir draft (yield) 
can be sensitive to climate change.  The sensitivity depends on the reservoir volume.  Reservoir yield 
from larger reservoirs are less sensitive to climate change than reservoir yields from smaller reservoirs. 
The conclusion made from this graph is that it is preferred to construct large reservoirs rather than small 
reservoirs to account for the effects of climate change.  
 
Figure 44 Sensitivity of dimensionless reservoir yield to changes in the coefficient of variation of annual 
stream flow and dimensionless reservoir size 
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C.3 Flood Analysis  

The current World Bank study focuses on improving the reliability of water supply during periods of 
drought.  However, the regular occurrence of floods in Kenya also causes significant damage. A cursory 
maximum flood analysis was conducted to develop an understanding of the relative magnitude of floods 
in Kenya.  This was executed using the Francou-Rodier approach, as shown in Figure 45 to Figure 49. 
 
Figure 45 Maximum flood discharges for Lake Victoria 

 
 
The essence of the Francou-Rodier approach is that maximum observed floods can provide some 
guidance as to what reasonable values of design floods might be. The method entails plotting maximum 
gauged flood data (m3/s) against catchment area (km2) on a log-log scale graph. They divided this graph 
into seven zones with a “K” value assigned to each zone.  When this analysis was conducted for all 
maximum floods in the world it was found that all maximum floods plotted at or below the curve with a 
“K” value of 6.  That line therefore provides an indication of the maximum observed floods that have 
occurred in the world.  
 
Figure 46 Maximum flood discharges for Rift Valley 
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Figure 47 Maximum flood discharges for Athi River 

 
 
 
 
Figure 48 Maximum flood discharges for Tana River 
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Figure 49 Maximum flood discharges for Ewaso Ng'iro 

 
 
The general approach that is followed as a design-check of flood peak estimation for a particular region is 
to use the line with the “K” value associated with the maximum observed flood in that region as the 
estimated upper limit of flood peak discharges. For example, for Lake Victoria (Figure 45) the “K” value 
of 5 might indicate the relationship between catchment area and maximum flood peak discharges that 
might occur in that region. Therefore, an estimate of a maximum flood for any catchment area might be 
estimated be using the relationship between maximum discharge and catchment area defined by the “K” = 
5 curve.  
 
Assuming that the maximum discharge that has been observed in Ewaso Ngiro is correct, it implies that 
the floods occurring in this region are comparable with the maximum floods that have ever occurred in 
the world. It is uncertain whether the value of the maximum flood discharge shown in Figure 49  is 
correct, and it is therefore difficult to comment.  All the other floods in this region plot below a “K” value 
of about 4.2, which might indicate that the largest flood measured in this region could be an outlier and 
possibly incorrect.  
 
These graphs might be used to prepare some idea of the flood attenuation capabilities through multi-
purpose use of some of the dams that might be selected during the course of this study.  
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ANNEX D ENVIRONMENTAL FLOW CRITERIA  

Environmental flows, also called the Reserve Quantity, are that portion of a rivers discharge that have 
purposefully been allowed to continue flowing within a managed river for the purpose of managing some 
aspect of its conditions. These purposes can be designed to target the general health of an ecosystem or to 
enhance the survival potential of a specific species. Regardless of their purpose, the fundamental principle 
of allowing water to remain within the channel for ecological purposes has become recognized as a 
significantly important management practice throughout the world (King et al. 2008). 
 

D.1 Kenya’s Final Water Allocation Guidelines: Environmental Flow Criteria 

In section 3.1.1 the Final Water Allocation Guidelines document states that in reference to streams and 
rivers, ‘the Reserve Quantity shall not be less than the flow value that is exceeded 95% of the time as 
measured by a naturalised flow duration curve at any point along the water course’, unless more accurate 
methods are used to quantify downstream demands.  
As a quantitative method of defining the Reserve Quantity, this method can potentially provide sufficient 
water for both human and biological purposes. However, this method is highly dependent on the 
existence, quality and length of the duration curve. Additionally it does not account for the inter-annual 
discharge variability, nor does it identify the more accurate methods that can be used to supersede this EF 
criterion. As an added disadvantage the chosen method does not have any flexibility built into the system, 
meaning that more water cannot be extracted in wet years and less in dry years. In Figure 1, the discharge 
associated with the 95% exceedance value is depicted by the green line. In this example the chosen value 
might result in a larger discharge being selected as the environmental flow rather than one based on a 
percentage of the mean value, but in intermittent systems the chosen value might be significantly lower. 
Alternate methods presented below base their environmental flow calculations on the mean value of the 
duration curve and consequently do not have as great a potential to set the environmental flows too low 
for ecosystem needs.  
 
Figure 50. Example flow duration curve with the 95% exceedance value and the mean value depicted 
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D.2 Alternate Environmental Flow criteria 

D.2.1 Building block method 
 
Formulated during the 1990s, and extensively applied in South Africa and Australia, the Building Block 
Method (BBM) consists of a collaborative effort between all the involved parties to determine what the 
collectively accepted reserve quantities should be at all points in time and space along a particular river 
network (King et al. 2008). Essentially, the BBM involves multistage meetings between the appropriate 
groups to determine what the desired and acceptable levels of the environmental flows should be and then 
assessing these designed flows using cutting edge hydrodynamic modeling and comparing those results to 
specific habitat criteria. The main advantage of the BBM is that it involves all the interested parties early 
in the decision making process and then assess the needs of those groups with quantitative science, 
making it a robust method from a social and ecological perspective. The main disadvantage is that the 
method is extremely labor intensive, as it must be carried out each time a river discharge is affected and 
must involve multiple heavily invested interest groups. The decision making processes take considerable 
time and resources, but its focus on community involvement and scientific validation make it the ideal in 
environmental flow allocation.  

D.2.2 PHABSIM 
 
Habitat based assessments of environmental flows are conducted by running the designed flows through a 
hydraulic model and assessing the results based on the physical characteristics of the model that have 
been defined as suitable habitat. PHABSIM (Milhous et al. 1984) and a host of similar models (King et al. 
2008) are available to assess the habitat suitability created by different flow regimes. The criteria that the 
models use to define habitat suitability can be based on a single phase of the reproductive cycle of a 
single species, or they can be used to identify general properties of a diverse ecosystem. Habitat based 
hydraulic models are a fundamental component of the BBM presented above, but their capabilities as 
independent tools warrants their inclusion in this review.  

D.2.3 Tennant method 
 
Developed in Montana, the Tennant Method identifies the reserve quantity as a percentage of the mean 
annual discharge (Qmaf). Essentially the Tennant Method calculates the Qmaf based on the hydrologic 
record, and then uses descriptive categories to define the flows based on a percentage of the Qmaf. The 
definition of the boundaries of these categories varies according to the dry or wet seasons. These 
categories are identified in Table 1. The qualitative nature of the categories means that each year can be 
assessed relative to other years, thus allowing for managerial control during periods of excess or 
insufficient water supply. 
 

Narrative description 
of flows 

Recommended flow (% of MAF) 
October –March April - September 

Flushing or maximum 200 200 
Optimum range 60- 100 60- 100 

Outstanding 40 60 
Excellent 30 50 

Good 20 40 
Fair or degrading 10 30 
Poor or minimum 10 10 

Severe degradation < 10 < 10 
Source: Tennant 1976 
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D.2.4 Twenty-five percent mean annual flow 
 
The 25 percent mean annual flow is defined in exactly the same way as the Tennant Method and is 
applied as the year round EF in most regulated Canadian rivers.  

D.2.5 Median monthly flow (Q50) 
 
The median monthly flow (Q50) is defined as the flow available 50% of the time each month (Caisse and 
El Jabi 1995). This method is usually applied to basins larger than 130 km2, with a hydrometric record of 
relative length. In basins where these criteria are not met, the regional aquatic base flow is used (Qabf). 
The Qabf is defined as the mean monthly flow of the month with the lowest mean discharge. The use of 
this secondary criteria often results in more stress to the system, as the use of the median discharge of the 
driest month as the definition of the EF can cause wetter month to experience deficiencies.    
 

D.3 Summary 

Ideally, the BBM provides the most robust method for determining environmental flows, but the labor 
intensiveness of the method precludes it from at least the preliminary stages of discharge regulations. As a 
robust alternative the Tennant Method is a reasonable choice. Significantly, it bases the flow regulations 
on the mean value of the distribution, rather than the tails, meaning that they are less vulnerable to 
extremes. Also significantly, the Tennant method has a qualitative scale that allows for adjustment of the 
environmental flow regulations depending on current conditions, i.e. more water can be extracted in wet 
years and less in dry years. The capacity to define regulations based on changing conditions means that 
reason and not just legislation can play a fundamental role managing the needs of humanity and ecology.   
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