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Abstract
The river basin has long been acknowledged as the appropriate unit of analysis for water resources
management and has also been named by the United Nations Conference on Environment and
Development (UNCED 1992) as the logical unit for integrated water resources management in
Agenda 21, chapter 18. The comprehensive methodology framework for analysis structures the
decision making process, starting with the problem identification, through the weighing of various
options to the final selection of the most appropriate policy. The integrated planning approach
methodology is applied to the 3600 km2 Nyando river basin in western Kenya, one of the sub-basins
that drain into Lake Victoria in Eastern Africa. Statistical methods used to check the adequacy and
reliability of the available hydrometeorological records revealed existence of trends, inconsistencies
and inhomogeneities in some the observational data series. The modular structure of the
computational framework consisted of modules for estimation of water demands for irrigation and
public water supply, a river basin simulation and allocation model, a module for yield reduction and
damages due to agricultural demand shortages and a module for incorporating investments and
benefits in a given timeframe, assessing the impacts in terms of economic indicators. Various
possible development strategies are formulated and evaluated based on the specific objectives of
enhancing social equity, efficient economic growth, environmental conservation and efficient
resource allocation and use, through multi-criteria analysis. Performance measures are used to
evaluate the alternative strategies in light of the multiple objectives. The economic strategy is found
to dominate the other strategies under different stakeholders priorities for the specific objectives,
although not robust under all analysis conditions. Institutional arrangements largely determine
whether objectives can be achieved in practice. The existing institutional framework for water
resources planning and management is outlined together with the desired situation. Remedial
actions proposed to fill the gap between existing and desired situation in future are outlined.

Objectives of the study
The main objective is to apply a conceptual framework for analysis as a planning process in
support of integrated river basin development planning. This consists of a series of steps,
beginning with identification of needs, proceeding to water management system analysis and
evaluation resulting in conclusions and recommendations. Administrative aspects in relation to
the natural system and the social economic system will be defined. Specific objectives are:
• Water resources assessment.
• Water demand assessment.
• Formulation of policies (strategies) on future water allocation.
• Evaluation of alternative strategies.
• Definition of an institutional framework.
• Recommendation of institutional arrangements.
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 Overview of the study area
 The Nyando catchment is located in western Kenya to the east of lake Victoria. The catchment is
centred on the equator at 35°10E. Its situated between lake Victoria to the west, Tinderet hills in
the east, Nandi escarpment to the north and Mau escarpment to the south. The land slopes
generally in the Northeast-Southwest direction. Altitude varies from about 1000m above mean
sea level (amsl) at lake Victoria to over 2000m amsl in the up-hill regions The Nyando river and its
tributaries drain the Nyando sub-basin of the Lake Victoria drainage basin. The Nyando
catchment extends over an area of 3600 Km2. The main drain channel is river Nyando rising in
the Mau escarpment forming a deep V-shape valley in the hilly area. The river has a steep
gradient in the upstream but the gradient gentles downstream in the Kano plains. In the lower
parts of the catchment the river dissipates in a swamp area and finally discharges into the
Nyakach Bay in Lake Victoria. The longest river stretch is 150 Km
 
 Climate The climate of the Nyando catchment is sub-humid with a mean annual temperature of
23°C. The mean annual rainfall varies from 1000mm near Lake Victoria to over 1600mm in the
highlands. The annual rainfall pattern shows no distinct dry season. Its tri-modal with peaks during
the long rains (March-May) and short rains (October-December). The third peak occurs in August.
The rainfall is controlled by the northward and southward movement of the Inter-Tropical
Convergence Zone (ITCZ). However, altitude, proximity to the highlands and nearness to the
lakeshore causes considerable spatial variations in rainfall. The areas with minimal rainfall are
around the plains and lakeshore areas while the highland areas have high rainfall.
 
 Geology The physiography consisting of scarps formed by the rift faults having east-west to ENE-
WSW direction which shape the Kavirondo Rift branching from the main north-south oriented Rift
Valley system. Footslopes are typically along the Nandi escarpment in the north and Mau
escarpment in the south. A gently sloped piedmont plain and  very flat alluvial plain (Kano) are
widely spread in the catchment.  The grey and black soils in the Kano plain are mainly found in the
surface of alluvial deposit and Pleistocene deposit (JICA). Sandy red soils derived from Granite is
mainly found in the foot and piedmont along the escarpments.
 
 Population The population in the study area is estimated to be about 584,000. based on 1989
census. 7% of the total population lives in the urban village towns of Muhoroni, Chemelil and Ahero.
Population growth throughout Kenya is one the highest recorded in the world. The combination of
high fertility, declining mortality and a relatively young population implies that the high growth rate will
most probably persist for some time into the 21st century. Population in the study area is mainly
rural based. The average density is 200 people per square kilometre. The distribution over the area
is not uniform, with the areas under large scale sugar farming being the least densely populated.
 
 Land use The land use is primarily small-scale subsistence agriculture and large-scale sugar
cultivation. Subsistence crops include Maize, Sorghum, Pulses and Tuber crops. In the plains
Cotton is grown and Rice is grown further downstream. Livestock raising is also a main agricultural
activity with large areas left for pasture.
 
 Land tenure One of the critical factors affecting land-use management is land tenure. The
residence period of land users on a particular piece of land could influence their attitudes towards
good land-use practices which could promote environmental conservation. Generally land and in
Kenya is either under customary tenure, freehold, leasehold, trusthold or government land. The
impact of each of the tenure systems depends on land-use activity.
 
 Data
 Rainfall and evaporation data The Kenya Meteorological Department, Ministry of Information
Transport and Communications provided rainfall for 22 stations in and around the catchment
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area. The records span the period 1957-1990. Pan evaporation data was available for 4 stations
for the period 1985-1990.
 
 River flow data The Water Department, Ministry of Environment and Natural Resources
provided daily river discharges at 9 gauging stations in the catchment. The records span the
period 1950-1997.
 
 Other Information Government Ministries, Regional Authorities, State Corporations and Non-
Governmental Organisations (NGO’s) provided information on policy, legal and institutional
frameworks under the stakeholders interviews. The interviews were conducted in the following
organisations:
• Ministry of Environment and Natural Resources, (National Environmental Secretariat)
• Ministry of Energy
• Ministry of Agriculture and Rural Development
• Lake Basin Development Authority
• National Water Conservation and Pipeline Corporation
• BKH consulting Engineers

Water resources potential and demands
The monthly rainfall for those stations in the catchment whose data were found to be
homogeneous and consistent were applied to estimate the catchments mean rainfall depth. The
highest rainfall occurs in the month of April and the runoff peaks lags behind the rainfall by a
month, occurring in May.

Water balance Here the overall mass balance is computed for the catchment as a whole. The
main objective is to estimate the recharge of the groundwater, which for this surface water study is
considered as a loss. Use is made of the long term average monthly data as a simplified approach
to a long term computation.
The amount of recharge to the groundwater can be estimated by the following formula

R  ==  P  −−  Q −−  ∆∆Sm −−  Eta

Where, P = rainfall; Q = runoff; ETa = actual evapotranspiration; ∆Sm = changes in soil moisture

Nyando Catchment Water Resources Potential The potential surface water resources in the
Nyando catchment is thus estimated at 702 Mcm/per year. This on average is 60 Mcm/month. The
total is about 14% of the rainfall received in the catchment. The sustained groundwater potential
mostly seen as annual the quantity of water that can be withdrawn from the aquifers, without a long
term lowering the groundwater table or piezometric level. The quantity withdrawn is renewed by
percolation in particular during the rainy periods. Based on the water balance calculation the
renewable groundwater potential of the Nyando catchment can be estimated as 265 Mcm per year.
In most parts of the Nyando catchment groundwater  has generally been considered to be readily
available and a good source for drinking water. However, the stress on this key resource has been
growing rapidly. Contamination may occur whenever potential exists for transport of matter into the
groundwater environment, either from the ground, polluted surface water or through human action.

Water Demand Assessment
Water demands in the catchment consist of public water supply, industrial demands, irrigation
demands and demands for livestock watering purposes. The Ministry of Water Development
abstracts water for public water supply to village towns.

Domestic water demand Domestic water demand consists of urban and rural water demands. In
this study only urban water demands are estimated. The rural water demands are met through
supply from wells, boreholes and springs (groundwater). In the study area rural domestic water
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supply is being implemented under the Rural District Water Supply and Sanitation Programme
(RDWSSP) of the Lake Basin Development Authority. Urban water demand is estimated as a
product of population and unit water consumption rates for two types of connections, house
connections and standpipe connection. Presently about 190,000 people (30% of the population)
have access to the various types of water points. These are 1485 dug wells serving 129,970
persons, 52 boreholes serving 26,700 persons and 385 springs serving 33,010 persons. The total
abstraction  of  shallow  and  deep  groundwater  based on the average of  20 l/c/d is estimated to
be 14 Mcm per year.

Irrigation water demand Unit irrigation requirement during the growing stage of a crop on monthly
basis is estimated based on consumptive use, effective rainfall and  irrigation efficiency, (FAO,
1977). The actual abstraction by the National Irrigation Board is 19 Mcm/year for the Ahero irrigation
scheme and the Provincial Irrigation Unit abstracts 21 Mcm/year for the various small schemes
under their mandate.

Industrial water demand Industrial water demand consists of the water demand for the two sugar
factories, East African sugar industries located at Muhoroni town and Chemilil sugar at Chemelil
town. They abstract water for industrial process, local public water supply and also for irrigation
purposes. The agrochemical and food industry uses molasses from the adjacent the sugar factory
at Muhoroni to produce power alcohol and bakers yeast. The demand consists both of process
water and for domestic by the factory residents. Muhoroni abstracts 70 m3/day as process water in
sugarcane milling. Chemelil abstracts 85 m3/day as process water and the food and agrochemical
industry abstracts 80 m3/day for its process water.

Irrigation water abstraction permits The water appropriation board has issued water abstraction
permits of 7,487 m3/day to Muhoroni sugar industry and 6,116 m3/day to Chemelil sugar industry.
The director of water development also has an abstraction permit for 272 m3/day for public water at
Muhoroni town. The National Irrigation Board has permit to abstract 47 m3/day during the normal
flow periods and up to 135,000 m3/day during flood periods. The actual amounts of water
abstracted by the sugar industries and the irrigation board for irrigation of the sugarcane farms and
rice fields is not known.  The actual abstraction by the sugar industries for irrigation is not known.

Livestock water demand Livestock water demands are projected in proportion to rural population.
It is estimated that there is one livestock unit (LU) for every three persons of the rural population.
The unit consumption for livestock is 17 l/c/d. Agriculture remains the largest user followed by
domestic water then livestock and finally industrial use. The total water demands will continue to
increase mainly due to population growth.

Water Quality aspects in the Nyando catchment
Point pollution The combined effect of town and industrial waste discharges and pollutants from
elsewhere on the oxygen level in river Nyando in some cases have been adverse. In situ
determination of oxygen levels (Calamari et al 1994) shows a range of values determined as 0.2 –
7.4 mg/l indicating the river experiences anoxic conditions at certain periods. Muhoroni and
Chemelil sugar industries use open lagoons for effluent treatment. The food and agrochemical
industry uses an aerobic tank before the effluent goes to the lagoons. The values of BOD effluent
loads discharged into the surface water system are remarkably above the recommended WHO
standard of 20 mg/l.
Diffuse Pollution Lots of fertiliser is used in agriculture to increase productivity of the land. Exact
quantities are not known, but using the recommended application rates estimates can be derived.
The main sources of nitrogen and phosphorous are fertilisers used in the agricultural fields,
livestock, urban sewage discharges and industrial effluents and are the main cause of
eutrophication.
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Methodology: Conceptual framework for analysis
The methodology followed in this study is the conceptual framework of analysis Heun and
Koudstaal (1999). This is a stepwise approach to management planning. The main steps are:
i) Determination of existing situation, (information gathering).
ii) Problem identification and possible measures.
iii) Determination of a goal, objectives and criteria.
iv) Delineation of analysis conditions.
v) Analysis of possible measures and promising strategies.
vi) Evaluation of selected strategies.
vii) Presentation
The data gathering was done for the information required categorised as:
• Biophysical characteristics of the area.
• Social issues and related economic linkages.
• The governance framework, embracing laws and institutional characteristics.
 
 Analysis of problems impacts and measures
 
 Identification of problems
• Low productivity in crop and livestock
• Inadequate water supply and sanitation
• Flooding
• Environmental degradation
 
 Remedial measures
• Increased use of high yielding seed varieties and modern farming technologies increasing

yields per hectarage, intensification and expansion of irrigation areas, increase horticultural
production to ensure balanced diets, upgrading of local stock for more beef and milk, and
rehabilitation of irrigation works to reduce losses are some measures that can be taken to
remedy the problem of low crop and livestock production.

• Flood protection measures like Construction of dykes, installation of a flood warning system,
resettlement and construction of a reservoir are measures that can be taken to solve the
problems of flooding.

• Protection of springs and shallow water wells, increased coverage of urban and rural
domestic water supply and sanitation services, development of new supplies and reduction of
losses in the distribution systems are measures that can be taken to correct the inadequate
water supply and sanitation.

• Reforestation, improving land management practices, zoning of conservation areas for
protection, improve quality sampling frequencies, setting up and recommending standards for
effluent discharges to be maintained by industries, proper application and use of fertilisers
and pesticides are measures that can remedy the environmental degradation problem.

 In order to achieve the above objectives, measures were be taken that included technical,
legislative, implementation incentives, institutional and management arrangements.
 
 Formulation of strategies
 Strategy formulation was based on the estimates of demands for products and services,
knowledge of the resources potential and the impacts of production of such goods and services on
the natural resources base with the associated feedback on the local and regional economy. Three
strategies are chosen in this study namely  “economic”, “social” and “environmental” and will be
evaluated alongside the base case. The strategies are formulated as a collection of measures
which included; extension of irrigated areas, rehabilitation of existing irrigation works, change of land
use and cropping patterns and extension of public water supply. In addition measures are taken to
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reduce losses, thus increasing water use efficiency. Minimum low flow requirement target is set to
ensure environmental conservation of the river and wetland ecosystem.
 Strategy 1 “social”, the objective is enhancement of equity and improvement of public health. In
strategy 2 “economic”, the objective is to promote economic growth.
 Strategy 3 “environmental”, the objective is to conserve and improve environmental quality.
 In identifying the means by which goals and objectives will be met through implementation of the
formulated strategies, instruments to be used should be identified. These instruments are:
• Direct government investment
• Institutional and organisational arrangements
• Command and control instruments
• Economic or market based instruments
• Societal instruments
 
 Criteria
 Several criteria are identified by which the performance of the proposed collection of measures
(strategies) can be measured. The criteria are grouped depending on the specific objectives. For
the objective of enhancing social equity the criteria include: maize production (ton/year) as a
measure of food self sufficiency, cash crop production (ton/year), employment (man-years),
farmers income ($/year), proportion of people served by the water supply (%) and  average per
capita consumption (l/c/d). For the objective of efficient water allocation and use the criteria can be:
shortages of irrigation water (%), shortages of public water supply (%) and losses in public water
supply distribution system (%). For the objective of enhancing environmental quality the criteria are:
failure to meet low flow requirements (%) and fertiliser loads (ton/year). For the objective of attaining
efficient economic growth, Net present value ($), benefit-cost ratio and  investment costs ($) are the
criteria used.
 
 Delineation of analysis conditions
 Natural system boundaries over which the water balance was considered was the Nyando river
catchment. Activity boundary within which human activities are considered and analysed with
respect to resources utilisation is the lower part of the catchment mainly the Kano plains. It
comprises the village towns of Muhoroni, Chemelil and Ahero together with four irrigation areas. The
irrigation projects are Ahero, Nyando right bank, Nyando left bank and the Southeast Kano. The
Nyando swamp forms the downstream boundary. Jurisdictional boundaries are the Nyando district
for administrative purposes. The catchment area lies under the Lake Basin development Authority a
regional development body. The village towns are under the jurisdiction of urban councils under the
Ministry of local government. The study plan period extends for ten years, year 2000 being the base
year. Socio-economic projections are made for the years 2005 and 2010 incorporating uncertainties
in the expected rates of socio-economic developments.
 
 Multi criteria analysis
 Goal statement
 The goal statement is the overall objective in this case best strategy to achieve sustainable socio-
economic development.
 Objectives
 These are what we are trying to achieve in this case, enhancement of social equity, efficient water
allocation and use, economic efficiency and environmental conservation.
 Alternatives
 These are the feasible alternatives that are available to reach the ultimate goal, in this case base
case (business as usual), strategy 1, strategy 2 and strategy 3 earlier described.
 Players
 By including a level of players in the evaluation and choice model, each interested party
(stakeholders) views can be incorporated in the decision making process. The players in this case,



1st WARFSA/WaterNet Symposium: Sustainable Use of Water Resources; Maputo, 1-2 November 2000

An Integrated River Basin Planning Approach – Nyando Case Study in Kenya 7

stakeholders: Ministry of Agriculture and Rural Development, Ministry of Energy, Ministry of
Environment and Natural Resources and local leaders role played by the author.
 
 Institutional arrangements
 
 Legislation related to water In this study an attempt is made to describe the legal and
institutional aspects relevant in the concept of integrated river basin planning and management.
These aspects cover legislation, institutional arrangements, planning and implementation, and
water use management. In Kenya there are many laws related to water. There are about 77
statutes relating the management and conservation of water resources. The statutes cover
diverse aspects such as: land law and land use, agriculture, public health, water, marine and
forestry among others. The many legal provisions for the protection and proper use are not found
in one comprehensive document. Rather they are scattered over the 73 statutes. The most
important law related to water is the Water Act with which the Minister of Environment and Natural
Resources exercises control over every body of water. Other important laws are the Irrigation
Act, The Electric Power Act, Agriculture Act, Forest Act, State Corporation Act, and the
Environmental Act
 
 Current Water Resources Management situation The current situation in water resources
planning and management presented is the opinion of interviewees who represent interested
parties in water resources planning and management in Kenya. The interviewees were chosen
from leading stakeholders presently involved in planning and management of water resources.
They consist of  officials of government agencies, a regional authority, a state corporation and
from a consulting agency, all involved in various ongoing water related activities in the study area.
Their views is on the current problems of water resources management particularly in the region
and in the country in general. The problems are categorised as legislative, administrative,
political, socio-economic, stakeholders and manpower and logistics.
 Legislative: Conflict between the various Acts related to water for example land department can
subdivide gazetted forest land for settlement.
 Conflict on who is responsible for planning and management of water resources. Regional
authorities claim responsibility for use and management.
 The water Act falls short regarding protection and use of water. There is no provision for protection
of water catchments and not enough penalties. Lack of harmonisation of natural resources policies
on water, land and the environment.
 Administrative: Duplication of roles and efforts especially between water department, regional
development authorities and non-governmental organisations.
 Lack of integration at the sectoral level. There is no intersectoral information base and lack of
intersectoral technical for a was cited. The water resources potential is not known due to
inadequate monitoring systems. Inadequate budget and resource allocations.
 Socio-economic: Low public awareness on the benefits of land and water resources conservation
and protection. Willingness to pay is low attributed to poor services rendered. Inability to pay due to
widespread poverty. Agriculture is the major occupier of land for cultivation. The clearing of forests
for cultivation was highlighted as causing loss of spring water sources and in some areas reduction
in yields. Overgrazing was also mentioned in hand with deforestation as major causes of soil
erosion and land degradation. Financial constraints affect provision and management of water
supply services. The lack of funds hinders efficient management by the agencies concerned. This
was noted as one cause for un-sustainability. The finances are mainly from government and
external donors.
 Manpower and logistics: Lack of skilled personnel and inadequate facilities hindering efficiency in
operations. This was highlighted especially concerning water quality monitoring and surveillance.
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 Proposed changes to water resources policy and legislation  Regarding water resources
management, the interviewees proposed the following as reforms or amendments in policy and
legislation:
• Water as an economic good, taking into account provision for basic needs, cross subsidy and

block tariff pricing systems proposed.
• Enforcement of polluter pays principle.
• Introduction of water use charges, presently developers pay only for permit issue charges.
• Ensure fulfilment and enforcement of standards and norms through improved surveillance and

monitoring.
• Introduction of intersectoral information base.
• Public sensitisation and awareness creation, by media, leading stakeholders and leaders.
• Improvement in data collection and dissemination of information in transparent way. All

stakeholders should be involved in monitoring.
• Human resources development through seminars and training.
 There was agreement that river basin is an appropriate unit for integrated planning and
management of water resources. There are already in place institutions for planning,
development and management at river basin scale. However, there exists gaps and overlaps of
the functions of these organisations with those of other agencies, hence the need for
reorganisation and integration amongst the functions of the various institutions. The emphasis
currently is the top down planning and management approach and this needs to be addressed to
incorporate more of the bottom up approach to enhance integration and participation of all the
interested parties in the full planning cycle.
 
 Results/Discussion
 On the basis of staple food production such as maize, sorghum, and beans, the average annual
production in all the strategies is below the national target of 177 kg/person. However, in
consideration of increased production of cereals and pulses, the agricultural project would supply
the population in the project area and its surrounding areas. Sugarcane production in the area is still
below the milling capacity of the three large sugar mills under operation in the area with an annual
milling capacity of 2 million tonnes. The other crops cotton and vegetables produced would
enhance the growth of Agro based industry in the region. For maize production the social strategy
performs best followed by economic and environmental strategies respectively, while in cash crop
production the economic strategy is best followed by environmental and lastly social. In generation
of employment, the economic strategy is best, followed by environmental and social respectively,
while in consideration of farmers incomes economic strategy is best followed by environmental and
social last. For public water supply, environmental is best followed by social and economic is last.
Violation of low flow requirements is worst in the economic strategy while environmental is best.
Examining the failure to meet the demands in irrigation water supply , economic strategy performs
worst while the social performs best. In assessing number the of people served by the domestic
water supply, social strategy performs best followed by economic and environmental is last. The
estimation was done using the connection rates and population for the water supply and number of
water points for the rural domestic water supply. The calculation of eutrophication loads is based on
a number of crops on which fertiliser is applied and areas under crop production per year. Taking
fertiliser use as an indicator of nutrient loads into the surface waters, the environmental strategy
has the least loads followed by the social strategy, and the economic strategy has the highest
loads. The results are presented in the scorecard below. The results show that the Ministry of
Environment and Natural Resources gives the highest priority to the objective of enhancing social
equity compared to the other players, followed by the Ministry of Agriculture and Rural Development,
the Author and last is the Ministry of Energy. On the objective of efficiency in allocation and use, the
Energy Ministry leads, followed by the author , MENR , MOARD and respectively. For the objective
of enhancing environmental conservation the MOARD leads followed by  MENR, author and MOE
respectively. For the efficient economic growth objective, the MOE leads, followed by the Author,
MENR and MOARD is last. Overall the social enhancement and equity objective has the highest
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preference followed by that of efficient economic growth, efficient resource allocation and use and
last is the objective of enhancing environmental conservation. With respect to priorities according to
the specific objectives, there is mixed performance of the four strategies. Gradient sensitivity
presents the variation of the strategies for any priority assigned to the specific objective. For the
economic development objective, strategy 2 dominates the other strategies. Increasing the priority
of the objective of achieving economic growth widens the margin by which strategy 2 is preferred to
the other strategies.
 

 Table 1 Scorecard
  STRATEGY
 CRITERIA  BASE  SOCIAL  ECONOMIC  ENVIRONMENTAL
 Maize (‘000 ton/year)  9  27.5  22.5  16.3
 Cash crop (‘000 ton/year)  25.9  50.3  120.7  77.4
 Farmers inc.(‘000 $)  1619  3940  5276  4098
 Employment(man year)  944  2612  3325  2437
 Investment costs (‘M $)  3.3  22.6  30.4  21.0
 Net Present Value (NPV)  8  26  69  32
 Benefit Cost ratio  3.2  3.4  6.2  3
 Shortages irrigation (%)  4  16  17.4  16.6
 Shortages PWS (%)  0.6  9.7  12.2  7.1
 Shortages Low flow(%)  14.9  28.5  30.1  27.5
 Fertiliser use  622  1179  1270  1030
 Urban PWS losses (%)  50  35  20  30
 Per capita Cons.(l/c/d)  40  60  70  55
 Population served (%)  55  89  71  60
 

 Table 2 Weights for Objectives and  players preferences
 OBJECTIVE  CRITERIA  MOARD  MOE  MENR  AUTHOR
 Allocation Efficiency  S_Irrigation  0.016  0.046  0.023  0.029
  S_PWS  0.023  0.023  0.023  0.023
  Losses  0.067  0.092  0.070  0.077
   0.106  0.161  0.116  0.129
 Efficient Economic growth  NPV  0.052  0.091  0.024  0.056
  B/C  0.037  0.144  0.065  0.083
  Tot. Invest.  0.018  0.042  0.015  0.026
  Cash Crop  0.026  0.120  0.041  0.063
   0.133  0.397  0.145  0.228
 Environmental Conservation  Fert.  0.128  0.013  0.045  0.062
  S_Low  0.043  0.039  0.090  0.056
   0.171  0.052  0.135  0.118
 Enhancement of Social Equity  Farm.Income  0.046  0.059  0.073  0.059
  Employ.  0.072  0.038  0.050  0.053
  % pop Served  0.195  0.099  0.153  0.149
  Per.Cap.Cons  0.088  0.033  0.071  0.064
  Food Security  0.190  0.160  0.254  0.200
   0.591  0.389  0.601  0.525

 Total   1  1  1  1
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 Conclusions and recommendations
 
 Data analyses:
 Adequate planning requires increasingly detailed and reliable data. From the screening for
inconsistencies, trends, and errors, the following can be concluded:
• The rainfall and flow data were not sufficient for an accurate assessment of the water

resources potential.
• There exists inhomogeneities and trends in some of data records.
• There is doubt on the accuracy of the high flows, since levels are observed and rating curves

used for conversion to flows.
 
 Mass balance:
• During the dry months there are evapotranspiration deficiencies.
• The estimated average groundwater recharge is about 10% of the annual rainfall.
• Estimation using sequential series would give a better estimation, however evaporation

record available is only for a short period.
• The study revealed the need for reliable and adequate data for the water balance computation,

most is sensitive variables are evaporation data and pan coefficient.
 
 Water demands:
• There exists uncertainty in the projection of municiple water, the actual water use and the

unaccounted for water is not known.
 
 Water supply:
• The actual potential is not precisely known because of is lateral flows and un-gauged

tributaries.
 
 Methodology:
• The successful application of systems approach in the water resources potential and

demands assessment is demonstrated using spreadsheet models. The models are easy to
use and clear to be understood.

• The modular structure of the computational framework and the adapted methodology,
framework for analysis is flexible, allowing for cyclic planning as opposed to the traditional
sector based linear planning approach.

• There is a problem on the water quality situation in the Nyando river due to pollution from
industries, agriculture return flows, and municipal waste discharge. There is need for a more
intense observational network and frequency of observation to better assess the resources
potential in terms of quantity and quality.

 
 Institutional arrangements:
• The existing institutional arrangements are inadequate for proper and efficient water

resources planning and management.
•  There is need for legal harmonisation of existing legislation and new especially command

and control and economic based instruments cited as lacking or inadequate in the current
legislation to ensure protection and efficient use of water resources.

• There exits gaps in effective channels of communication and co-ordination between the
stakeholders.
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