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Abstract 

 

Water problems prevalent in the Nyando River Basin are due to an ineffective water allocation 

system and lack of adequate conditions for implementation of sustainable integrated water 

resources management (IWRM) strategies. The basin is bedevilled by poor water resources 

management, inequitable allocation of water among consumers, physical infrastructural 

deficiencies, inefficient water utilisation, illegal water abstractions, natural resource 

mismanagement, conflicting and weak institutional roles and lack of stakeholder involvement in 

water resource management. The results of the study reveal sufficient per capita annual water 

availability with the potential to realise both Sustainable Development Goals (SDGs) and the 

Kenyan Vision 2030. However, analyses from flow duration curves (FDCs) and the water 

evaluation and planning (WEAP) model show that monthly water demands including environmental 

flow requirements (EFRs) are met only between 43% and 94% of the time. While the Water Act 

(2002) upholds the principles of IWRM on equitable and sustainable water resources allocation, in 

practice the current water allocation system falls short of implementing these strategies due to lack 

of a water allocation plan (WAP), inadequate water demand management (WDM), low 

infrastructural development and lack of community participation in WRM. For example, the total 

revenue generated in water supply schemes is only about 25 to 30% of their operational costs, 

which means that in the absence of subsidies the schemes cannot operate. The goal of this study 

was to examine the influence of the current water allocation system on water resources management 

in the Nyando River Basin by comparing the various sectoral water demands in the basin with the 

available water resources in order to improve understanding of how water allocation systems work 

in practice. The analyses further revealed that irrigation uses up to 72% of the available water, 

which is mainly drawn from the regular low flow contrary to the permit order. For example, the 

Ahero National Irrigation Scheme is permitted to draw 47 m
3
/day of water from regular flow and 

13,500 m
3
/day from flood flow, but draws the whole amount from the regular flow; hence irrigation 

is the main cause of water deficits in the basin. Projections show that the irrigation sector will 

experience 300% increase in an unmet demand of 92.4 Mm
3
 by 2030 up from the current annual 

deficit of 2.9 Mm
3
. In light of the above challenges, both improvement of WDM and infrastructural 

provision have complementary roles in contributing to sustainable water availability, 

socioeconomic growth and poverty eradication in the basin and help achieve SDGs at the local 

scale. The results of the study will facilitate an understanding of the influence of water allocation 

systems on regional hydrology and form the basis of improving water allocation systems, and 

inform policy formulations to ensure sustained water availability and environmental sustainability 

in river basins. In that regard, this study contributes to the on-going global debate on Sustainable 

Development Goals by exploring ways of realising and improving IWRM strategies and the 

National targets. 
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CHAPTER 1 

INTRODUCTION 

 

In this chapter the background of the study is outlined and the problem statement is discussed 

alongside the objectives and justification of the study. This chapter also highlights water problems 

experienced in basins as a result of the changing environmental conditions, socio-economic 

activities and the increasing water demands. It also outlines the expected outcomes and their 

importance to water resources management. 

1.1 Background of the study 

Access to adequate water resources by humans is a growing global concern due to fast 

rising demands resulting from rapidly growing population and increasing socioeconomic 

activities. Stiff competition over the available water resources amidst significant declines of 

flows in some rivers is experienced (Vorosmarty et al., 2000; Kashaigili et al., 2003; 

Gourbesville, 2008; Mutiga et al., 2010). In some basins such as Usangu in Tanzania and 

Ewaso Ngiro North and Mara in Kenya, water resources have been over-exploited resulting 

in reduced per capita water availability, increased water-related tensions and conflicts, 

especially in the arid and semi-arid parts of Sub-Saharan Africa where demand occasionally 

outstrips supply (Seckler et al., 1998; UN-WATER, 2006; Kashaigili et al., 2008). The 

effects of declining water availability are being felt even in sub-humid equatorial regions 

due to poor resource planning and management. Some catchments in the Lake Victoria 

Basin already experience water availability problems due to ineffective water allocation 

systems and slow implementation of IWRM strategies (UN-WATER, 2006; Kashaigili et 

al., 2007; Mango et al., 2011a; UN-WATER, 2012; 2013). For example, in Kenya, the 

major economic activity is agriculture which the national irrigation policy wishes to expand 

(GoK, 2015), but this can only thrive on a sustainable basis if there is adequate water. 

Hence sustainable allocation and prudent management of the resource become essential if 

the 2030 Sustainable Developmental Goals (SDGs) are to be achieved (UN, 2015). 

 

Recent studies show that the global water abstractions have increased three fold in the past 

fifty years due to increasing water demands caused by high population growth and 

expanded irrigated agriculture (UN, 2009; Vorosmarty et al., 2010; Mounir et al., 2011). A 

study by Loucks and Beek (2005) shows that the global per capita water availability 

decreased from 13,000 m
3
 in 1975 to 6,000 m

3
 in 2005. According to the estimates released 
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by the United Nations, about a third of the global population risks facing chronic water 

shortages by 2025 unless appropriate measures are instituted to address the current rate of 

water consumption (Shinde, 2005; UN, 2000). This deduction is supported by a study by 

Lankford et al. (2004), which shows that about 80% of the world’s population is already 

water insecure. The implication is that per capita water availability will continue to drop 

even at local scales as long as the factors and activities accelerating the reductions in water 

resources availability are not well understood and properly managed (Kulindwa, 2000; UN-

WATER, 2005; Kashaigili et al., 2007; Oyebande et al., 2001; Mango et al., 2011a; Mutiga 

et al., 2010; Speed et al., 2013). The fact that the 2030 Agenda on Sustainable Development 

Goals (SDGs) asserts the importance of water in meeting the global goals, makes it 

paramount that appropriate measures in terms of rational water allocation planning and 

equitable water management are implemented (UN, 2015). For example, in Kenya the per 

capita annual freshwater availability has been declining. In 1963 the per capita water 

availability was 1853 m
3
 and dropped to 647 m

3
 in 1992 and due to population growth and 

rise in socioeconomic activities, is projected to drop to 235 m
3
 in 2025 if no appropriate 

measures are put in place (UN, 2000; Mogaka et al., 2006; WRMA, 2012). This poses a 

water resources management (WRM) challenge. 

 

The Lake Victoria Basin which covers parts of Tanzania, Rwanda, Kenya and Uganda has 

an annual per capita water availability of over 1200 m
3
 which should still be considered 

water secure, but appears to be experiencing water challenges (Raburu et al., 2012; Rongoei 

et al., 2013). Of special interest to this study, is the Nyando River Basin in Kenya, a sub-

catchment of the Lake Victoria basin which experiences water availability problems under 

circumstances which are not well understood. Recent studies indicate that the Nyando River 

flows are declining and the basin experiences occasional water shortages, especially in the 

dry seasons (Kundu et al., 2009; Opere and Okello, 2011). The fact that regional studies 

show no appreciable changes in rainfall in the basin (Kizza et al., 2009; Raburu et al., 2012; 

Khisa et al., 2013; Rongoei et al., 2013) leads to the perception that the problem could 

partly be caused by water allocation and poor natural resources management. This 

perception is in line with a World Health Organization (WHO) report which shows that 

ineffective application of water allocation system and water usage can cause lack of water 

even in areas with plenty of rainfall and freshwater (UN-WATER, 2006; WHO, 2010; 

WHO, 2003).  
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As demands exceed supply an effective water allocation system becomes crucial. It is 

therefore imperative that the available water resources are effectively allocated, regulated 

and managed. It is against this background, that the study finds the need to examine the 

influence of water allocation on water resources management in the basin. Water being 

finite and vulnerable with social and economic values should be allocated in a sustainable 

manner to ensure the achievement of social objectives within the realms of economic 

efficiency (UN-WATER, 2006). The 2030 Agenda for SDGs points out that water is not 

being effectively allocated across many sectors, thus threatening availability of water in 

many basins (UN, 2015). Sustainability of water resources requires that the natural resource 

be prudently used, the ecosystems be protected to be able to serve future generations as 

well. However, the current patterns of natural resource use put to doubt the achievement of 

sustainability in water resources allocation and consumption (UN, 2005). This implies that 

if water is not equitably and sustainably allocated, and efficiently used then it may not 

satisfy the increasing societal water needs. 

  

To manage water resources effectively the status of water resources needs to be established, 

the uses to which water is put need to be determined and the challenges facing its 

management and provision to consumers also need to be identified (Rijsberman, 2006; 

UNEP, 2012; Groenfeldt, 2013). Lack of sufficient knowledge regarding the available water 

resources and limited understanding of the interactions between demand and supply 

hampers effective and sustainable water resources management (Bellamy, et al., 2005). 

There is therefore the need to determine water resources availability and water demand so 

as to provide a framework on which sustainable utilization of water resources can be based, 

and suitable social adaptive capacities developed to minimize threats to resource reduction. 

The guidelines for allocating, monitoring and controlling water resources are spelt out in 

the IWRM framework which, if implemented, can help achieve social equity and 

environmental sustainability (Garcia, 2008; Roderick, 2011; Sivapalan et al., 2012; Speed 

et al., 2013; GoK, 2015; Seyoum, 2015).  

  

The fact that the Nyando River Basin experiences water deficits puts to question whether 

water demands are adequately being met under the current water allocation system. Water 

availability problems experienced in the Nyando Basin could be caused by inappropriate 

use of water allocation systems and management which can be resolved by implementing 

IWRM strategies and planning. Water allocation planning provides a framework on which 
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sustainable utilization of water resources can be based and outlines procedures that ensure a 

sustainable balance between the various water needs including the environment within the 

limits of water resources availability (Oyebande, 2001; Speed et al., 2013). 

  

Another major resource management instrument is the use of water rights through 

permitting and metering systems. Permits and meters are instruments that promote 

reductions in water wastage and regulate the use of water to maintain a sustainable balance 

by ensuring that consumers abstract only their entitlements, and can also be used to ration 

water during scarcity (Van Koppen, 2003). However, the level of permitting and metering 

can contribute to water deficits through uncontrolled use of water.  

  

 Water allocation also encompasses the physical allocation of water, satisfying conflicting 

interests which depend on water and adaption techniques during scarcity. Although the 

intended objectives of most water sector policies and water allocation systems spell out 

strategies for improving water delivery to consumers, coping capabilities to extreme 

climatic events of most consumers and water allocation agencies appear to be relatively low 

(Folke, 2006). This is evidenced by great losses incurred during the extreme events, 

particularly during low flows when the water is scarce and during floods when water is in 

excess (Marshall, 2011; Mounir et al., 2011). The levels of the consumers’ social adaptive 

capacities can also influence water resources availability or contribute to the escalation of 

water shortages, particularly if low. Low level of social adaptive capacity of a community is 

an indicator of vulnerability, especially if it does not match the magnitude of water 

shortages (Turton, 1999; Turton et al., 2001; Berkes, et al., 2002). Adaptation is thus a 

procedural response to a threat, in this case, to an environmental condition, in such a 

manner as to reduce the level of the impending loss associated with the shortage (Smith et 

al., 2000). This means that effective water allocation systems and management should 

include some levels of preparedness in modes that make the consumers better prepared to 

manage their exposures to stresses caused by the resource deficiencies (Tompkins and 

Adger, 2004; 2005 Adger et al., 2005; Adger and Vincent, 2004). In the case of water, 

consumers’ inability to cope with the water deficiency due to inadequate resources; low 

incomes, low level water infrastructure and technology, and weak policies and legislations 

could also worsen the effects of water deficits (Kiteme et al., 1998; Ansink and Weikard, 

2009). For example, due to inefficient and ineffective response strategies, inadequate 

infrastructural development and lack of information about impending hydrological 
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extremes, low water deficiencies can result in heavy losses and socioeconomic disruptions 

(Turton, 1999; Mango et al., 2011b; Kashaigili et al., 2009). It is therefore imperative that 

the conditions for sustainable IWRM strategies for each water consuming sector to water 

availability challenges are examined. 

 

The Nyando River Basin presents a complex scenario of possible interplay between water 

resources and environmental management strategies, the current water allocation system, 

emerging policy issues and the increasing gap between met and unmet water demands. 

There is fear that if appropriate and timely measures are not taken then water scarcity in the 

Nyando River Basin may escalate to crisis levels. This is due to the fact that some major 

rivers have dried up under circumstances that are linked to poor allocation and resource 

management (Lankford et al., 2004; Kashaigili et al., 2007; Falkenmark et al., 2008; 

Sivapalan et al., 2012). It is therefore important to determine the major causes behind water 

shortages in the catchment including the possible link between the current water allocation 

system and the increasing unmet water demands to enable long term sustainable WRM 

strategies to be formulated. 

  

1.2 Statement of the Problem 

 

The effects of water allocation systems on regional hydrology are still not fully understood 

in most regions of the world, especially at local scales and particularly in Sub-Saharan 

Africa (SSA). Inappropriate application of water allocation systems and ineffective water 

resources management have caused some rivers the world over to dry up while many others 

have become seasonal (Radif, 1999; Syme et al., 1999; Gourbesville, 2008; Mutiga et al., 

2010; Sivapalan et al., 2012). For instance, Usangu River in Tanzania and the Yellow River 

in China (Kashaigili et al., 2005; Yang et al., 2009; Speed et al., 2013) have dried up due to 

ineffective water resources management. Unsustainable water management practices 

continue to diminish per capita water availability in several basins demonstrating the 

urgency of implementing IWRM strategies in river basins where water demands are rapidly 

growing and the available water resources dwindling (Andersen et al., 2005; Speed et al., 

2013). In basins such as one located in Murrumbidgee River in Australia where water 

reallocation has been implemented, heavy resistance was met (Syme et al., 1999; Sivapalan 

et al., 2012; Speed et al., 2013). Studies show that achieving sustainability may not be 

possible with the current trends of water resource consumption particularly in basins with 
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no water allocation plans (WAPs) and IWRM strategies in place (UN-WATER, 2006; 

Mutiga et al., 2010). Basins with no WAPs have no way of implementing rational water 

sharing arrangements between competing users and curbing over-abstraction for sustainable 

water use (WWAP, 2009; Mutiga et al., 2010). In some river basins water availability is 

already restricting some development activities and the available alternatives to improve 

the water situation are increasingly diminishing (Swatuk, 2005). Thus, unless new 

approaches to water management are devised, water conflicts may ensue (Van der Zaag and 

Bolding, 2009; Weragala and Neelanga, 2010; Speed et al., 2013; Van Koppen and 

Schreiner, 2014). Moreover, a number of basins in SSA have experienced water related 

conflicts and crises consequent of diminishing water resources and the use of ineffective 

water allocation systems (Wester, 2002; Wester et al., 2000). The situation is more acute in 

Somalia, Malawi, Rwanda, Burundi, Kenya, Cape Verde and Djibouti where projections 

show per capita water availability to fall below 500 m
3
 by 2025 (UN, 2000, Oyebande, 

2001). In Kenya the situation looks grave; studies have projected that the per capita water 

availability will drop to 235 m
3
 by the year 2025 (UN, 2000; WRMA, 2009b). This makes 

it imperative that strategies for dealing with water scarcity are put in place. However, the 

Nyando River Basin water issue is a puzzle because the per capita water availability of 

1200 m
3
 per annum shows it should still be water secure and studies show no reductions in 

rainfall, yet occasional acute water shortages are experienced. According to Falkenmark’s 

water stress index values (cited in Sullivan, 2002, Table 1.1), the catchment’s water 

resources endowment of about 1200 m
3
 per capita annual water availability confirms that 

the catchment is not physically water scarce.  

 

Table 1.1: Falkenmark’s water stress index values 

Stress level Water endowment (m
3
/cap/year) 

No stress > 1600 

Water stress 1000-1600 

Water scarcity 500 -1000 

Water barrier- Chronic water scarcity < 500 

Source: Sullivan, 2002 

 

The Nyando River Basin appears to have experienced changes in natural resource use 

including water and land. However, of the studies that have been conducted in the basin, 

none has comprehensively and quantitatively examined the available water resources, the 

effects of water allocation and management on the available water resources, and the extent 
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to which IWRM principles are implemented in the basin (Njogu, 2000; 2002; Onyango et 

al., 2005; Dienya, 2007; Swallow et al., 2006; 2007; Odada et al., 2009; Olang and Fürst, 

2010; Raburu et al., 2012). It is therefore pertinent that future water allocation plans and 

management strategies are formulated, developed and implemented under the principles of 

IWRM. 

 

1.3 Research Objectives 

The core objective of this study was to assess the effects of the existing water allocation 

system on sustainable water resources management. Such understanding will form the basis 

of improving the water allocation systems and enhance socioeconomic and ecological 

services derived from rivers. 

1.4.1 Specific objectives 

i. To establish the current water availability and use of water resources in the Nyando 

Basin. 

ii. To evaluate the impacts of water allocation on water resources.  

iii. To establish the level of compliance with environmental flow requirements in the 

basin. 

iv. To determine sustainable water resources management strategies for the Nyando 

Basin. 

 

1.4 The Research Question 

Based on document review the annual water availability per person in the Nyando River 

Basin is about 1200 m
3
, which categorises the basin currently as having no scarcity. 

However, the situation on the ground shows occasional water deficits which sometimes 

culminate in water rationing or even banning some water uses particularly for irrigation. 

This puts to doubt the effectiveness of the water allocation system in the basin in delivering 

adequate and sustainable water availability to the various water consuming sectors. The 

main question is whether the current water allocation system ensures equitable and 

sustainable access to water resources by all consumers. It appears that the occasional water 

shortages experienced in the basin is due to the failure of the water allocation agency to 

balance the various demands with the available resources (Wurbs, 2013). 

 

Studies have shown that water stress situations take long to be realised (Adgolign et al., 
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2015) and the fact that it is already evident that the basin experiences water challenges 

(Opere and Okello, 2011; Khisa et al., 2013; Rongoei et al., 2013) calls for intervention to 

avert likely water crises.  

1.5 Justification of the Study 

The availability of water resources to support socio-economic activities is threatened by the 

current water consumption patterns. There appears to be an imbalance between abstraction 

and the available water resources leading to over-abstraction which may culminate in water 

crises if not addressed in time. Water crises lead to loss of ecosystems, loss of welfare, 

reduced socioeconomic activities and enhances poverty (Mazvimavi et al, 2007; Giacomelli 

et al., 2008; Kashaigili et al., 2007; Kundu et al., 2009; Mango et al., 2011a; Mutiga et al., 

2010; Vorosmarty et al., 2010; Marshal, 2011; Ojekunle et al., 2011; Sivapalan et al, 2012). 

The rapidly growing and changing water demands are increasingly piling pressure on the 

available water resources necessitating appropriate interventions to generate alternative 

solutions (Rockstrom et al., 2009; UN-WATER, 2012; UN, 2015). 

 

In the Nyando River Basin signs of water shortages have emerged; wetlands which are 

sustained by this river are shrinking and the river flow pattern appears to be changing 

(Raburu et al., 2012; Khisa et al., 2013; Rongoei et al., 2013). Consequently, the survival of 

about one million people that depend on the Nyando River for water supply is under threat. 

A number of socioeconomic activities such as agriculture and industrial production are 

threatened. It is suspected that the river flow regime may have changed (Raburu et al., 

2012). High variability in spatio-temporal flows which are at variance with socio-economic 

demands has been reported (Opere and Okello, 2011). As such if no intervention measures, 

particularly allocation and the natural resource management are undertaken, then water 

crises may ensue. This study attempts to provide solutions to water scarcity problems 

bedevilling most basins and aims at improving understanding of the importance of water 

allocation as an integral component of integrated water resources management.  

 

1.6 Structure of the thesis 

This thesis is composed of eight chapters as outlined below. All the chapters, except one to 

three, contain an introduction, methodology, analysis and results except for chapter eight 

which contains the summary, conclusions and recommendations of the study.  

Chapter 1: Introduction  
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This chapter outlines the background of the study, discusses the problem statement, the 

justification of the study and the objectives of the study. It outlines the increasing water 

availability problems experienced in basins owing to socioeconomic changes, natural 

resources management and increasing water demands. It states the expected outcomes and 

their significance to the basin. 

Chapter 2: Literature review 

This chapter outlines key research findings undertaken from literature review on various 

studies. It also outlines water resources management challenges faced in various basins and 

alternative solutions proposed by various studies for effective and sustainable water 

resources allocation and management. The chapter also outlines water systems models used 

in IWRM and some modelling techniques used to simulate likely changes in watershed 

management including the effects of external impacts of socioeconomic activities and 

climate on sustainable water availability in basins. It also reviews environmental flow water 

requirements. 

Chapter 3: The study area and data 

In this chapter the study area together with the physical features and climate are described. 

The chapter also describes the various data used, the sources of the data and the methods 

used to analyse the data. It describes the WEAP model, the empirical formulation, its 

application and the schematic development for the study area. 

Chapter 4: Assessment of water resources status in the basin 

In this chapter the various water demands in the basin are estimated and evaluated against 

the available water resources to determine whether the available water resources can 

support and sustain the current and future water demands including EFRs within the basin.  

Chapter 5: Evaluation of the impacts of water resources allocation in the basin  

This chapter evaluates the effects of the likely future changes in water demand and the 

effects of selected water allocation scenarios on the available water resources by applying 

the Water Evaluation and Planning (WEAP) model. The main water demand sites are 

identified and the level of access to water by all the consumer groups in the basin is 

established and future water needs projected. This objective aims at helping in developing 

strategies for sustainable water availability.  

Chapter 6: Effects of the current water allocation on environmental flows in the basin  
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This chapter examines how the current water allocations affect satisfaction of 

environmental flow requirements. 

 

Chapter 7: Sustainable IWRM strategies in the Nyando Basin  

This chapter examines IWRM strategies in the Nyando Basin, their level of implementation 

and challenges if any. Finally the study proposes specific improvements and considerations 

to water resources management.  

Chapter 8: Conclusion and recommendations for further research 

This chapter summarises the contributions of this study and recommends further potential 

research areas. It outlines major research findings and highlights the model limitations and 

challenges faced in data acquisition.  
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CHAPTER 2 

LITERATURE REVIEW 

 

This chapter outlines key research findings from research conducted in different basins including 

water resources management challenges faced in various basins and alternative solutions proposed 

by various studies for sustainable water resources management. The chapter also outlines modelling 

techniques and some water resources systems used in IWRM for evaluating the impacts of water 

resources management in basins. Also reviewed are water allocation policies, legislations and 

institutional arrangements. Further, the current level of the sustenance of environmental flows to 

preserve the ecosystem integrity and the river health is reviewed. 

 

2.1 Introduction 

The delivery of adequate water is already a common problem in many river basins. 

Traditionally water allocation has been done on the basis of social criteria whereby states 

invest in supply infrastructure to ensure continued water availability for various demands 

and uses (Bangash, et al., 2012). However, this has since changed because of the increasing 

water needs and the adoption of ineffective water allocation systems that have significantly 

reduced available water resources to scarcity levels in several regions (GWP, 2000; Bates et 

al., 2008; Mati et al., 2008; Vörösmarty et al., 2010; Ansari, 2013). In many river basins 

water demand already outstrips supply and many more are projected to experience the same 

(Gourbesville, 2008; Van der Zaag, 20005; 2007; UN-WATER, 2012). 

 

Studies by Alcamo et al (2007) and Vörösmarty et al (2000; 2010) predict that some basins 

in the Sub-Saharan Africa (SSA) will face water deficits due to inappropriate application of 

water allocation systems and poor natural resource management (Molle and Berkoff, 2007). 

The situation raises concern in SSA where more than 60% of the people depend on limited 

water resources that are highly variable (UN, 2010). Water allocation therefore becomes a 

structured medium meant to apportion the available water resources fairly, equitably, 

economically and sustainably to different consumers to avoid scarcity and conflicts (Syme 

et al., 1999; Davis and Threlfall, 2006; Wang et al., 2008; Bangash et al., 2012; Speed et 

al., 2013).  
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2.2 Water resources management challenges 

During the past century, the global demand for water increased six fold; irrigation takes up 

about 70%, industry 20% and domestic water use 10%. These have piled pressure on the 

available water resources and have had major implications on water resources management 

(Ashton, 2002). For example, globally 50% of the wetlands and 20% of freshwater 

ecosystem species have become extinct and some previously perennial rivers have become 

seasonal and others no longer reach the sea (Gourbesville, 2008). Some of these challenges, 

particularly in SSA, have been aggravated by the following: 

i. Catchment degradation; depletion and degradation of forests and 

freshwater sources have caused water availability problems in several 

basins (Mungai et al., 2002; Mango et al., 2011a; Mutiga et al., 2010; 

Katana and Ucakuwun, 2013).  

ii. Application of inefficient irrigation systems. The fact that irrigation 

consumes substantial amounts of water implies that irrigation 

infrastructural developments have major implications on other water 

uses such as urban, industrial and instream uses. Most irrigation projects 

in SSA are managed under weak operating policies; poor physical 

infrastructure, inadequate institutional capacities and lack of 

enforcement of permit conditions for water abstractions, as such 

constrain efficient performance of irrigation systems and lead to high 

water wastages.  

iii. Inefficient water use; lack of proper water pricing policy to reveal the 

true value of water and serve as an incentive for efficient water use, thus 

encourages high wastage threatening ecological integrity.  

iv. Changes in the patterns of water consumption brought about by rural / 

urban migration, rising standards of living and the marginalised water 

consumers ending up paying much more than those served directly by 

public piping systems.  

v. Most basins lack proper water reallocation mechanisms in case of 

unforeseen shortages and varying demands. For example, there is need 

to satisfy the rising urban and industrial water demands, and to sustain 

EFRs (Gourbesville, 2008).  

vi. Weak laws and regulations, and dysfunctional institutions hinder effective 
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WRM (Bhat and Blmquist, 2004; Hofwegen, 2001; Mumma, 2007).  

vii. Poor land use management, lack of proper conditions for sustainable 

natural resource use and laxity in rule application and enforcement to 

deal with poor natural resource management promotes inequitable and 

unsustainable use of water and related conflicts (ICRAF, 2000; 

Vorosmarty and Sahagian,2000; Ong and Orego, 2001; Swallow et al., 

2001; UNEP, 2002; UN, 2005; Ngigi, 2006; Mundia and Aniya, 2006; 

Mumma, 2007; Marshall, 2011; Olang and Kundu, 2011; Olang et al., 

2011)  

viii. Lack of adequate water infrastructure; lack of water storage facilities, 

poor maintenance of the current water supply facilities and inadequate 

water source protection (Krhoda, 1988; 1996). Low maintenance leads 

to high non-revenue water (NRW) through leakages, (Kiteme and 

Gikonyo, 2002; Mutiga et al., 2010).  

ix. There is substantial underdeveloped potential in SSA. For example, 

under similar climate variability, in Australia water storage capacity per 

person is 5000 m
3
, while in Ethiopia per capita water storage is only 45 

m
3
 (World Bank, 2004). For example, Kenya needs over 3.4 billion m³ 

of water storage to ensure reliable water supply, but currently has less 

than 4% storage of her total water requirement (UN-WATER, 2006; 

WRMA 2009a).  

 

The pressure being exerted on land and water resources implies that the natural resources 

may continue to be degraded if the trend remains unabated. Natural resources are virtually 

being over-exploited and, over time, these natural resources have begun to show signs of 

stresses. The question is what the future scenario in the advent of worsening water scarcity 

will be.  

 

2.3 Water allocation 

Water allocation is the process through which water is apportioned to different consumers 

from a common pool resource (Roa-Garcia, 2014). Thus, water allocation is the method of 

establishing how much water each consumer is entitled to from a specific location, at a 

specified time, and for a specified purpose (Manzungu et al., 1999; Mul et al., 2011; Speed 
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et al., 2013). In situations of water scarcity, water allocation becomes a vital instrument for 

delivering fairness, equity and sustainability in apportioning the available water resources 

to different consumers (Syme et al., 1999; Lankford et al., 2004). Water scarcity is the ‘the 

gap between the demand for freshwater and the available supply under the prevailing 

institutional arrangements and infrastructural conditions’ (UN, 2012). Scarcity occurs when 

demand exceeds the available supply, hence the need for appropriate water sharing 

arrangements (Dinar et al., 1997; Loeve et al., 2004; Mutiga et al., 2010; Sivapalan et al., 

2012). Water allocation is a necessary tool as it can be used to limit developments to the 

available water resources by balancing the demands and the available supply to avoid any 

shortfalls and conflicts (Speed et al., 2013). The Nyando River Basin has experienced 

population growth rate of more than 3% and substantial economic development since the 

1980s with commensurate increased sectoral water demands (Agol, 2014). This has piled 

pressure on the available natural resources, particularly water, with threats of diminution 

(Opere and Okello, 2011; Khisa et al., 2013; Rongoei et al., 2013). The fear is that if an 

appropriate water allocation system is not effectively applied and IWRM strategies 

implemented in the basin, then demand may outstrip supply and a water crisis may ensue. 

In Kenya water is allocated to users through water rights (permits).  

 

2.3.1 Water rights 

A water permit is an authority to draw a pre-determined amount of water from a common 

pool resource, from a specific location, for a specified purpose at a defined time 

administered under the concept of efficiency and sustainability (Dinar et al., 1997; Van 

Koppen et al., 2004; Meinzen-Dick and Pradhan, 2005; Meinzen-Dick and Nkonya, 2007; 

Gallego-Ayala and Juízo, 2011; Grossman, 2012; Lawford et al., 2013; Comino et al., 2014; 

Fu et al., 2014). Water rights can be issued under prior appropriation rights, riparian water 

rights or under administrative disposition rights.  

 

The riparian doctrine is based on the concept that water permits are tied to the ownership of 

lands adjacent to streams. The riparian doctrine confers rights to those who own land next 

to rivers to divert specified amounts of the flow for use (Ausness, 1978). Under the riparian 

doctrine, water rights are property rights hence are tied to riparian land ownership. All 

riparian water users often have the same priority; no senior or junior water rights (Seyoum, 

2015). During times of water shortage all riparian water allotments are adjusted in 

proportion to frontage on the water course to allow sharing of the available water resources. 
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Under the riparian doctrine equity is confined to riparian land owners hence are less 

responsive to new demands placed on the water resources. 

 

The prior appropriation doctrine aims to protect senior water users in such a way that their 

water entitlements are not diminished by newcomers. Under prior appropriation rights, 

water permits are granted on first-come first-served basis whereby earlier granted rights 

take precedence over new applicants (Ausness, 1978, Aiken, 1988). Newcomers have a 

subordinate water right and their entitlements are subject to variation including being 

denied the use of water subject to water availability to meet all the consumers’ needs 

(Seyoum, 2015). Seniority of rights is based on the chronological order in which the rights 

were obtained, “first in time means first in right” (Aiken, 1988). The appropriative doctrine 

is suitable when major physical water diversions and withdrawals are envisaged, like in 

cases of irrigation, municipal or industrial uses. However, under this doctrine, inefficiency 

and inequity arise due to unequal sharing of risks among the users of a river during scarcity; 

priority gives senior appropriators the advantage of bearing less risk than junior 

appropriators by protecting their rights (Leonard and Libecap, 2015). However, with the 

advent of storage for major water users, direct withdrawals during scarcity have 

significantly reduced, thus have had a profound impact on the doctrine. This is because 

during scarcity there is back-up from storages thus further diminishing the practical 

importance of appropriation doctrine.  

 

In an administrative water disposition, the state creates a regulatory body to administer 

water. The goal of an administrative allocation is to promote social objectives including 

water and food security, and equity across sectoral water users or regions (Yerushalmi, 

2011). However, some studies argue that administrative water allocation is subjective, 

politicised; does not provide an incentive structure for efficient water utilisation (Dinar et 

al., 1997; Holden and Thobani, 1996). Instead it sets regulations and draws out penalties for 

defaulters, but lacks the resources to enforce compliance or motivate the field staff who 

oversee water abstractions. Under administrative disposition, the emphasis is on the 

provision of water equitably to all consumers including the poor, regardless of their  

financial capability to buy water due to water being a basic right (Dinar et al., 1997). 

However, administrative water disposition has been faulted for not being consistent with 

efficiency objectives (Roa Garcia, 2014). Low water tariff structures and subsidies which 

are the main drivers of social responsibilities in administrative water disposition promote 
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inefficient water use, thus impact on sustainable water availability.  

 

In the new water management order of IWRM in which the core principles are equity, 

efficiency and sustainability, water allocation appears to take a new dimension. For 

example, prior appropriation doctrine is rigid and has failed to adequately adjust to 

societies’ evolving values (Seyoum, 2015). This is evident in the vast bulk of water still 

allocated to agricultural uses like in the Otago Region in New Zealand and the Ewaso Ngiro 

basin in Kenya, despite the glaring need for supplementary water to the growing cities and 

urban set ups (Davis and Threlfall, 2006; Mutiga et al., 2010; Seyoum, 2015). There is also 

fear that the high demand for water to various increasing economic activities can cause an 

over-appropriation of the water resources and cause depletion of river flows, which indeed 

has been experienced in the Usangu and Ewaso Ngiro basins (UN-WATER, 2006; 

Kashaigili et al., 2009). Similarly, environmental flow requirements (EFRs) have also 

become a major water consumer with priority rights to the use of water resources as 

emphasised by both IWRM and Sustainable Developmental Goals (UN, 2015). All these 

developments necessitate a re-evaluation of the doctrine to suit the current water resources 

management. 

 

The water permit or license-based allocation system appears to moderate the two doctrines. 

In the permit-based system water permits or licences are issued for a specific period, mostly 

five years, to allow for periodic re-evaluation of the permit to ensure resource availability 

and to determine whether the allocated water is still being beneficially and reasonably used 

(WRMA, 2009b). The permit allocation through elaborate frameworks; water allocation 

plans (WAPs) are increasingly being adopted. 

 

2.3.2 Water allocation plans 

A water allocation plan (WAP) is a tool for achieving sustainable use of water within a 

basin (Speed et al., 2013). WAPs pertain to planning for water allocation and sharing in a 

manner that meets the varying and increasing human water needs. WAPs are frameworks 

for water allocation and abstraction prepared by water allocation agencies together with the 

stakeholders within basins.  

 

Water allocation plans are developed with the knowledge that the availability of water 

varies spatially and temporally and that abstractions (demands) and allocations should 

match the available water resources (Barker and Kirmond, 1998; Kinoti et al., 2010; Allen 

http://etd.uwc.ac.za/



 

17 

 

et al., 2011; Wurbs, 2013; Droogers and Terink, 2014). WAPs mainly aim to protect the 

environment and equitably share the available water between competing uses and users, and 

ensure the availability of the resource for future needs and users (Biswas, 2008a and b). 

WAPs define rights and priorities in cases of shortages and adjust consumption depending 

on the magnitude of the anticipated potential shortage. WAPs provide water allocation 

guidelines for regulating and monitoring permitted water allocations to enforce economic, 

social and environmental compliance by the consumers to avoid over-abstraction and water 

related conflicts (Wurbs, 2013).  

 

WAPs ideally outline volumetric pricing for the quantity of water delivered and thus not 

only enhance efficiency in water use by various consumers but also instil in the consumers 

the confidence of appreciating the economic value of water. WAPs should ideally use 

economic instruments like permits and metering to ensure that the available resources are 

equitably and sustainably shared among consumers and uses (Speed et al., 2013). A WAP’s 

effectiveness as a WRM tool is that it is developed and collectively implemented by all key 

stakeholders and consumers and strives to achieve sustainability (Davis and Threlfall, 2006; 

WRMA, 2012; Speed et al., 2013). For example, in the Lake Naivasha Basin the 

implementation of a WAP enabled a reduction in water abstraction to irrigation by 10% to 

be achieved in two years (WRMA, 2010, De Jong, 2011). The allocation agency limited any 

further increase in water allocation to the existing irrigators. This enabled the expansion of 

irrigated areas achieved through improved efficiency in water utilisation. New permits were 

issued subject to implementation of high water use efficient technologies (WRMA, 2012). 

Given that in the Lake Naivasha basin, the WAP aimed to enhance water use efficiency by 

between 25 and 50% in the existing farms; this meant substantial reduction in the overall 

abstraction of water. WAPs are unique to a basin due to various socioeconomic activities 

and varying water availability and demands.  

 

WAPs can fail when consumers do not comply with the water allocation requirements and 

the water allocation agency fails to enforce the allocation plan. Lack of public support due 

to inadequate knowledge of WAPs and their benefits can be barriers to compliance and 

enforcement. This happens when public participation is not sought at inception (De Jong, 

2011). However, in a number of basins in SSA the main challenges to achieving 

sustainability regarding managing water resources are lack of WAPs, policy shifts in 

managing the resource and weak enforcement policies on water use (Vorosmarty et al., 
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2010; FAO, 2012).  

 

2.4 Integrated water resources management 

According to GWP (2000); Saravanan (2009) and Haigh et al., (2010) “Integrated water 

resources management (IWRM) is a process that enhances the co-ordinated development 

and management of water, land and related resources, in order to maximise the resultant 

economic and social welfare in an equitable way without compromising the sustainability 

of vital ecosystems”  

 

2.4.1 Concepts and Principles of IWRM 

The ideals of IWRM recognise the basic tenets on which successful water management and 

allocation must be based including water being determinate and susceptible, participatory 

approach and the role of women. IWRM offers an elaborate framework which makes it 

possible to achieve social equity, economic efficiency and ecological sustainability (GWP, 

2000; Cardwell et al., 2006; Anderson et al., 2008; Savenije and van der Zaag, 2001;2002; 

2008). IWRM is thus a tool for optimising water use for sustainable development; 

strengthening water governance institutions and promoting effective resource management 

decisions in line with the varying water needs (UN, 2005; Gain and Schwab, 2012; GWP, 

2000; Gupta et al., 2005).  

 

Integrated water resources management is meant to sustain social objectives while ensuring 

hydrological and ecological integrity (ICWE, 1992; GWP, 2000; UN, 2005; Anderson et al., 

2008; Saravanan, 2009; Ouled et al., 2010; Engle et al., 2011; Benson and Rouillard, 2015). 

IWRM aims to achieve resource protection alongside meeting ecological and social needs 

and fostering economic development (GWP, 2004; Gupta and Van der Zaag, 2008; Medema 

et al., 2008; Savenije and Van der Zaag, 2008) 

 

The principle of equity pertains to social needs and asserts that water is a basic need and a 

human right, hence should be equitably accessed by all humans (Gleick, 1999; Savenije and 

Van der Zaag, 2008). Moreover, water being a public good makes most Water Acts vest it in 

the state to ensure its availability to all (Beck and Walker, 2013). In any case, even the 

agenda on sustainable development goals (SDGs) emphasises on the implementation of 

IWRM at all levels to ensure equitable access to safe drinking water at a reasonable cost for 
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all (UN, 2015). Kenya’s Vision 2030 also recognises water as the medium through which 

the national social obligation of alleviating poverty and realising food security is to be 

achieved (MWI, 2007).  

 

2.4.2 Water as an economic and a social good 

The fourth principle of the Dublin statement recognises water as an economic good 

implying that water in its uses should have a price tag (ICWE, 1992; GWP, 2000). Studies 

have shown that water pricing can improve allocation and water use efficiency as long as 

there are appropriate management instruments to achieve economic efficiency in water 

usage, and an enabling environment through legislation and policies to address equity 

issues and sustainability (Rogers et al, 1998; Rogers et al., 2002; Jonch-Clausen, 2004; 

GWP, 2005; Placht, 2007). When water is considered as an economic good implies 

subjecting water to some appropriate value that would avoid overuse and inefficient use, 

but still ensure social equity and affordability to the poor (Briscoe, 1996; Yuling and Lein, 

2010). Proper water tariff structures encourage efficient use of water and give water an 

economic value (Briscoe, 1997; GWP 2000). Some studies have proposed progressive 

pricing whereby basic needs are affordable for everyone and any other uses in excess of 

basic needs be subjected to the market forces (Ako et al., 2010). Studies have recommended 

per capita access to a minimum of between 25 and 40 litres of high quality water to sustain 

basic human needs (Gleick, 1999). Water allocation efficiency should ensure the most 

economic returns per unit volume of water used for purposes other than basic human needs 

and EFRs. In other words, water allocation ought to give priority to more beneficial uses, 

particularly those that derive maximum benefits for each unit volume of water allocated 

(Savenije and van der Zaag, 2002; Roa Garcia, 2014).  

 

The compromise value agreed is compatible with the traditional public sector operating 

principles of subsidisation and social equity orientation. Otherwise, for sustainability of the 

resource the cost of water and its value should balance. In other words, sustainable value in 

use must equal the full cost. However, implementing full-cost recovery limits the state roles 

in intervening in local arrangements that ensure the achievement of social equity goals in 

water allocation and use (McInnes, 2010; Roa Garcia, 2014). 

 

In liberalised economies where the economic aspects of water take precedents equity issues 
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tend to be overshadowed. In times of deficits, the price of water increases beyond the 

financial ability of the lower income groups hence exposes them to the many ills associated 

with its absence (Dinar et al., 1997; Gleick et al., 2002). However, offering subsidies can 

also lead to inefficient use of the available water and result in reduced overall water 

availability defeating the objective economic principle. The challenge then is how to obtain 

the most value from available water, while ensuring that all humans get adequate clean 

water to meet the basic needs including the poor who may be financially challenged in 

terms of meeting the actual cost of water. 

 

According to Gleick et al. (2002) the method of water pricing where charges for the 

physical water connections are subsidised by the state and the actual volumetric water used 

is charged on the consumers allows the basic water requirements of the poor to be satisfied, 

and at the same time encourages the economic commodification of water. However, the 

implementation of efficiency principle in WRM requires improved infrastructure and strong 

institutions with elaborate monitoring and enforcement frameworks, which appear to be 

lacking in most basins in SSA (UN-WATER, 2006). Allocating water as an economic good 

with full cost recovery still needs huge public budgetary support, which if subjected to 

economy of scale without ensuring equitable access to water, stands to deprive the poor of 

the reasonable use of the resource (Rogers et al., 2002).  

 

The public water disposition has been a social obligation in most developing countries, and 

the governments sustained water supplies through huge subsidies that retained water prices 

and tariffs below the full-cost of supply thus contributed to large inefficiencies and water 

problems in the water sector (World Water Commission, 2000). Failure to balance 

efficiency and social equity appears to have impacted on water availability, and more so, 

with the rapidly increasing demands amidst dwindling economies. However, the integrated 

approach of water resources recognises pricing as a major component of improving the core 

values of IWRM; equity, sustainability and efficiency in the resource use (Rogers et al, 

2002). Proper pricing of water changes consumption preferences, motivates consumers to 

use water much more efficiently and improves in-stream water availability by decreasing 

demands on the resource base (Rogers et al., 2002). 

 

2.4.3 Ecological integrity 

Sustainable water resources require a natural environment which is able to regenerate 
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sufficient fresh water which  can allow the present human water needs to be met and still 

preserve the environment to meet the future needs as well (Hasna, 2007; Valverde, 2008; 

Van der Zaag and Gupta, 2008). This concept promotes broad stakeholder involvement in 

decision-making as an essential component for attaining sustainable development, 

environmental quality and social equity (Davis and Threlfall, 2006; IUCN, 2006). 

 

 

2.4.4 Stakeholder participation 

Stakeholder participation is a vital component in consensus building or procedural justice 

especially in managing common pool resources like water and other natural resources 

(Dungumaro and Madulu, 2003; Adger et al., 2005; K’Akuma, 2008). The hypothesis is 

that if consensus is demonstrated, then the result is more likely to be positively 

acknowledged by a wider spectrum of consumers, especially the poor (Syme et al., 1999). It 

is in that context that Principle 2 of the Dublin statement recognises stakeholder inputs as 

key tools of ensuring equity and sustainability in water resources management (GWP, 2000; 

Thomas and Durham, 2003; Cavaye, 2004; Jonch-Clausen, 2004; Ako et al., 2010). A 

participatory approach sensitises stakeholders, gathers stakeholder views, concerns and 

values, and captures local knowledge for incorporation in decision-making and policy 

formulation, thus involves the community in natural resources and promotes good 

governance and poverty alleviation (Jaspers, 2003; Giupponi et al, 2006; Ako et al., 2010; 

Howard, 2004; Kujinga and Manzungu, 2004).  

 

In some basins stakeholder participation has reached the level of cooperative management. 

For example, in the Lake Naivasha basin, consumers initiated water allocation planning and 

management after incurring massive losses in crops, livestock and general livelihood due to 

recurrent water scarcity (WRMA, 2010; De Jong, 2011; Kujinga, 2002). In other words the 

stakeholders were brought together by a common problem which they felt needed their 

pooled efforts. Public involvement is also vital in granting water permits, consultation, 

review and approval and resolving of resource related disputes (WRMA, 2009a). An IWRM 

conceptual framework offers a platform for defining the complex water issues by 

incorporating stakeholder views and inputs at catchment levels (Grigg, 2008). Thus, 

stakeholder involvement is vital as it incorporates the conflicting aspirations of the different 
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members and promotes acceptance of the proposed management and water allocation 

strategies (Thomas and Durham, 2003; Bhat and Blomquist, 2004; Howard, 2004; 

Anderson et al, 2008). Stakeholder involvement in the planning and management of water 

resources is key in achieving IWRM objectives and identifying and developing appropriate 

institutional measures for effectively addressing existing or emerging resource management 

needs. These include mobilising the needed labour resources, enforcing resource protection 

through awareness creation, offering incentives for resource saving, collaborating with the 

government agencies and other organisations for equitable resource distribution and 

environmental protection (North,1990; Bandaragoda, 2006; GWP, 2000). 

 

Stakeholder involvement provides favourable grounds for collaboration in water allocation, 

use and management (Zenzanje and van der Zaag, 2004; Munyao, 2011). Stakeholder 

participation also helps coordinate and enforce the requirements spelt out in WAPs and 

raises the coping capability of consumers during periods of deficiency. 

 

The colonial governments in many countries in SSA introduced a centralised water 

management system which the independent states adopted, but eventually failed to achieve 

the intended objectives of ensuring sustainable water availability because it lacked support 

at the grassroots (Seyoum, 2015). There is a reverse; shifts to some extent, to a 

decentralised and participatory approach with some level of involvement of stakeholders 

and communities in natural resource management, a move towards embracing IWRM 

principles (Seyoum, 2015). 

 

The achievements of stakeholder participation have been dismal in some basins in what 

appears to be partial implementation of IWRM principles on stakeholder involvement either 

by omission or commission. For example, studies show that some governments are not keen 

in adopting a participatory approach, conflicting institutional roles; some project officials 

are not ready to collaborate with the beneficiaries and other stakeholders; weak stakeholder 

identification, inadequate consultations and representation in water resources management 

forums  and weak regulatory frameworks for water resources management have deterred 

local participation in IWRM in some basins (Manzungu, 2002; 2009; Tapela, 2002; 

Komakech, et al, 2011; 2012).  

 

The aim of an all-inclusive approach to resources management has been to curb over-
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exploitation and degradation of natural resources which have affected water resources 

availability in catchments (WRMA, 2009a). In that regard, the Water Acts for Zimbabwe, 

Tanzania, Uganda, Kenya, and South Africa uphold an all-inclusive approach, particularly 

the recruitment of Water resources users’ associations (WRUAs), to natural resource 

management in achieving a more equitable access to water resources, reducing water use 

conflicts, helps in addressing gender disparities in resource management and contributing to 

demand-driven management of water resources (Munyao, 2011). However, in practice 

stakeholder identification is weak, those who pose as water users associations (WUAs) 

representatives in stakeholder consultative meetings in many cases are imposters and do not 

represent the actual water users. As such the actual stakeholder interests are neither 

addressed nor protected (Manzungu, 2002). The fact that the stakeholder identities are not 

ensured compromises their participation in implementing IWRM strategies as appears to be 

the case in some basins (Tapela, 2002).  

 

Many water management agencies in SSA have purposely fallen short of fully embracing 

stakeholder participation in the water sector reform processes thus impeding the successful 

implementation of IWRM strategies in the basins. While many Water Acts such as in South 

Africa and Zimbabwe ensure neutral platforms for stakeholder dialogue and engagement in 

the reform processes, the actual grassroots stakeholder engagement has been ineffective and 

sometimes stage-managed (Chikozho, 2008; Nare et al., 2011). This is because 

decentralisation tends to be de-concentration, a mode that retains the status quo by forcing 

pre-determined ideas on the participants; government officials continue to subdue and 

exclude the genuine stakeholders at river basin levels, thus misrepresenting stakeholder 

interests and deterring systematic transfer of knowledge to the grassroots level, which is the 

core of implementation of IWRM strategies (Chikozho, 2008).  

 

2.5 IWRM in Kenya 

The Kenya National Water Policy (WRMA, 2009a, Water Act, 2002) recognises that the 

IWRM approach to managing water resources contributes to coordinated decision-making in 

ensuring ecological sustainability and meeting the growing water demands within basins. The 

Kenya National Water Policy adopted IWRM principles to reform the ailing water sector 

which experienced water crises from time to time attributed to poor water resources 

management. The move culminated in the drafting of the 2002 Water Act which provided a 

legal platform for implementing reforms in the water sector (MWI, 2007). The policy and 
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institutional framework thus created favourable conditions for sustainable water sector 

development. For example, the reforms enabled the water allocation agency to formulate a 

new governance structure aimed at improving management and efficiency in service delivery, 

water utilisation, and sustainability of the available resources. 

 

The Water Act created Water Service Boards (WSBs) to offer water and sanitation services. 

Seven regional WSBs were created to administer water assets and ensure that they remain 

public property. Water Services Regulatory Board (WSRB) is the body mandated to 

supervise and regulate the activities of the WSBs and water service providers. The Water 

Act developed a management framework for the protection of Kenya’s water resources 

from national up to sub-catchment levels. At the national level WRMA is the lead agency 

mandated to direct the implementation of the policies across the relevant sectors.  

 

WRMA is charged with developing guidelines on how the available water resources should 

be assessed and allocated; by determining applications for permits for water use; 

monitoring and enforcement of compliance to permit conditions; regulation and protection 

of water resources and catchment areas from negative impacts; determining charges for the 

use of water from various sources; maintaining data base for all water users and permits 

and fostering collaboration with other stakeholders.  

 

At catchment level IWRM is implemented through Catchment Area Advisory Committees 

(CAACs). Catchment Area Advisory Committees comprising not more than 15 members 

are chosen from among (WRMA, 2009a): 

i. Ministries or public bodies dealing with water related issues in the catchment 

area; 

ii. Regional development authorities and local authorities within the catchment 

area; representatives from farmers or pastoralists within the catchment area 

concerned; 

iii. representatives from the business community operating within the catchment 

area; 

iv. Representatives from the non-governmental organisations dealing with water 

or related issues and programmes within the catchment area concerned; and 

v. Any other persons who are conversant with water and related matters in the 

basin. 
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A catchment area advisory committee is created to advise WRMA on water conservation, 

use, apportionment, permitting and any other matters that would promote proper 

management of natural resources. 

 

The actual water service delivery is, however, done by water service providers (WSP) who 

are appointed by WSBs to deliver water and/or sanitation services in specified areas. For 

example, in the Nyando River Basin the WSB has appointed two WSPs, one in the upper 

and the other in the lower catchment. At the consumer level Water Resources User 

Associations (WRUAs) are formed to enjoin communities in managing natural resources 

and conflict resolution (Figure 2.1). The case of the Nyando River Basin creates concern, if 

indeed the outlined water resources management reforms are implemented, then water 

problems experienced in the basin will reduce. Effective water allocation strategies should 

regulate water abstraction and use in a way that reflects inherent resource limitations and 

provide suitable guidelines on how to sustainably balance supply and demand (GWP, 2000; 

2009; Mounir et al., 2011; Srinivasan et al., 2012; Gallego-Ayala and Juízo  2011; Gallego-

Ayala,  2013). 

 

Figure 2.1: Water sector reforms institutional and management framework (WRMA, 2009a) 

 

2.6 Environmental Flow Requirements 

Uncontrolled off-stream water uses have resulted in over-abstractions and altered river-flow 

patterns necessary for environmental sustainability in a number of rivers. This has caused 
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ecological damage and loss of important ecosystem services necessary for the sustenance of 

the rivers in healthy functioning states (Richter et al., 2003; Richter et al., 2006; Naiman et 

al., 2002; Yang et al., 2009; Sivapalan et al., 2012; Speed et al., 2013).  

 

There is thus need to retain in the river a predetermined quantity of water; an environmental 

flow requirement (EFR) that will sustain the ecosystem and keep the river system 

functioning and fresh. Environmental Flow Requirement (EFR) is defined as ‘the quantity, 

timing, and quality of water flows required to maintain freshwater and estuarine ecosystems 

and the human livelihoods and well-beings that depend on these ecosystems’ (Brisbane 

Declaration, 2007). EFRs are thus flow regimes that maintain rivers at specified  ecological 

conditions (Dyson et al., 2003; Hughes and Hannart 2003; Mazvimavi et al., 2007; Ritcher 

and Thomas, 2007; King et al., 2008; Poff et al., 2010; Jha et al., 2014). Environmental 

flows are designed to mimic the natural condition of rivers including variability of flows 

(Arthington et al., 2006). Any over-abstraction or perception thereof, like that of the 

Nyando River (Opere and Okello, 2011) creates a concern due to the effects it has on long-

term sustainability and health of the river (Kashaigili et al., 2005; Akivaga et al., 2010; 

Ritcher et al., 2012).  

 

 

2.6.1 The nature of environmental flows 

The predetermined flow level to be maintained in a river is based on several factors 

including social, economic and environmental, and policies. For example, most of the 

enacted legislations explicitly provide for EFRs (Mazvimavi et al., 2007). In Kenya, the 

Water Act (2002) has given EFRs priority water rights alongside domestic water. The Act is 

explicit that besides the use of water resources to enhance social and economic 

development, river flows should also support riverine species and essential eco-system 

processes for sustainable water availability. The challenge is in achieving appropriate 

balance between the various sectoral water demands and the available water to cater for the 

environment (ICWE, 1992; IUCN, 2006). This entails ensuring that EFRs and basic human 

water needs are met before allocating water to any other uses.  

 

EFRs are determined according to the levels of ecosystem integrity desired by the society 

(King et al., 2003; Gippel et al., 2009). This is because in the ideal situation the natural 
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environment would require pristine flow which is not possible (Poff et al., 1997); as such 

some acceptable modification agreed by the society is done to the natural environment. The 

volume and quality of water allocated to EFRs may vary, and actually varies temporally and 

from one river to the other (Postel and Richter, 2003; Mathews and Ritcher, 2007). The 

challenge is ensuring whether the right quantities and quality of pre-determined flows are 

retained and sustained in the rivers (Postel, 1992; 2000; Smakhtin et al., 2006). It is hence 

imperative to determine the amount of water retained in a river to sustain EFRs alongside 

other environmental flow components. 

 

2.6.2 Methods for determining environmental flow requirements 

There are more than 240 different methods for determining EFRs (King et al., 2000; 

Tharme, 2003; Gordon et al., 2004). Each method strives to balance water demand with 

temporal water availability to stem over-abstraction of river flows (Vörösmarty et al., 2010; 

Sivapalan et al., 2012; Speed et al., 2013). The challenge has been ensuring that 

environmental flows are sustained. The methods fall under the following categories: 

Hydraulic rating, Habitat simulations, holistic methods and Hydrological index methods. 

 

Hydraulic rating methods use historical flow records and hydraulic geometry of 

watercourse channels in determining environmental flows. The Wetted Perimeter Method is 

the most popular hydraulic rating method. The wetted perimeter method links flow (wetted 

perimeter, depth, velocity) and habitat availability of identified biota. They are relatively 

simple to use, but being low-resolution have either been replaced by more advanced habitat 

modelling tools or assimilated into holistic methodologies (Jha et al., 2014).  

 

Holistic methods take into account both high and low flow components. Holistic methods 

adopt an ecosystem-based approach and determine environmental flows for the entire river 

ecosystem as opposed to the other methods which determine optimal water regimes for only 

one or a few species (Jha et al., 2014). Holistic frameworks integrate hydraulic, 

hydrological, and habitat simulation models. They try to restore and maintain the flow 

related biophysical components and ecological processes of in-stream systems. The most 

popular method in this category is the Instream Flow Incremental Methodology (IFIM). 

However, time, cost and expertise required limit their uses (Jha et al., 2014). 

 

Habitat simulation method: In this method hydraulic habitat-discharge relationships are 
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used to analyse the quantity and suitability of the physical river habitat for the targeted 

biota. They can be used to determine the effects of flow variations on instream uses, either 

for biological or recreational usage (Jha et al., 2014). They are complex but flexible in 

determining environmental lows. However, they are time consuming and costly hence 

unsuitable for basin wide estimation of EFRs, instead hydrological index methods are 

preferred (Jha et al., 2014). 

 

Hydrological or flow index methods have the advantage of low data requirements and 

quick overview on the level at which EFRs are required (Ritcher et al., 1997;2003; 

Acreman and Dunbar, 2004). The main inputs are historical hydrological flow records 

either as naturalised, monthly or average daily flow records which are analysed to derive 

the recommended environmental flows. The methods which include flow duration curve 

analysis, range of variability approach and the Tennant are simple to use, relatively rapid; 

non-resource intensive and the hydrological indices derived by these methods can be 

incorporated into other methods (Smakhtin et al., 2006).  

 

However, while these methods can be used to set annual, seasonal or monthly 

environmental flow targets, they do not sufficiently reflect the long-term full range of flows 

that is essential for sustaining river-dependent species and ecosystem processes (Tharme, 

1996; Arthington and Zalucki, 1998; Annear et al. 2004). In addition, studies show that to 

sustain river health and ecosystem integrity all environmental flow components are 

necessary, not just providing a single minimum flow component (Richter et al. 1997; 

Mathews and Ritcher, 2007; Jha et al., 2014).  

 

2.7 Water resources systems analysis 

Water balance enables planners to make realistic future water demand estimates against the 

potential water resources under projected climatic conditions (Mutiga et al., 2010). The 

water balance abstractly provides boundaries for water allocation between the various 

sectoral water demands and priority water rights through scenario analysis (Mounir et al., 

2011). The scenarios are evaluated through modelling by using water systems models 

(Mugatsia, 2010; Mounir et al., 2011).  

 

Water resources systems analysis can be used to evaluate future water demands and inform 

appropriate water allocations which embrace equity, efficiency and sustainability (Sieber et 
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al., 2002; Azlinda and Mohd, 2008; Flores-Lopez and Yates, 2013; Flores-Lopez et al., 

2016). Scenario analyses allow assessments of probable impacts of water allocation on 

instream and downstream water availability (Leite et al., 2000; Weng et al., 2010; Adgolign 

et al., 2016; Komakech et al., 2012). 

 

Water resources systems have been developed for more effective water resources evaluation 

and allocation (Gleick et al., 2009; Mounir et al., 2011; Ingol-Blanco and McKinney, 2013). 

Models can evaluate spatial-temporal variations of water resources and help estimate the 

quantity of water available to different uses within river basins (McCartney, 2007). Models 

can also be used in the assessment of changes of abstraction licences and reservoir releases 

for river regulation. Models can also enable policy makers and managers to determine the 

potential consequences of changes of policy, physical infrastructure and processes that 

impact on water resources availability and reliability (Alfarra, 2004; Etchells and Malano, 

2005; Krause et al., 2005). This implies that effective models for IWRM need to address 

socio-economic and bio-physical issues (Loucks, 1995; Yates et al., 2005b). Factors 

regarding socio-economic management systems are fundamentally human demand for 

water, water allocation, storage and how water is delivered within or across catchment 

boundaries (Sieber et al., 2002), hence the need to select the right model (Juizo and Lidén,  

2008).  

 

Two models; MIKE BASIN (Jha and Gupta, 2003) and WEAP (Sieber and Purkey, 2005; 

Adgolign et al., 2016) can be used to address socio-economic issues by evaluating spatio-

temporal variations of surface water availability in basins. MIKE BASIN is a multipurpose, 

GIS-based river basin simulation package designed for analysing water sharing problems 

and environmental issues at international, national and project scales (DHI, 2006). Typical 

MIKE-BASIN applications are used for solving multi-sector water allocation problems, 

improving reservoir and hydropower operations, conducting transparent water resources 

assessment, evaluating irrigation scheme performance and crop yields. MIKE BASIN is 

designed to address water allocation, conjunctive use, reservoir operation and water quality 

issues (DHI, 2009). On the other hand, WEAP an Integrated Hydrology / Water allocation 

model is able to evaluate the impacts of demand and supply on water resources availability 

in basins (Demertzi et al., 2013). WEAP can allow simulations and analyses of various 

water allocations and scenarios, and being freely available for research is more widely used 

than MIKE BASIN. 
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2.8 WEAP model application 

The Water Evaluation and Planning (WEAP) tool is a water resources system used for 

evaluating water resources, assessing the probable impacts of water demands on the water 

resources and computing water demand and allocation in basins. The WEAP model 

simulates water system operations in a river system on a monthly time step. WEAP can be 

used to define intricate water distribution systems under varying conditions both in current 

states and future scenarios (Sieber and Purkey, 2005; Yates et al., 2005a, 2005b; Levite et 

al., 2003; McCartney et al., 2009; Mounir et al., 2011; Ojekunle et al., 2007 Thubu, 2012). 

 

WEAP applications involve defining the problem, setting a time frame and areal boundary, 

and identifying and configuring the system components; creating the ‘current accounts’, 

which shows the actual water resources, supplies for the system and demands; future trends 

based on policies, technological development, and other factors that influence demand, 

supply and hydrology; scenario analyses based on key assumptions such as status of water 

resources, benefits and environmental impacts (Sieber et al., 2005a). 

 

Simulation in WEAP allows the prediction and evaluation of future scenarios under 

different assumptions of policy changes, different demographic growth rates, water 

management programs, hydrologic changes, demand projections, infrastructural 

development and changes in operations or allocations (Raskin et al., 1992; Yates et al., 

2005b, Arranz, 2006, Le Roy, 2006; Purkey et al., 2007; SEI 2007; 2008; Mutiga et al., 

2010 Hamlat et al.,  2011). 

 

The integrated scenario analysis approach provided by WEAP allows policy makers 

understand both the physical dimension of allocating water and the economic significances 

associated with each scenario so that it is easy to see the implications of any decisions made 

(Akivaga, 2010; Biju et al., 2011).  

 

2.9 Summary of the chapter 

Water scarcity is increasingly becoming a problem in many river basins, especially in SSA. 

Studies suggest that high demand for water for various increasing economic activities can 

cause an over-appropriation of the available water resources and result in depletion of river 

flows. In fact, in some basins the water management agencies have failed to create a 
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balance between demand and the available resources such that demand already outstrips 

supply and water related conflicts have ensued. There is therefore the need to establish 

water status in a basin to help stem over-allocation.  

 

Over-appropriation of the water resources has led to depletion of river flows in 

Murrumbidgee (Australia), Usangu (Tanzania) and the Yellow River (China). In Kenya, the 

Ewaso Ngiro River has experienced declines in flow due to inappropriate allocation. While 

most water allocation agencies are increasingly adopting the permit-based system as an 

appropriate tool for equitable and efficient water allocation, its implementation appears to 

be constrained by non-compliance to permit conditions by water consumers and lack of 

enforcement to the permit conditions by the allocation agency. 

 

Virtual over-exploitation water and other natural resources, particularly land takes place in 

several basins, and with time if the trend remains unabated, it may cause the natural capital 

to collapse. Studies show that uncontrolled off-stream water uses have resulted in over-

abstractions and altered river-flow patterns threatening environmental sustainability in a 

number of rivers. This has caused ecological damage and loss of important ecosystem 

services necessary for the sustenance of the rivers such as water purification and social 

benefits derived healthy functioning ecosystems and may herald the extinction of a variety 

of ecosystems if not reversed. 

 

In fact, this has resulted in many rivers either drying up or experiencing changes in flow 

patterns or significant reductions in flow with commensurate loss of welfare. While 

legislations and institutional provisions for allocating water in most countries in SSA grant 

priority rights to EFRs along with domestic water use, studies show that in practice, that 

requirement is rarely complied with and EFRs have largely remained unsatisfied. There is 

need to re-examine the dismal implementation of this major pillar of IWRM strategies.  

 

Document review shows that large inefficiencies and water problems experienced in 

developing countries are aggravated by lack of proper water pricing policies that reflect the 

true value of water so as to provide the incentive for efficient water use. Inefficiency in 

water use has its roots in huge subsidies; a social public obligation, that retains water prices 

and tariffs below the full-cost of supply and encouraged high wastage and the sudden shift 

without sufficient time to the new water resources management order. Studies further show 

that failure to balance efficiency, social equity and water pricing can lead to over-
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abstraction of river flows. 

 

Increasing water demands caused by rapidly expanding socioeconomic activities and fast 

growing population have had major implications on water resources availability. Activities 

which have had direct impacts and overstretched the available water resources in basins 

include catchment degradation, use of inefficient irrigation systems and high rate of rural 

urban migration. Inadequate water infrastructure; low storage infrastructural development, 

lack of water abstraction regulation facilities, low maintenance of the existing facilities 

leading to high non-revenue water (NRW) have also had impacts on sustainable water 

resources availability and have thus contributed to poor conditions for sustainable water 

resources strategies in basins. 

Many water management agencies have not lived up to the spirit of national water policies 

and Water Acts in SSA by fully embracing stakeholder participation in the implementation 

of IWRM strategies in the basins. While some Water Acts ensure neutral platforms for 

stakeholder dialogue and engagement in the reform processes, studies show that there has 

not been any effective grassroots level engagement to that effect, instead genuine 

stakeholders have been excluded from consultative forums at which their interests have 

been the subjects, hence the slow implementation of IWRM strategies. Moreover, in some 

basins water systems operate with no elaborate frameworks or plans to guide spatio -

temporal and sectoral water allocations, hence provide no conditions for sustainable water 

resources strategies. 
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CHAPTER 3 

METHODOLOGY 

 

This chapter describes the study area including the climate and physical features. It outlines the 

various data used, their sources, methods of collection and analysis. It also describes the WEAP 

model, the empirical formulation of the model and the schematic development of the study area.  

 

3.1 The Study Area 

3.1.1 Justification for choice of basin  

The Nyando River Basin is of regional importance as it drains into Lake Victoria and 

provides the headwaters of the Nile River. The basin is of national importance as it 

produces rice and horticultural crops through irrigation for food security and water it 

generates is also used for maintaining wetlands in the lower sub-catchments (Swallow et 

al., 2003; Khisa et al., 2013). The Nyando River Basin is the smallest of the 20 river basins 

yet it has the most environmental challenges among the catchments that drain into Lake 

Victoria (Jensen, 2009). The basin has been known to be water secure, being a sub-

catchment of the second ranked largest fresh water lake in the world (Lake Victoria) with 

plenty of water and reliable rainfall (FAO, 2003; Kizza et al., 2009; Mutiga et al., 2010). 

Yet the basin occasionally experiences acute water shortages, poverty and water-borne 

diseases spread by water and floods (Swallow et al., 2003; Muthusi et al., 2005; Swallow et 

al., 2006; KNBS, 2009; Opere and Okello, 2011). Moreover, water shortages are 

experienced even near the lake itself. This is depicted by the withering of crops and plants 

as near as 30 m away from the banks of the lake (Van Koppen, 2003). These contrasts: the 

two extreme hydro-climatic characteristic’s interplay in the Nyando River Basin water 

system provides strong grounds for the study. 

 

Furthermore, the high level of natural resource degradation the basin has experienced 

compared to the other basins within the Nile Basin provides ample grounds for managing 

the natural resources in an integrated manner. Moreover, of the river basins draining into 

Lake Victoria, the Nyando River Basin has the steepest slope and the greatest soil loss to 

the lake. On average, the soil erosion rate is about 43 metric tons per hectare per annum 

(t/ha/yr.), which translates to 3.2 million metric tons per annum (ICRAF, 2006). This has 

effect on surface water flow and sustainable water availability. Again, given the fact that 

there is some resemblance in conditions in the Nyando River Basin and the other basins in 
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the lager Nile River Basin, studying this basin may provide new information, build on the 

existing knowledge and help develop innovations that may be used to strengthen the 

implementation of IWRM for the Nile Basin riparian countries and others which share the 

same similarities. 

 

3.1.2 Location 

Located in the western Kenya, the Nyando River Basin is approximately 3618 km
2
 in area. 

The basin lies on the Equator at between 0
o
 25′S, 0

o
10′N and 34

o
50′E, 35

o
 50′E (Figure 

3.1). The Nyando River Basin administratively falls in the Rift Valley and Nyanza 

Provinces of Kenya and covers six counties (Table 3.1). 

 

Table 3.1: Area covered by the Nyando River Basin 

Name of county Area covered (km
2
)

 

Nakuru   15.5 

Uasin Gishu  104.29 

Nandi  508.41 

Kisumu  768.20 

Kericho 1210 .00 

Nyando (Kisumu county) 1012.00 

Total Area 3618.00 

 

Source: MWRMD, 2004b 
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Figure 3.1: Location and elevations within the Nyando River Basin  

3.1.3 Topography 

The Nyando River Basin has a general slope running from the northeast to the southwest 

direction with the altitude varying from 3,000 m above sea level at Nandi escarpments and 

Tinderet forests to 1,000 m above sea level along the shores of Lake Victoria (Figure, 3.2). 
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Figure 3.2: Variations of elevations within the Nyando River Basin  

3.1.4 Climate 

The climate of the basin is mainly influenced by the Inter-Tropical Convergence Zone 

(ITCZ) and altered by the orographic effects (Olang and Fürst, 2010). The rainfall 

distribution during the year is tri-modal; long rains are experienced between March and 

May, short rains between October and December, and the third peak occurs in August 

(Njogu, 2000). The amount of rainfall is greatly influenced by altitude and relief features. 

The average annual rainfall is 130 mm/year (Olang and Fürst, 2010; Njogu, 2000). The 

mean annual rainfall varies from the sub-catchment 3 (SC3), the Nandi escarpments at 1800 

mm/year towards north-west to about 1200 mm/year at Ahero in sub-catchment 5 (SC5) 

and reduces to about 1000 mm/year at the lake shores. To the south- west of Mau 

escarpment (SC2) it also varies from about 1800 mm/ year which also reduces in a south-

westerly direction to about 1200 mm/year at Ahero. In the central areas of SC2 the same 

annual rainfall of 1800 mm/year are experienced, but reduces in both directions east to 

Tinderet escarpments (SC4) where it is about 1260 mm/year and to the west to Ahero with 

1200 mm/year (Figure 3.3). Sub-catchments (SC1, SC2 and SC3) receive more rainfall than 

the other three. 
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Figure 3.3: Annual Rainfall Distribution in the Nyando River Basin (Sungu, 2012) 

 

3.1.5 Geology and soils 

The geology of the basin is made up of scarps formed by the rift faults, the latter shaping 

the Kavirondo rift which branches from the Rift Valley system. The basement rocks are the 

Nyanzian rocks on top of which lie the Bukoban rocks (Muthusi, 2004).  The upland areas 

are dominated by soils with high content of clay, loam Ferrosols, Nitisols, Cambisols, and 

Acricsols, while the lowland floodplains are dominated by Luvisol, Vertisol, Planosol 

(Olang et al., 2010). The resulting soils have unique characteristics both physically and 

chemically due to weathering and deposition. Most of the soils in the basin are fragile and 

prone to high erosion due to the varied nature of the topography and anthropogenic 

activities such as deforestation, poor land use practices which are worsened by high rainfall 

intensities and runoff. Annual soil erosion rates vary from 10 to 300 tonnes per km
2
 

(LVEMP, 2000; KSS, 2003).  

 

3.1.6 The Nyando River Basin drainage system 

The Nyando River drains the basin with its major tributaries originating from the Mau 

escarpments to the East and Nandi hills on the North at altitudes between 3000 m and 1900 
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m and ultimately drains into Lake Victoria at an altitude of between 1,000 m and 1,300 m 

above mean sea level (Figure 3.4), (WMO, 2004; Onyango et al., 2005).  

 

The Nyando River stretches for about 153 km from the Mau escarpment to the fairly flat 

swamp area (Figure 3.4). The basin can be identified by three tropical zones or reaches; the 

upper zone or reach lies between 1800 m and 2500 m above the sea level; here the river 

flows through a V-shaped valley in the mountainous area of the Sub-catchment 1 (SC1) and 

has a channel width of about 20 m and a gradient of 1 in 45 (Njogu, 2000; UN-WATER, 

2006). The middle zone or reach (SC2) lies between 1300 m and 1800 m above the sea level; 

here the river meandering is less pronounced and has a channel width of about 40 m and a 

slope of 1 in 160. This area is popular for sugar cane growing by both large-scale farmers 

and small holders. At higher altitudes some small-scale tea farming is practised. This is also 

the transition zone between highlands and lowlands (Onyango et al., 2005). 

 

 

Figure 3.4: The Nyando River Basin drainage network showing rivers and gauging  

stations (RGSs) and sub-catchment areas in km
2
. 

 

The lower zone (SC5 and SC6) lies between 1300 and 1000 m above the sea level and the last 

45 km stretch to the lake is characterised by more pronounced meandering over a wide flood 

plain; here the channel width widens to about 60 m and the gradient flattens to about 1 in 700 
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(Plate, 3.1). 

 

Plate 3.1: Meandering of the Nyando River in the lower catchment, ICRAF, 2000 

 

The lower catchment experiences flooding and heavy silt deposition almost on an annual 

basis (WMO, 2004; Onyango et al., 2005). The potential surface water resources availability 

in the Nyando Catchment is estimated at 702 Mm
3
/year. This translates to 60 Mm

3
/ month 

(Njogu, 2000). The basin was served by a strong network or river gauging stations, but 

most of them are no longer functional (Table, 3.2). 

 

Table 3.2: Positions of the river gauging stations along the Nyando River 

 

 Station Code River Latitude 

(degrees) 

Longitude 

(degrees) 

Data period 

1 1GB03  Kipkurere –

Ainapngetuny 

S 0’ 04.553” E 35’ 03.353” 1967-1997 

2 1GB05 Kipkurere S 0’ 01.724” E 35’ 10.452” 1965-1999 

3 1GB11 Kamasao S 0’ 01.695” E 35’ 10.478” 1965-1994 

4 1GC05 Kipchorian –

Masaita 

S 0’ 11.822” E 35’ 32.126” 1965- 2010 

5 1GC06 Kipchorian S 0’ 11.940” E 35’ 28.355” 1967- 2014 

6 1GD07 Main Nyando S 0’ 30.500” E 35’ 09’ 50” 1963-2000 

7 1GD03 Main Nyando S 0’ 07.511” E 35’ 00.061” 1950-2014 

Source WRMA and MWI (2015) 
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3.1.7 Land use, land cover changes and socioeconomic activities in the Nyando Basin 

Land use and land cover in a basin have significant effects on the amount and quality of 

water resources. The Nyando River Basin has in the last two decades experienced 

significant changes in both land usage and land cover (ICRAF, 2006; Olang et al., 2010). 

Forest depletion to accommodate agricultural activities, settlements, foraging for fuel wood 

and other wood products, overgrazing, sand harvesting (Plate 3.2) and other socioeconomic 

activities appear to impact on water availability and river flow patterns within the basin 

(Rambaldi et al., 2007; Olang et al., 2011; Raburu et al., 2012; Khisa et al., 2013; Rongoei 

et al., 2013). For instance, forest clearing for fuel wood (Plate 3.3), timber logging, 

settlement and agriculture are increasingly promoting soil erosion, gully formation and 

therefore have the potential to affect river flows (Agol, 2014).  

 

             

Plate 3.2: Land degradation in the lower Nyando River Basin –sand harvesting 22/7/2015 
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Plate 3.3: Forest cover depletion – women carrying firewood in the lower Nyando Basin 

(Ocholla, 2011) page 39 

   

 

3.1.8 Population 

As at the last population census, the Nyando River Basin registered about 1,100,000 

persons (KNBS, 2009; Table 3.3) up from 746,515 in 1999 (CBS, 1999). This is an increase 

of 48% in a decade. The population density has also rose from 170 persons / km
2 

in 1979 to 

more than 314 persons/km
2
 and more than 1200 persons/km

2 
in some urban centres

 
in 2009 

(Figures 3.5, 3.6; Olaka, 2004; KNBS, 2009). This rapid population growth has had some 

impact on the available natural resources and has also pushed settlements and agriculture to 

vulnerable areas such as steep slopes and wetlands. This could decrease water resources 

availability by altering hydrologic patterns. Resettlement on big farms formerly owned by 

white farmers “white highlands” resulted in land fragmentation and has intensified land use 

particularly agriculture. The occupation of the former white highlands by different ethnic 

groups has brought together people with different cultural values for land and gender bias 

in terms of natural resource management which could also impede the implementation of 

IWRM strategies and interfere with the hydrology of the basin. 
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Table 3.3: Population in the Nyando Basin 

District Percentage 

of area in 

the basin 

Population density 

(Persons per Km
2
) 

Population (1999 census) 

  1979 1989 1999 District 

Population 

Population in the 

basin 

Kericho 42.2 151 182 222 468,493 315,061 

Nyando 34.7 181 228 284.6 299,930 258,738 

Nandi 18.7 109 156 200 578,751 139,857 

Nakuru 2.4 90 118 164 1,187,039 18,212 

Uasin Gishu 1.1 89 138 187 622,705 7,769 

Koibatek 0.4 20 32 31 138,163 3,279 

Kisumu 0.5 181 230 549 504,359 3,599 

TOTAL 100.00    3,799,440 746,515 

Source: Mungai et al (2002) and Republic of Kenya (1979, 1989, 1999)  

 

 

 

 

Figure 3.5: Nyando River Basin population density in persons/ km
2
 – 1979, (ICRAF, 2002) 
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Figure 3.6: Nyando River Basin population density in persons/ km
2
 – 1999, (ICRAF 2002) 

3.2 Water Resources Management in Nyando River Basin  

The management of water resources in Kenya was founded on the framework provided in 

the Sessional Paper No. 1 of 1999 on the National Policy on Water Resources Management 

and Development, and the Water Act of 2002 (WRMA, 2009a). Under the Water Act, a 

Water Resources Management Authority (WRMA) was established to manage the national 

water resources. The Act stipulates that WRMA formulates the water permitting guidelines, 

development, conservation and protection of water catchments to ensure equity and 

sustainability of the resource. This framework outlines the roles and mandates of water 

management institutions from the national level to water service provision levels. Regional 

water boards were created and mandated to develop basin water allocation plans to help in 

both catchment and water resources management within the guidelines of IWRM 

principles, which also emphasize an all-inclusive approach in managing the resources. The 

Water Act further empowers WRMA to ensure compliance to the conditions of the permits 

and to network with other relevant entities and institutions for successful implementation of 

IWRM strategies. The Nyando River Basin falls within Lake Victoria South Water Services 

Board (LVSWSB). LVSWSB constitutes two water service providers (WSPs). In the lower 

catchment Kisumu Water Services Company (KIWASCO) is the water service provider 
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while Tillilbey Water Company (TILIWASCO) which operates in the upper catchment. 

Water Service Providers (WSPs) are private companies or local bodies contracted to supply 

water and provide sewerage services through licenses from the Water Service Boards 

(WSBs). Water Service Boards (WSBs) are regional bodies mandated by WRMA to 

regulate and plan for water and sewerage services. 

The Nyando River Basin is growing into an agricultural-industrial hub of Western Kenya. 

The basin is associated with sugar cane, tea, coffee and rice growing alongside livestock 

keeping, all of which use substantial quantities of water. Adequate water supply is 

important for environmental sustainability and socioeconomic development (Lawford et al., 

2013). 

 

3.3 Data and methods 

The variable flow patterns have significant influence on water allocation and management. 

It is therefore vital to estimate the basin’s water resources potential against consumption to 

form the basis of developing sustainable water resources management plans. As such water 

resources in the basin will be mapped and modelled to help in planning and developing 

management options in line with the IWRM objectives. 

3.3.1 Assessment of water resources status in the basin 

Knowledge of the potential water availability, various uses to which water is put, the 

demand, access to water,  how much is allocated to each use including ecological water 

requirements is vital. Water demand, supply and allocation will be compared to understand 

if the current water availability is able to support and sustain the increasing water 

requirements in the basin. To sustain adequate water supplies the allocation agency is 

required to put in place  and implement strategies that promote water equity between 

competing users (Dai and Li, 2013; Li et al., 2015). For effective management and 

equitable allocation of an enhanced understanding of river flow characteristics and the 

various uses to which water is put, the total water demands including EFRs and the roles of 

stakeholders in sustaining water resources will be investigated. 

 

3.3.2 Research design  

The study applied both descriptive and analytical methods. Data collection was done 

through questionnaires, field observations, interviews, focus group discussions (FGDs) and 
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literature review. A qualitative approach entailed face-to-face interviews with water 

consumers, in-depth interviews with key informants and focus group discussion with key 

stakeholders in the basin water sector. A descriptive survey was used to describe the 

existing water uses, water demand, water allocation and strategies used to minimise water 

allocation disparities. Other data were collected from existing historical records such as 

streamflow data, irrigation data, industrial water use data and census data for both humans 

and livestock. The socio-economic data were gathered using a questionnaire, focus group 

discussions (FGDs) and an observation guide. An analytical approach was applied to assist in 

understanding the links between adaptive capacities and water allocation strategies to 

seasonal and intra-annual flow variability among all water consumers in the study area.  

 

The acquired socioeconomic data were then analysed to determine per capita water use and 

the extent at which IWRM strategies are implemented in the catchment. Data on stream-flow 

(discharge) were used in WEAP model verification and scenario analysis to establish the 

possible trends for future water needs and allocation in sub-catchments. Monthly flow 

duration curves were used to characterise the capability of the basin to produce flows of 

varying magnitudes. A flow duration curve (FDC) is a graph that shows the percentage of 

time either daily or monthly (or some other time interval) that a specified streamflow value is 

likely to be equalled or exceeded. FDCs have applications in water resources planning, 

development and management (Vogel and Fennessey, 1994; Crocker et al., 2003; Castellarin 

et al., 2004). For instance, a FDC can be used to determine the percentage of time flow in a 

river meets a specified demand over a stipulated period. Information regarding the duration 

that a given flow at a specific site is likely to equal or exceed a selected value of interest is 

useful for the design of hydraulic structures. A FDC can be used to characterise the capability 

of a catchment to sustain a designed flow value, particularly low flows during dry seasons. 

For example, a hydraulic structure can be designed to deliver and sustain flows that occur 

between 20% and 80% of the time (or some other selected interval). 

 

3.3.3 Livestock data 

Livestock data were acquired from the county offices of the Ministry of Livestock 

Development (MoLD). All the livestock types were converted to tropical livestock units 

(TLU) as outlined in FAO guidelines (FAO, 2000; 2009). The FAO unit for an adult tropical 

cow of live weight of 250 kg is 1 TLU (Desalew, 2008). The study assumed one tropical 

livestock unit as a cow of live weight of 250 kg and a daily water consumption of 30 litres, 
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a goat or sheep at 0.1TLU and a donkey at 0.5 TLU in terms of water consumption 

(Desalew, 2008). Other studies have also used the same per capita water consumption ( 

Desalew, 2008). Monthly water consumption of one TLU on average is 0.9 m
3
.  

 

3.3.4 Estimation of domestic water consumption 

Rural water demand was estimated through direct interviews. A reconnaissance survey was 

done to identify main water drawing points along the river and a GPS was used to determine 

the coordinates. Water abstraction points were identified along the river to help in estimating 

per capita water consumption. A semi-structured questionnaire was administered on direct 

water drawers through face to face interviews. The questionnaires sought to establish from 

water drawers on quantities they draw per trip, the number of trips made per day and 

observation on the size of the containers used. The questionnaire was used to establish the 

purposes of water use, the size of households, the distance from the source and alternative or 

supplementary sources if any. The result gave an average per capita water use which 

constituted data for indirect estimation of the total consumption. The indirect estimation used 

per capita consumption method to calculate the total amount of water consumed by each 

person in a year to project annual domestic water needs (Kame’enui, 2003). The MWI design 

manual and WHO guidelines were used in determining urban water demands for the basin 

(WHO, 2003; MWI, 2005).  

 

3.3.5 Population data 

Population data based on CBS (1999) and KNBS (2009) censuses were acquired from 

KNBS offices in Kisumu. The data were used to determine annual domestic water needs for 

the basin for both current and future. The average annual population growth rate for the 

basin on which projections of domestic water needs were made was 3.2 %, against the 

national growth rate of 2.8% (KNBS, 2009).  

 

3.3.6 Streamflow data  

Much of the water used in the Nyando River Basin for various purposes is drawn from the 

Nyando River. Data on streamflow were obtained from the Ministry of Water and Irrigation 

and from WRMA offices after identifying river gauging stations on the basis of data 

availability and operational status (Annexure 3.1). A Geographical Positioning System (GPS) 

was used in recording locations of major water demand sites along the river and in 
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configuring and geo-referencing the study area. Water policy documents were got from the 

Ministry of Water and Irrigation. The acquired daily streamflow data were statistically 

analysed in terms of minimum flows, mean flows both at monthly and at annual intervals. 

The derived results were used to compute spatial and temporal flow variations and to project 

future water availability in scenario analyses. 

3.3.7 Irrigation water demand 

Irrigation is done when there is insufficient rainfall to support crop growth. Irrigation 

provides water to crops at the right times and in the right amounts depending on the crop 

water requirements and the stage of growth of the crop. Irrigation water requirements vary 

with the type of crop, the type of soil, and the project growing calendar, the method of 

irrigation used and climate of the area. An irrigation schedule outlines the frequency of 

irrigation (intervals in days at which water is applied) and the amount (depth) of water to be 

applied per irrigation. The accumulation of the applied depths for the crop period is the 

crop water requirement and can help estimate water use rates and to compute the total  

irrigation water demand. Irrigation demand can also be computed by using CROPWAT 8.0 

model (FAO, 2009; Surendran, et al., 2015) or by simulating catchment processes such as 

evapotranspiration, runoff and infiltration.  

 

The total irrigation water demand was thus estimated by getting the product of the total area 

under irrigation and the average water requirement for the main crop (Liu et al. 2009) 

which in this case is rice. In the Nyando River Basin both aromatic and non-aromatic 

varieties of rice are grown. Aromatic varieties take between 90 and 100 days to mature 

while non-aromatic between 120 and 140 days. The actual water requirements for rice 

range between 750 and 1200 mm to maturity. However, the total irrigation water 

requirements also depend on other factors such as the efficiency of the method used in 

terms of conveyance, distribution and application methods, and maintenance of the system. 

For example, the efficiency for flooding methods ranges between 40 and 60% implying that 

computation for irrigation water requirement should factor in this aspect of water loss. The 

study assumed 60% efficiency in the system. Field observation and semi-structured 

questionnaire were administered to farmers at SW Kano irrigation scheme and horticultural 

farmers. Group discussions were held with SW Kano scheme farmers on issues of access to 

water, conveyance and distribution. Data on the area in hectares covered by irrigation both 

at the National Irrigation Board and SW Kano were obtained from the MWI offices, the 
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local irrigation offices and the Survey of Kenya offices. 

 

3.3.8 Industrial water demand 

Data for industrial water use for the five major industries Chemelil sugar, Muhoroni 

sugar, Agrochemical and Food Industries, Nandi Tea and Homalime Company were 

obtained through in-depth interviews with the representatives of these industries, from the 

inventory of their water use, meter readings and from permits, and from WRMA, WSPs 

and water MWI county government offices. These data were verified with WRMA and 

then used to compute annual water consumption and the quantity used per unit of 

production. Information on water allocation was acquired through document review, key 

informant interviews and from consumers. A descriptive statistical analysis procedure as 

used to understand how water resources are distributed across the sub-catchment, the  

status of the water resource, the impacts of water allocation and management on water 

resources (Rossiter, 2006). The study sought to examine the possible causes and linkages 

of the emerging water shortages to the roles of IWRM and water allocation agencies, the 

roles and the level of community involvement and other stakeholders in IWRM. The 

study examined acquisition of water use rights, water abstraction, conveyance and use, 

and the response to water shortages during scarcity. 

 

3.4 The WEAP Model 

3.4.1 Description of the WEAP21 Model 

 In the WEAP model the water resources system is composed of a river, groundwater, 

reservoirs, withdrawal and transmission links and return flows, environmental flows, 

runoff and water demand sites (Sieber et al., 2005b). WEAP can be used to analyse 

sectoral water demands, water rights and allocation priorities alongside streamflow 

simulations, reservoir operations and environmental flows. The version WEAP21 (Yates 

et al., 2005a, Sieber and Purkey, 2015) allows for integrated scenario analyses of supply 

and demand on a range of issues and uncertainties related to climate and other dynamic 

anthropogenic stressors, such as land use variations, changes in water demand and 

operating rules leading to associated hydrologic responses, all in the context of potential 

adaptation by all water users and other stakeholders (Yates et al., 2005a). The WEAP 

model supports the planner in predicting demand and supply and designing structures 

under various assumptions and management practices and helps in developing water 
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resource management policies to address the anticipated resources management 

challenges (Yates et al., 2005a).  

 

WEAP21 is in essence a conceptual model which applies a schematisation approach to 

describe the hydrological processes (Yates et al., 2005a). The constituents of the natural 

system (e.g. catchments, rivers, lakes and aquifers) and the elements of the technical 

system (e.g. boreholes, reservoirs, diversions, pipes and canal systems, urban water use, 

wastewater treatment plants, hydropower facilities and irrigated farms) are schematised 

through a network of inter-connected model elements (Psomas et al., 2016).  

 

3.4.2 Empirical formulation of the model 

WEAP21 Model uses an intuitive graphical interface to show a schematic of the water 

system including all of the supply sources; withdrawal, transmission facilities; ecosystem 

requirements and water demands. The empirical formulation of the model includes 

determining the period of scenario analysis, areal extent of the study, system components 

and conformation of the problem. A typical modelling process in WEAP involves three 

steps; a Current Accounts year which serves as the base year of the model and shows the 

actual water demand, resources and supplies for the system. It is the starting year of all 

scenarios and includes authenticated monthly supply and demand data for the first year of 

the study. In this study 2010 was the current accounts year. A business as usual scenario 

(BAU) is developed from the Current Accounts to simulate likely evolution of the system 

without intervention throughout the target duration which in this case is from 2010 to 2030, 

and simulations done under possible key assumptions which may include demographic 

changes, policy, infrastructural development, technology and other factors that influence 

demand, supply and hydrology. The period up to 2030 has been identified by the UN to 

realise Sustainable Development Goals (UN, 2015) and in Kenya Vision 2030, selected it to 

have achieved the local targets by then. As such the study contributes by highlighting the 

challenges and proposing possible solutions towards realising these targets. Scenarios are 

defined as probable descriptions of how the future may develop, based on a rational and 

consistent set of key assumptions on how the driving forces relate to each other (Arranz and 

McCartney, 2007).  

 

The concept of scenario analysis is to understand the past and present water resource 

situations through observations and analysis as a basis for projecting the likely future trends 
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to inform allocation, management and policy in making proactive decisions (Sieber et al., 

2005a; Yates et al., 2005a; Alemayehu et al., 2010; Arranz and McCartney, 2007; 

McCartney and Girma, 2012). Scenarios explore how a system would respond to different 

conditions e.g. infrastructural changes, new technologies, population changes, new policies, 

and climate change after the Current Accounts year (SEI, 2008). Scenario analyses help in 

enhancing understanding the impacts of alternative management decisions on different 

development choices. For example, the effects of water demand and supply on the available 

water resources and between economic development objectives and environmental 

constraints. This study used WEAP to evaluate the effects of the likely future changes in 

water demand on the available water resources, to compute spatio-temporal water demand 

and allocation among the various consumers in the Nyando River Basin so as to offer 

alternative solutions for sustainable water resources management.  

 

3.4.3 Model data sets 

The model was applied to evaluate and analyse the current water status and likely future 

water resources availability and management scenarios by considering different operating 

policies and factors that may impact on demand until 2030. The year 2030 was selected for 

two reasons; one, to align the study to the global 2030 Agenda on Sustainable Development 

Goals whose target year is 2030. Secondly, Kenya’s national agenda ‘Vision 2030’ has also 

picked it to realise its vision to self-sufficiency. A WEAP application is described by time 

frame, the extent of areal coverage, system components and conformation of the problem. 

The data gathered included domestic water use in m
3
/day per person, livestock water 

requirement in per capita water consumption per livestock unit in m
3
/day, irrigation water 

demand  per crop type/ha and streamflow data was in m
3
/s.  

 

3.4.4 Demand sites and schematic map development 

Demand sites were identified during reconnaissance survey on the basis of their significant 

water withdrawal quantities and by virtue of the majority of them having water permits and 

are in the data base of WRMA. Demand sites are a group of water users that share a 

physical supply system or a vital withdrawal point (Sieber et al., 2005b). A GPS was used 

to pick and transfer to a schematic map the identified demand sites; urban centres, rural 

water supplies, individual water users, livestock, industrial facilities and irrigation farms 

(Figure 3.8). The study used per capita consumption method to determine the total annual 
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water demand. In the WEAP Schematic view, the create-Area menu option was used to 

develop the basin map. GIS-based vector boundary, rivers and towns shape-files for the 

Nyando River Basin were imported to the study area to configure the area and improve the 

area boundaries. The major river water courses were digitised beginning from source going 

downstream. Demand sites were entered on the schematic map (Figure 3.8). For each 

demand site, the Annual Activity Level, Annual Water Use Rate and Consumption were 

used to compute water demand. Different levels of disaggregation were introduced for each 

demand site, e.g. rural, urban, livestock, irrigation and industry (Figure 3.8).Water demands 

in this study imply domestic, industrial, irrigation and livestock water requirements. 

Industrial water demand data were obtained from the industries and water allocation agency 

and varied from one industry to the other depending on their demand per unit output. 

Irrigation water demand is the amount of water which brings one hectare of crop, in this 

case rice, to maturity. Considering the inefficient flooding method of irrigation used, the 

study estimated irrigation water at 12,132 m
3
/ha. Livestock water demand refers to per 

capita consumption of one tropical livestock unit, which according to FAO is 30 litres for 

one tropical livestock unit equivalent. 

 

Figure 3.7: Schematic map of the Nyando River Basin 

 

• Demand site  

• Regular gauging 

station 
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The acquired data were input into WEAP, first under Business As Usual (BAU) scenario, 

then under key assumptions which touched on demographic changes, policy, infrastructural 

development, technology, irrigation or EFR and other factors on future water availability, 

demand, supply and hydrology; in this case, high population growth, expanded irrigated 

area and improved infrastructure and technology. 

3.4.5 Summary 

In this chapter, the study area has been described by outlining the climate and the physical 

features. This chapter also outlines the types of data used in the study, data sources and the 

methods used for gathering and analysing the collected data. It has also described the 

WEAP model, the empirical formulation of the model and the schematic development of 

the study area. 
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CHAPTER 4 

ASSESSMENT OF WATER RESOURCES 

 

In this chapter water availability and demand are established to provide insight into future water 

availability. This information is vital in identifying water stressed areas, the spatio-temporal 

distribution of water availability across the basin and helps in developing resource management 

strategies including water allocation plans.  

 

4.1 Introduction 

Water resources assessment entails analysing the measured river flows including other 

factors which affect the resource. The generated information is used in planning and 

managing water resources. The fact that the Nyando Basin depends largely on its surface 

water resources for social, economic and environmental needs, makes the generated 

information to become useful in planning and managing the resources. However, the 

occasional water shortages experienced in the basin makes it imperative that the available 

water resources and the corresponding demands are assessed. To effectively and equitably 

apportion and manage water resources, the knowledge of the available water resources, 

how much is used, by whom and where is vital to enable prioritisation according to use. 

Lack of knowledge of the water resource status can affect major socioeconomic activities in 

a basin like irrigation and industrial production. The question is whether, under the current 

water allocation system, the basin has sufficient water resources to sustain its increasing 

water needs. The level at which water resources are accessed by different users is a strong 

indicator of sustainability (Milman and Short, 2008; Dai and Li, 2013).  

 

The objective of this chapter was to estimate the available water resources vis-à-vis the 

current demand in order to establish if the available water resources can support the current 

and future water demands including EFRs within the basin. Specifically the study 

 determined the spatial and  temporal variations of the available water resources, 

 established the basin’s water potential, 

 estimated the basin’s total water demand, 

 evaluated the current water demand–supply status in the basin, and 

 examined other factors that impact on water availability. 

 

 

http://etd.uwc.ac.za/



 

54 

 

The major water use groups identified in the basin included domestic, livestock, sugar and 

tea industries, and irrigation schemes.  

 

4.2 Methodology 

The methodology is already explained in Chapter 3.  

 

4.3 Results and discussion 

4.3.1 Hydro-climatic variations in the basin 

The results revealed significant temporal river flow variations. Comparing annual flows at 

1GD03 and rainfall at the adjacent rainfall station at Ahero (9034086), the flow 

characteristics and the rainfall patterns depict an observable relationship and cyclic 

occurrences are evident in both the flow and rainfall (Figures 4.1 and 4.2). The wet years 

(1982, 1986, 1989, 1994, 1997) show high peaks in both rainfall and river flow. The heavy 

rains of 1997 were linked to El Niño during which the floods exceeded 300% above normal 

and the Ahero rainfall station registered 1667 mm/year of rainfall against its annual average 

of 1200 mm/year (MWI, 2009). Moreover, El Niño years have been identified with above 

normal rainfall and are usually experienced during the short rainfall seasons in the region 

(Indeje et al. 2000; Anyah et al., 2006; Kizza et al., 2009). 

 

The fact that regional studies indicate no significant trends in climatic variables of rainfall 

and evapotranspiration (Conway, 2002; Mangeni, 2006; Awange et al., 2008; Kizza et al., 

2009; Koutsouris et al., 2010), implies that the hydrological differences in the Nyando 

River are driven by factors other than rainfall. Moreover, an annual flow analysis in the 

Nyando River depicted a significant positive trend implying that the annual flow in the 

Nyando River is not on a decreasing trend (Figure 4.3). The hydro-climatic pattern depicted 

shows that the water deficits experienced in the basin could be due to ineffective water 

allocation system and/or poor water catchment management.  
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Figure 4.1: Annual and seasonal rainfall for Ahero Rainfall Station (9034086) from 1970 -

2000 

     

Figure 4.2: Annual flow variability for 1GD03-Nyando River (1970-2000) 

 

 
 

 

 

 

 

 

 

 

     Figure 4.3 Annual flow analyses at 1GD03 

 

Figure 4.3: Annual flow analysis at IGD03 
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4.3.2 Annual monthly flow variations 

Results reveal a general increase in monthly flows from 1950 to 1990 and a remarkable 

decrease from 1990 to 2013. Hydrograph analyses show that monthly low flows have been 

gradually decreasing from the 1980s. However, occasional high flows are experienced 

within the years (Figure 4.4). Since the basin has no dams, the changes in flow are 

perceived to be due to anthropogenic activities. Moreover, Landsat images (7.3.4), FGDs 

and document review show that the basin has experienced rapid land use land cover 

changes from late 1980s which have the potential to impact on river flows (ICRAF, 2002, 

Olang et al., 2011). It is therefore necessary the management adopts an integrated approach 

in managing the natural resources. The management of land and water resources should be 

done in a manner that makes them sustain each other, as such the policies and legislations 

dealing with land and water resources should be harmonised to work complementarily.  

 

 

Figure 4.4: Streamflow variation for February monthly flows (1950-2014) 

 

4.3.3 Water resources availability in the Nyando River Basin 

The Nyando River is largely unregulated, and as such, establishing the available water 

resources is vital for equitable allocation of water among consumers and preventing over-

abstraction or even water-related conflicts. It was therefore necessary to determine seasonal 

flow variations in sub-catchments to identify sub-catchments and sectors which are well 

and those that are poorly endowed with water resources.  

 

At RGS 1GD03, the lowermost gauging station at sub-catchment 5 (Figure 3.4), flows 

fluctuate between a low mean of 7.91 m
3
/s in January and a peak flow of about 24.4 m

3
/s in 
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August and then progressively falls again. This pattern of flow is the same even during wet 

and dry years (Figure 4.5, Figure 4.6; Annexure 4.1). In this study, wet and dry years are 

designated by determining mean annual flows at a sub-catchment; any year in which the 

flow falls above the annual mean is considered wet and below dry. For example, 2009 and 

2013 were dry and wet years respectively (Figure 4.6). 

 

 

Figure 4.5: Mean monthly flow at RGS 1GD03 at SC5 on the main Nyando River 

 

 

Figure 4.6: Mean, dry and wet year monthly flows in the entire basin at IGD03 

 

The total annual flow in the basin at gauging station 1GD03 is 580 Mm
3
/year which 

translates to a mean flow of 18.39 m
3
/s. This finding agrees with mean of 17.14 m

3
/s (Sang, 

2005), 16.1 m
3
/s (Dienya, 2007), 17.26 m

3
/s (Muthusi, 2005) and 20.77 m

3
/s (WRMA, 

2009b). 

 

At Sub-catchment1 (Figure 3.4, SC1), according to the last census, the human population 
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was 206, 590 (KNBS, 2009). The urban population was 30% and rural 70%. Livestock was 

152,033 TLUs. The total daily (domestic and livestock) water demand was estimated at 

19,643 m
3
/day (0.23 m

3
/s). The mean monthly flow at RGS 1GC06 on the Kipchorian River 

in the sub-catchment varies from 0.33 m
3
/s in January to a peak of 2.24 m

3
/s in August then 

reduces progressively to 0.44 m
3
/s in December (Figure 4.7). 

 

Figure 4.7: Mean monthly flows (1970-2013) in SC1 at RGS 1GC06  

 

The period between November and February is usually critical in the sub-catchment as 

occasional water deficits are experienced, and flows sometimes fall below the mean (Figure 

4.8). The implication is that during this critical period, there are possibilities of the river 

being over-abstracted. The water allocation agency is therefore obligated to guarantee 

adequate and equitable access to water by all water users and also to protect the river from 

being over-abstracted.  

 

Figure 4.8: Mean, dry and wet year monthly flows and demand at RGS 1GC06 in SC1  
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RGS 1GB11 is located on Kamasao River upstream of Nandi Tea estates in SC4. The sub-

catchment covers 507 km
2 

in area and has a human population of 159,198 (KNBS, 2010) 

and 87,530 TLUs. The Nandi Tea industry, a major water consumer in the sub-catchment, 

draws water from Kamasao River, a tributary of the Nyando. The mean monthly discharges 

are about 2 m
3
/s except in August when it reaches 3 m

3
/s (Figure 4.9).  

 

In an in-depth interview with the representative of the management of the Nandi Tea, it was 

revealed that the factory experiences water deficits and at times the company scales down 

their production, particularly during dry seasons and in dry years (Figure 4.10).  

 

Figure 4.9: Mean monthly flow variation at RGS 1GB11 on Kamasao River SC4 

 

Figure 4.10: Mean, dry and wet year flows at 1GB11 on Kamasao River in SC4 
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FGDs and in-depth interviews revealed land use changes including encroachment into 

gazetted public forests for farming and charcoal burning in the escarpments and the sloping 

hills in the sub-catchment have the potential to cause flow variations and alter river flow 

regime (Plate 4.1).  

 

 

Plate 4.1: Deforestation at Tinderet hills for farming, timber logging and charcoal burning 

(ICRAF, 2002) 

 

Moreover, the river occasionally recedes during dry seasons forcing consumers to follow 

the receding waters (Plate 4.2). The fear is that if the water allocation agency does not 

implement appropriate measures, then water shortages may escalate to crisis levels. The 

Nandi Tea as a stakeholder, through its environmental department has been liaising with the 

Rainforest Alliance (an international environmental organisation) to foster sustainability of 

the environment, ensure best farming practices, promote the enrichment of riparian strips 

with indigenous trees, discourage the destruction of the indigenous trees and encourage 

rainwater harvesting. In an interview with the company environmental officer, it was 

revealed that their environmental conservation efforts have started yielding positive results; 

the silt load in the river during rains has significantly reduced, the previously brown colour 

of water during rainy seasons has changed from brown to clear in the recent years. This 

practice, if spread to the other sub-catchments, will reduce soil erosion and the high silt 

load in the rivers and improve water availability in the rivers.  
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Plate 4.2: Receding flow at Kamasao River in SC4, consumers are forced to follow the 

receding water (4
th

 July 2015) 

 

RGS 1GB05 is located on the Kipkurere River in SC3. The sub-catchment encompasses an 

area of 454 km
2 

with a human population of 142,556 (KNBS, 2010) and 80, 335 tropical 

livestock units (TLUs). Water demand for the basin was estimated at 0.26 m
3
/s. The average 

annual mean monthly flow was 3.97 m
3
/s, while the mean monthly flow for the dry year 

(2008) was 2.23 m
3
/s and for the wet year (2007) was 6.48 m

3
/s. The mean flow varied 

from 1.86 m
3
/s in February to 6.64 m

3
/s in September (Figure, 4.11). The monthly flow in a 

dry year (2008) ranged from 1.52 in February to 5.15 m
3
/s in September. During the wet 

year (2007), the mean monthly flow registered the lowest value in February of 2.16 m
3
/s 

and the highest value of 17.12 m
3
/s in May (Figure 4.12). The river flows are above the 

demand even during the dry years and in the dry seasons; yet occasional water deficits are 

experienced. In-depth interviews and field observation revealed low water infrastructural 

development in terms of storage and conveyance and lack of demand management 

strategies as the leading cause of temporal water shortages at the sub-catchment. 
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Figure 4.11: Mean monthly flow variation at RGS 1GB05 on Kipchorian River in SC1 

 

 

Figure 4.12: Mean, dry and wet year flows and demand at 1GB05 on Kipkurere River 

in SC3 

 

At RGS 1GC05 on Kipchorian River (Masaita), the uppermost gauging station in the basin 

at SC1, the river sometimes ceases to flow. During dry seasons, flows vary between 0.001 

m
3
/s and 0.005 m

3
/s (Figure 4.13; Annexure 4.7). For example, in 2009 the flow in March 

was 0.001 m
3
/s (Annexure 4.7). FGDs and in-depth interviews revealed water deficits 

during dry seasons and attributed it mainly to catchment degradation, particularly the Mau 

forest and, poorly maintained and inadequate infrastructural facilities. For example, the 

dam which was constructed in 1948 has since silted up and a planned dam was rejected by 

the community due to wrong siting and their non-involvement. This was an illustration that 
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the current water allocation system does not involve local community in water resources 

management in the basin, a core requirement for successful implementation of IWRM 

strategies. 

 

Figure 4.13: Mean, dry and wet year flows at 1GC05 on Kipchorian River in SC1 

The results show significant variations in flows in all the sub-catchments (Figure 4.14), 

aggravated by poor natural resources management; poor water catchment management and 

ineffective water allocation system which have direct implications on demand and 

sustainable water availability. However, the water deficits experienced in the basin can be 

managed if appropriate water allocation strategies are implemented. Involving the local 

community in water catchment management and allocation is a strong strategy towards 

achieving IWRM objectives. 

 

 

Figure 4.14: Mean monthly flows at the regular gauging stations at sub-catchments  
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4.3.4 Domestic water demand 

Access to safe, sustainable and sufficient water for basic human needs has been emphasised 

in many water forums and by various researchers. However, per capita water use varies by 

region due to various factors ranging from resource management, infrastructure, and 

consumers to the available resources. It is therefore pertinent that per capita water use is 

determined in a river basin, total water consumption established and any challenges in 

meeting these obligations explored. The Nyando River Basin had a total human population 

of 1.1 M in 2009 according to the last national census (KNBS, 2010). The rural and urban 

population served by the core stem of the Nyando River is 76%, while its tributaries serve 

the remaining 24% (KNBS, 2010). Computations from field interviews and observations 

revealed that per capita domestic water use is 40 litres per day (Plate 4.3). This finding is 

close to results obtained by a study on water use patterns in Wei River Basin in China 

where rural water consumption was estimated at 38.3 litres per capita per day (Fan et al., 

2013). Considering that the average annual rainfall in Wei River Basin fluctuates between  

450 mm/year and  700 mm/year (Wang et al., 2007) against an average annual rainfall 

ranging  between 1000 mm/year and 1800 mm/year in the study area (Olang and Fürst, 

2010), this result is comparable. This finding also agrees with other studies which 

recommend 50 litres per capita per day as the minimum for basic human needs (Gleick, 

1996). Studies show that water consumption varies according to the level of access to the 

resource and the living standard of the consumer (Gleick, 1996). In rural areas per capita 

water use is subjective to the distance from the source of water and whether the water is 

directly fetched from the source or piped. A study conducted in Kenya, Tanzania and 

Uganda showed that piped households used on average almost three times more water per 

capita than un-piped households (Thompson et al., 2001). In urban areas the tariff structure 

and the class of the consumer influence consumption.  
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Plate 4.3: Wath Kadika water point (S 00
O
13.434’, E 034

O
55.570’, 1152M); the size of the 

container and the number of trips made are factors in per capita consumption 

Based on interviews and observations during a field survey it was shown that the urban 

water consumptions range between 50 and 80 litres per person per day depending on the 

distance of the tap from the consumer. However, field observations and in-depth interviews 

revealed a high value of unaccounted for water (non-revenue water) ranging between 30 

and 60% estimated from the pumped water and the monthly billings. Studies have shown 

that the amount of water used is also influenced by the state of maintenance of the supply 

system (Sandiford et al., 1990; Hunnings, 1996). The high unaccounted for water was 

attributed to lack of WDM strategies, particularly non-metering and poor maintenance of 

the water systems among other factors. Putting into consideration the above factors, the 

study adopted a recommendation by World Health Organisation of 100 litres per person per 

day (WHO, 2003; Adgolign et al., 2016). The total basin annual domestic water demand 

was therefore estimated at 19.22 Mm
3
. 

 

4.3.5 Livestock water demand 

The total livestock numbers in the catchment were derived from the census report from 

sub-county livestock offices. All livestock were converted to Tropical Livestock Units 

(TLUs) using FAO guidelines, livestock water consumption of 30 litres per day per TLU 

(FAO, 2000; Desalew, 2008). According to the FAO guidelines daily water consumption 

for a goat or sheep is assumed as 0.1TLU and a donkey as 0.5 TLU. The livestock in the 

basin was equivalent to 465,231Tropical Livestock Units (TLUs). At an annual livestock 
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unit water consumption rate of 11 m
3
, the total annual livestock water consumption in the 

study basin amounted to 5.2 Mm
3
. 

 

4.3.6 Irrigation water demand 

The total area with major irrigation schemes is about 5800 ha. The two major irrigation 

schemes; the South West Kano and Ahero National Irrigation Schemes mainly grow rice, 

and follow a cropping calendar drawn up by the National Irrigation Board (NIB), which 

shows that the main irrigation activities take place between July and October. The 

monthly water demand variations provided by NIB in the two schemes are depicted in 

Figures 4.14 and 4.15. At the Ahero irrigation scheme, irrigation activities are more 

restricted because they are directly under the management of NIB, which enforce a strict 

cropping calendar. 

 

Figure 4.15: Water demand variation showing % ge of annual available water, used for 

irrigation at Ahero Irrigation Scheme as provided by NIB 

 

However, in the SW Kano Irrigation Scheme, irrigation activities are staggered and 

therefore take place for the rest of the year except in the months of April and May when the 

long rains are experienced. This is because occasionally lack of adequate water limits the 

area to be irrigated.  

 

Farmers grow the aromatic rice variety which takes 100 days to maturity and non- aromatic 

varieties which take 120 -140 days. The total irrigation water requirement was estimated by 

getting the product of the total irrigated area and the average crop water requirement, in this 

case rice, which is the major crop under irrigation in the basin (Liu et al., 2009). The water 

requirement for rice is between 750 and 1200 mm/year of water. Taking into account that 

the flooding method of irrigation used in the basin has efficiency between 50 and 60% 
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(Tuong and Bhuiyan, 1999; Hewell, 2000; Deng et al., 2006), the total annual irrigation 

water demand amounted to 70 Mm
3
. 

Figure 4.16: Water demand variation showing % age of annual available water, used for 

irrigation at SW/Kano Irrigation Scheme as provided by NIB 

4.3.7 Industrial water demand 

Data on water use by the industries were obtained from Muhoroni and Chemelil Sugar 

industries, Agro-chemical industries, Nandi Tea and Homalime Company. The data were 

presented in terms of amounts of water required to produce a unit product per industry. For 

example, Nandi Tea produces 45,000 tonnes of tea per year. Records from their production 

unit indicate that one tonne of tea produced consumes 0.8 m
3
 of water; hence the total 

annual water consumption (45,000 tonnes x 0.8 m
3
) comes to 36,000 m

3
/ year. Water 

demands for the other industries are shown on Table 4.1. The total industrial annual water 

demand is; 4,494,600 m
3
 per year say 4.5 Mm

3
 per year. In terms of percentages of water 

demand per industry, Muhoroni uses 32%, Chemelil at 24%, Homalime 23%, Agrochemical 

20% and Nandi tea at 1% (Figure, 4.15; Annexure 4.8).  

Table 4.1: Annual industrial water demand 

Water Demand Sector Activity driving 

Water demand  

Water Use 

Rate (m
3
) 

Total (m
3
) 

Industrial  Nandi Tea  45,000 tonnes 0.8/tonne     36,000 

 Muhoroni sugar 720,000 tonnes 2/tonne 1,440,000 

 Chemelil sugar 720,000 tonnes 1.5/tonne 1,080,000 

 Homalime  432,000 tonnes 2.4/tonne 1,036, 800 

 Agrochemical 540,000 tonnes 1.67/tonne    901,800 

Total industrial water demand for the major industries in the basin 4,494,600 
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Figure 4.17: Distribution of the total Industrial water demand (4.5 Mm
3
/year among the 

main industries) 

 

4.3.8 Total annual basin water demand 

The total basin water demand amounted to 105 Mm
3
 (Table 4.2). Irrigation consumes 

70.8% of the total water demand, followed by domestic demand at 19.4%, livestock at 5.2% 

and industrial at 4.6%. The basis of this estimation was to establish if demand and 

allocation can be sustained by the available water resources. 

 

Table 4.2: Nyando Catchment Water Demand delineation per sector 

Water Demand Sector Activity driving 

Water demand  

Water Use Rate 

(m
3
) 

Total (m
3
) 

Livestock  Tropical Livestock 

Units 

465,230.04 TLUs 11 m
3
/year   5,117,530 

Domestic  Rural population 845,430 people 14.64 m
3
/year  12,377,095 

 Rural population 124,572 people 54.9 m
3
/year   6,839,003 

Industrial  From Table 4.1   4,494,600 

Irrigation Ahero Irrigation  1200 ha 12,000 m
3
/ha  14,400,000 

 SW-Kano Irrigation  4600 ha 12,000 m
3
/ha  55,200,200 

The total major water demands in the basin  98,114,263 

The total water demand plus other demands not captured was estimated at 105,000,000 

Muhoroni  
32% 

Chemelil  
24% 

Homalime 
23% 

Agrochemical 
20% 

Nandi Tea 
1% 

% Industrial Water Demand 
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The annual water status in the basin is that the average annual flow less the average annual 

demand (580-105) Mm
3
 = 475 Mm

3
. However, in July and August  flow exhibits significant 

reductions which could impact on demand and EFRs, thus, unless the current water 

allocation system implements appropriate measures the increasing demands may be a 

challenge to adequately satisfy (Figure 4.18; 4.19; Annexure 4.9) Also refer Figures 4.8. 

and  4.10. 

 

Figure 4.18: Monthly flows and demands for the entire basin at 1GD03 

 

Results show that the basin’s water availability far exceeds the sectoral water demands 

implying that the deficits experienced are not due to physical water scarcity, but 

consequences of ineffective allocation and management. The available water resources can 

sustain the current and future demands including achieving SDGs and the national targets at 

catchment levels. However, since the basin experiences water deficits despite the fact that 

the available water resources show no deficiency entails examining the current water 

allocation system. 

 

4.4 The current water allocation system 

Increasing water demand coupled with adverse effects of anthropogenic activities and 

climate variability means that the future of water supply is likely to be insecure unless 

appropriate interventions are put in place. It is therefore pertinent that water resources are 

managed much more effectively and protection of natural resources including water are 

improved. The Water Act (2002) mandates Water Resources Management Authority 
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(WRMA) to improve the management of water resources by preserving, conserving and 

protecting water sources and catchments.  WRMA being the lead agency is mandated by the 

Act to formulate water allocation guidelines through a permitting framework that follows 

IWRM principles. This mandate entails developing basin water allocation plans, recruiting 

stakeholders into water resources users associations (WRUAs) to help in both catchment 

and water resources management. The Act also empowers WRMA to ensure compliance 

with the conditions on the permits and involve all relevant institutions and bodies in natural 

resources management (Water Act, 2002).  

 

The results from in-depth interviews revealed that the basin has no water allocation plan, a 

key requirement for equitable allocation and sustainable water resource use. The current 

water allocation system has not included water resources users associations (WRUAs). 

Effective and sustainable water resources and catchment management requires local 

community participation, therefore the current water allocation system should include 

WRUAs and also seek to involve all stakeholders in the management of natural resources in 

the basin. The existing water abstraction facilities are not adequately metered. This implies 

that compliance to permit conditions cannot be enforced and satisfactory regulation of 

water use cannot be achieved. In the absence of metering, consumers have no idea of how 

much water they use, and the water agency cannot quantify the amount of water each 

consumer abstracts. This can lead to inefficient water use, water deficits, over-abstraction 

and even depletion of the resource. Continued deforestation and encroachment of water 

catchment areas (water towers) for agriculture, settlement and timber harvesting 

demonstrate challenges to water catchment protection. Degradation of the catchment areas 

can lead to decreased water flows in rivers which may, consequently, cause conflict over 

water resource use and impact on other major water uses such as energy, agriculture and 

eventually affect the gross domestic product (GDP). These shortfalls have the potential to 

cause water deficits and related conflicts. There is therefore the need to examine the 

influence of the current water allocation system on equity and sustainability of the resource 

in the basin. 
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4.5 Summary, conclusions and recommendations 

The objective of this chapter entailed assessing water resources availability vis-à-vis the 

current demand by establishing the water potential in the basin, determining the spatio-

temporal variations of the available water resources, estimating various uses to which water 

is put in the basin, and examining other factors that impact on water availability. 

 

Estimates of water resources potential  of the Nyando River revealed a total annual flow at 

gauging station 1GD03 of about 580 Mm
3
 (mean flow of 18.39 m

3
/s) against an average 

annual water demand of 105 Mm
3
 (mean flow of 3.3 m

3
/s). This means that the basin’s 

water availability far exceeds the sectoral water demands and the basin’s water resources 

have the potential to achieve SDGs if effectively managed.  

However, the results revealed increasing water deficits among the major consumers that 

sometimes results in rationing and scaling down of industrial production in some industries, 

and banning irrigation activities by the water allocation agency. The results further show 

significant temporal variations in flows between the monthly, the dry and wet year flows in 

all the sub-catchments, with possible consequences on demand and sustainable water 

resources, hence the need arises to examine water allocation, which is done in the next 

chapter. However, the study identified lack of water measuring and storage facilities by 

both water consumers and the water allocation agency which makes it difficult to assess 

and control water abstraction and enforce compliance to permitted water use. Moreover, in-

depth discussion with the water supply scheme managers revealed water unaccounted for of 

up to 60% which was attributed to poor maintenance and ineffective water allocation 

system. Flat rate billing of water is a recipe for misuse because it does not provide any 

incentive for conservation. The level of water loss demonstrates inefficient water resources 

utilisation which can potentially contribute to water shortages and reductions in flow.  

 

Results revealed that irrigation consumes 70.8% of the total water demand, followed by 

domestic demand at 19.4%, livestock at 5.2% and industrial at 4.6% which implies that if 

irrigation efficiency is improved, then substantial savings in water use can be achieved. 

Moreover, FGDs and field observations revealed unlined, silted up and poorly maintained 

canals which, together with the flooding method of irrigation used, can promote significant 

loss of water. Even just maintaining the conveyance and the water distribution system in 

irrigation systems and recycling water in industrial production can considerably reduce 

water loss. However, due to high temporal river flow variations and rapidly increasing 
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socioeconomic development, particularly in irrigation and industrial production which are 

usually at their peak during low flows, the provision of storage facilities also becomes 

pertinent. 

 

The other factor identified that impacts on water availability in the basin is poor natural 

resources management. Results revealed poor water catchment and water resource 

management; encroachment on wetlands and farming on steep slopes and riparian lands 

which could be contributing to reductions in low flows. 

 

The current water allocation system has neither developed a water allocation plan, recruited 

water resources users associations (WRUAs) nor adequately metered water abstraction 

facilities in the basin. This implies that the water allocation agency cannot match water 

consumption and abstractions. These shortfalls have the potential to cause water deficits, 

and hence there is need to examine the influence of the current water allocation system on 

equity and sustainability of the resource in the basin. From the findings of the study, 

development of a water allocation plan, establishing water resources users associations 

(WRUAs) and installation of water abstraction and monitoring facilities in the Nyando 

River Basin are critical However, it is also worthwhile: 

i. Implementing non-structural measures in managing water resources; 

ii. Protecting water catchments and wetlands from encroachment and degradation; 

iii. Collaborating with all stakeholders to achieve SDGs at catchment level  by 

influencing water users through awareness, incentives and other options that 

discourage wasteful use of water; 

iv. Providing appropriate water infrastructure that meets water security needs; and 

v. Developing a water allocation plan to guide on how to control water demand. 
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CHAPTER 5 

IMPACTS OF WATER ALLOCATION 

In this chapter selected scenarios were simulated using the WEAP model to assess the influence of 

water allocation on the available water resources. Sectors and sub-catchments most vulnerable to 

water shortages were identified and levels of unmet demands determined. The objective was to 

investigate strategies for sustainable water allocation and propose improvements if need be.  

 

5.1 Introduction 

Water is vital for the sustenance of life, environmental conservation and for realising 

SDGs. However, water shortages are increasingly constraining the achievement of 

equitable access to water, general socioeconomic activities and ecosystems integrity 

(Gleick et al., 2009; Mutiga et al., 2010; Speed et al., 2013; Roa Garcia, 2014; Nadiah and 

Suhaimi, 2016). Water shortages can be caused by ineffective water allocation systems that 

fail to match demands and the available water resources (Baur et al., 2000; Franks et al., 

2004; UNESCO, 2006; Kizza et al., 2009; Mounir et al., 2011; WHO, 2003; Speed et al., 

2013). The fear is if water demands are not appropriately matched with the available water 

resources, then demand may outstrip the available water supply and water crises may ensue 

(UN, 2005; Nadiah and Suhaimi, 2016). The question is whether the current water 

allocation system enables the present and future water needs to be satisfied. Water 

allocation can be used to equitably and sustainably apportion the available water resources 

to various uses (ICWE, 1992; Ashton, 2002; UN-WATER, 2006; UN, 2015; Nadiah and 

Suhaimi, 2016). This can be done by comparing temporal flow variations against respective 

demands and identifying times and the levels of water demands in sub-catchments and 

sectors. The scenario analysis in the WEAP model provides a means for evaluating and 

planning water management strategies in light of diminishing water resources (Raskin et 

al., 1992; Levite and Sally, 2002; Yates et al., 2005a;b; Purkey et al., 2007; 2008; SEI, 

2008; Mutiga et al., 2010; Yilmaz et al., 2010; Biju et al., 2011; Speed et al., 2013; Nadiah 

and Suhaimi, 2016).  

 

5.2 Methodology 

The choice of river gauging stations was based on data availability; data length, 

functionality of the gauge and location. The basin was delineated at the selected gauging 

points and shapefiles created and imported into WEAP. Flows were naturalised by adding 
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up estimated water abstractions within the sub-catchments to the observed flows at 

respective gauging points. As the WEAP model can be applied to simulate changes in flow 

and demand in water allocation (Etchells and Malano, 2005), the model was set up by 

comparing the naturalised streamflow and demand (Yates et al., 2005a; Abrishamchi et al., 

2007; McCartney and Arranz, 2007; SEI, 2013).  

 

5.2.1 The model setup 

The WEAP model set up for the Nyando River system was done using streamflow data 

from selected gauging stations (RGSs) which had sufficient data lengths and well spread in 

the basin; 1GD03, 1GB11, 1GB03, 1GB05, 1GC05 and 1GC06 (Figure 3.4). The selected 

RGSs had data from 1968 to 1998 which fall within the 30 years minimum period required 

by WMO for credible hydrological analysis (Figure 5.1).  

 

Figure 5.1: Data availability for RGS (1GD03, 1GB05, 1GB03, 1GC05&1GC06 

 

The sub-catchments were delineated at the selected gauging points into 5 sub-catchments 

(SC1-SC5; Figure 3.4). Flows at each gauging station were naturalised. For example, at 

SC4 the naturalised flows were obtained by first determining the demands from the 

industries, domestic use and livestock watering, and then adding to flows at RGS 1GB03. 

The model verification was done using flow data from gauging station 1GB11 in sub-

catchment SC4 in the upper part of the basin and at gauge1GD03 in sub-catchment 5 (SC5).  

Model verification is the process of confirming that a selected model is able to make 

accurate predictions at a given site. This is done by using different sets of data without 

changing the model parameter values; in this case data sets for 2005-2009 and 2010-2013 
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were used for both stations. The model verification entailed comparing monthly WEAP 

model output flows with the observed monthly flows at the two stations. At the gauging 

station 1GD03 for the period 2005 to 2009, Figure 5.2 shows that the model slightly over-

predicted peak values while there was a good prediction for low flows. The scatter plot of 

the monthly observed flows versus model outputs shows good agreement with R
2
 being 

0.98 (Figure 5.3). At the same gauging station (1GD03), between 2010 and 2013 the 

hydrograph shows that the model over-predicted peak values while there was a good 

prediction for the low flows (Figure 5.4). The scatter plot for the monthly observed flows 

against WEAP output flows shows good agreement with R
2
 being 0.95 (Figure 5.5). 

 

Figure 5.2: WEAP model verification hydrograph at station 1GD03 (2005-2009) 

 

Figure 5.3: WEAP verification Scatter Plot at RGS 1GD03 (2005-2009) 
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Figure 5.4: WEAP model verification hydrograph at station 1GD03 (2010-2013) 

 

 

Figure 5.5: WEAP verification Scatter Plot at RGS 1GD03 (2010-2013) 

 

At the gauging station 1GB11 for the period 2010 to 2013, Figure 5.6 shows that the model 

over-predicted peak flows while there was a good prediction for the low flows. The scatter 

plot of the monthly observed versus WEAP output flows shows good agreement with R
2
 

being 0.88 (Figure 5.7). At the same gauging station, between 2005 and 2009 Figure 5.8 

shows that the model over-predicted peak flows while it showed a good prediction for the 

low flows. The scatter plot of the monthly observed flows versus WEAP outputs shows 

good agreement with R
2
 being 0.72 (Figure 5.9). 
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Figure 5.6: WEAP model verification hydrograph at station RGS 1GB11 (2010-2013) 

 

Figure 5.7: WEAP verification Scatter Plot at RGS 1GB11 (2010-2013) 
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Figure 5.8: WEAP model verification hydrograph at station 1GB11 (2005-2009) 

 

Figure 5.9: WEAP verification Scatter Plot at RGS 1GB11 (2005-2009) 

 

The relationship between monthly observed flows and WEAP outputs indicated high 

coefficients of determination R
2
 of 0.95 and 0.98 at 1GD03, and 0.72 and 0.88 at 1GB11, 

indicating a good model performance. The model could therefore be used as a predictive 

tool in the Nyando River Basin.  

 

The water demand data used were established in Chapter 4. Geographical information 

system (GIS) was used in configuring the Nyando River layout and to georeference the 

study area. GIS tools were used to create the Schematic view. Shape files were introduced 

into the system to form the background for systematic layers.  
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5.3 Scenario selection 

The concept of scenario analysis is to understand the past and present water resource 

situations through observations and analysis as a basis for projecting the likely future trends 

to inform allocation, management and policy in making proactive decisions (Sieber et al., 

2005a; Yates et al., 2005a; Alemayehu et al., 2010; Arranz and McCartney, 2007; 

McCartney and Girma, 2012). The factors which formed the basis of scenarios selection 

were variations in demography, water infrastructural and technological improvements, and 

socioeconomic activities that may affect future water demands. Four scenarios were 

selected to simulate how the river system is likely to evolve in the wake of rising economic 

development and demographic changes, and execution of policies on pricing and efficiency 

of water use for the available water resources. The first scenario to be simulated was a 

business as usual (BAU). BAU is a future scenario where no interventions are undertaken. 

It was selected to act as the starting point for determining the likely water situation if the 

status quo remains and also to give insights about water resources use (SEI, 2005; 2013). 

The inputs into BAU scenario included the current water demands; human population in 

both rural and urban areas, livestock, area under irrigation in hectares and the current 

industrial water use. The current growth rates of irrigation area, population and industrial 

growth are used in this scenario. The inputs were simulated by the model under 

predetermined plausible assumptions with the base year as 2010. The base or the current 

Accounts year is the year from which all scenario simulations are done. The base year 

represents the current status of the water system including the specifications of supply and 

demand on a monthly basis and provides the dataset from which scenarios are built. 

Scenarios explore likely future changes to the system after the Current Accounts year. The 

year 2010 was selected on the basis of data availability for water demand, supply, irrigation 

and industrial production. 

 

Other scenarios selected included a second scenario under high population growth (HPG), a 

third scenario under expanded irrigated area (EIA) and a fourth scenario under improved 

water infrastructure and technology (IWIT) to improve efficient water use. The scenarios 

were selected based on the prevailing conditions, particularly on the major current water 

demand sectors that may take up more water in future. For example, demographic changes 

have major influence on water resources. The Nyando Basin has experienced high 

population growth from four different sources; the original occupants of the area, the 
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emigrant community who came to the basin and settled in the former white highlands; those 

who bought land through land buying companies, squatters who took advantage of 

unprotected public land, and job seekers who came to seek employment opportunities in 

industries and farms in the basin. Some parts of the basin, in particular, SC1, SC2, SC3 and 

SC4 were formerly white highlands. After independence, land buying societies bought land 

and subdivided it into small plots and shared these among their members (Swallow et al., 

2005). This evidently brought in people from outside the basin. The many industries and 

sugar cane and rice farms have created employment and attracted people from outside the 

basin, thus increasing the population in the basin. In any case the Nyando Basin is referred 

to as the industrial hub of the Western region of Kenya.  

 

The current population growth rate is estimated at 3.2% (KNBS, 2010). However, there 

are upcoming industries such as the timber treatment plant and cement manufacturing 

factories at Awasi town (SC5), Karebe Gold mining, and Chemase National Irrigation 

Scheme in SC4, tea and coffee industries in SC3, and the stalled Miwani Sugar industry 

which is being revived. There are also new coffee and tea firms and factories in SC3 

and SC4. These economic activities are already attracting many people to the basin and 

a higher population growth rate than the current rate is envisaged. The study therefore 

assumed a moderate population growth rate of 4%. Moreover, some parts in SC1 like 

(Kipkelion) is already growing at a rate of more than 6% (KNBS, 2010). Even the 

design plan adopted by the MWI and WRMA for water and sanitation project in SC1 

(Kipkelion Sub-county) adopted a population growth rate of 5% (MWI, 2013). 

Moreover, the average national population growth rate for the current development plan 

in Kenya is 5% (KNBS, 2010; MWI, 2013). Other basins in Kenya have also 

experienced high population growth rates. In the Lake Naivasha basin the growth rate is 

13% (Hemel, 2013) and in the Ewaso Ngiro River Basin the growth rate is about 7 % 

(Mutiga et al., 2010). The average national population density in 2009 was 71 persons/ 

km
2
 while for the Nyando basin population density it was 314 persons/ km

2
 (KNBS, 

2010). 

 

On irrigated agriculture, field observations and a review of government reports and 

FGDs reveal that irrigation has been expanding rapidly in the basin, particularly in the 

last decade; Ahero National Irrigation Scheme area increased from 830 ha to 1200 ha 

and the S/W Kano irrigation scheme increased from 800 ha to 4600 ha between 2007 
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and 2015 representing an increase of more than 300%. Expansion of irrigated area is 

possible because the current irrigated area is only 23% of the total potential irrigable 

area of 25000 ha (Dienya, 2007). The challenge has been insufficient water and related 

infrastructure. From an in-depth discussion with the National Irrigation Board 

representative at the Ahero irrigation office, the annual growth rate in area is 2% mainly 

from the outgrowers and self-help groups. While the irrigation policy (GoK, 2015) puts 

emphasis on expanding irrigation to attain food security, there is the need to establish 

the level of improved water infrastructural and technological (IWIT) developments on 

the ground to support the implementation of the policy.  

 

For each simulation done, the main outputs analysed included the degree to which 

different sectoral water demands are satisfied, the extent to which environmental flows 

are met, and any water shortages experienced. The information derived from the 

scenarios can inform general water resources management in terms of providing 

knowledge of potential future water problems, help formulate and or improve water 

allocation policies and practices and suggest management alternatives.  

 

5.4 Results and discussion 

5.4.1 Industrial water demand  

In-depth discussions with the management representatives of the industries revealed that on 

average industrial production grows at 2.2% annually which is commensurate with the rate 

of increase in water use. Based on that rate of growth, projections show that annual 

industrial water use will rise from 4.5 Mm
3
 in 2010 to 7.20 Mm

3
 (60%) in 2030. On a 

monthly timescale projections show that total monthly industrial water demand will 

increase from its current value in January of 374,492 m
3
 to 601, 825 m

3
 by January 2030 

(Figure 5.10, 5.11, Annexure 5.1, 5.2).  
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       Figure 5.10: Nyando Basin, total monthly industrial water demand 

 

Figure 5.11: Projected industrial annual water demand per industry until 2030  

Owing to the fact that the industries already experience water deficits, the projected growth 

of about 60% may not be attainable unless appropriate interventions are instituted by both 

the water allocation agency and each respective industry.  

 

5.4.2 Domestic water demand 

The annual population growth rate in the basin is 3.2% (KNBS, 2010). Projections show 

that the population will increase from 1.1 M in 2009 (KNBS, 2010) to 2.13 M in 2030, an 

increase of 93.64%, about double the current population. The basin currently has no 

modern waterborne sewerage system in any urban centre and consumers depend mostly on 

pit latrines and septic tanks. However, in-depth interviews revealed that most urban centres 

intend to put up waterborne sewerage systems. For example, at SC1 in Kipkelion town the 

construction of a modern waterborne sewerage system is underway implying that domestic 
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water use will rise and lifestyle changes that come with that facility will significantly affect 

water use. As such, the direct water abstraction may not provide adequate water all the time 

hence there is need for water dams. The current average monthly water demand in the basin 

is about 1.45 Mm
3
 and is projected to increase to 2.5 Mm

3
/month by year 2030, (Figure, 

5.12). On an annual scale domestic water demand is projected to increase from its current 

accounts of 19.22 Mm
3
/year to 36.1 Mm

3
/year in 2030 (Figure, 5.13).  

 

Figure 5.12: Projected total monthly domestic water demand until 2030 

 

 Figure 5.13: Projected annual domestic water demand until 2030 

 

Other factors that may influence the future water consumption patterns are lifestyle changes 

requiring the expansion of water supply schemes, rural urban migration as a result of 

employment opportunities created by the upcoming industries and other socioeconomic 

activities in the basin, and the promulgation of the new constitution which created county 

governments which have elevated most markets to urban status. Technological progress and 

WDM can influence water use and decrease water shortages. 
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5.4.3 Irrigation water demand 

The annual irrigation water demand of 70 Mm
3
 (currently) is expected to increase as 

irrigation farms expand in the lower catchment. In an in-depth discussion with the irrigation 

board representative, rice outgrowing is expanding at an annual rate of 2%. Based on the 

2% annual increase, projections show that by 2030 the annual irrigation water demands will 

be more than 104 Mm
3
. A further increase in water demand will be experienced when the 

proposed Chemase Irrigation Scheme is operational (GoK, 2015). The Chemase rice 

irrigation scheme under the National Irrigation Board is scheduled to commence in 2018.  

 

According to FGDs with the farmers and in-depth interviews with the scheme 

representatives, the irrigation schemes experience water shortages almost annually 

especially the SW Kano irrigation scheme. The water shortages are attributed to fact that 

the peak of irrigation activities coincides with the low flow season when the available water 

cannot adequately meet all the demands. According to the cropping calendar released by 

NIB, water demand in the basin is at its maximum in the month of August when the 

growing of rice is at its peak (Figures 4.14, 4.15). Moreover, lack of impoundments forces 

irrigation activities to draw water from the natural flow, as opposed to drawing water stored 

in dams as the policy and permit conditions stipulate.  

 

5.4.4 Livestock water demand  

Projections show that monthly livestock water demand will rise from its current value of 

0.45 Mm
3
/month to 0.75 Mm

3
/month in 2030 at a livestock growth rate of 3.2% per annum 

(MoLD, 2014, Figure, 5.14). Projections show that SC1 will experience the highest 

livestock monthly water demand increase from its current monthly rate of 0.14 Mm
3
 to 0.26 

Mm
3
 in 2030. SC2 is projected to experience the least increase from the current 0.03 Mm

3
 

to 0.05 Mm
3 

in 2030.  

Annual livestock water demand is projected to rise from its current 4.8 Mm
3
 in 2010 to 

9.6 Mm
3
 in 2030. This is double the current water demand. Water allocation and 

management strategies should factor this increase in water demand for the sustenance of the 

livestock industry and to ensure food security.  
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Figure 5.14: Projected total monthly livestock water demand until 2030 

 

5.5 Water deficits 

5.5.1 Water deficits under business as usual scenario 

As water use sectors already experience shortages, the level of water deficits in each sector 

needs to be quantified for appropriate interventions to be instituted. The results reveal an 

annual recurrence of water deficits for all the major water consumers including agriculture, 

domestic, industrial and livestock uses at varying degrees throughout the year. The water 

deficits experienced in April, May and June are 0.2 Mm
3
,
 

0.1 Mm
3 

and 0.1 Mm
3 

respectively, while in July and August the deficits are 1.0 Mm
3
 and 4.1 Mm

3
 respectively. 

The deficits progressively drop to 1.9 Mm
3 

in September, 0.7 Mm
3
 in October, 0.4 Mm

3
 in 

November, 0.38 Mm
3
 in December, 0.37 Mm

3
 in January, 0.38 Mm

3 
in February and 0.35 

Mm
3
 in March (Figure 5.15). The total annual deficit is 9.7 Mm

3
 while in the critical 

months from July to October, the basin experiences a total water deficit of 7.7 Mm
3
. July to 

October is the peak water demand period in the basin, as such the water allocation agency 

should equitably apportion the available water to the various demands in the short run and 

plan on how to enhance water availability to satisfy all current and future demands without 

compromising environmental flows given that water demands are rising. 
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Figure 5.15: Monthly water deficits for all major user sectors in the basin 

 

Monthly water deficits are projected to increase from 0.8 Mm
3
 during December 2010 to 35 

Mm
3
 during August 2026, while at an annual scale, the deficits will increase from 1.9 Mm

3
 

to 68.8 Mm
3
 in the same period. As such it is necessary that the available water resources 

are allocated equitably to the current uses while instituting long-term measures on how to 

improve water availability to avoid over-abstraction and any water crises. 

 

5.5.2 Industrial water deficits 

The results reveal that under BAU scenario the main industries in the Nyando Basin 

experience water deficits in the dry season months between November and the beginning of 

April (Annexure 5.1). In dry seasons, water levels in the river drop to depths which 

constrain pumping and diversion. The highest monthly deficit of 34,100 m
3
 is experienced 

in March and the total annual deficit is 128,000 m
3
 (Annexure 5.1). However, the monthly 

water deficits vary temporally from one industry to another. For example, Homalime 

experiences the highest monthly unmet demand at 18,300 m
3
 in March and an annual 

deficit of 83,400 m
3
 (Figure 5.16, Annexures 5.1, 5.2).  
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Figure 5.16: Monthly industrial water demands unmet under BAU scenario 

Currently all the industries abstract water directly from the river, which at times cannot 

sustain industrial production at full capacity. The planned expansions in industrial 

production and the proposed new industries should have appropriate interventions such as 

demand management measures. Water infrastructural development in terms of water 

storage facilities and efficiency in water use can help reduce the increasing water deficits. 

Given that the industries use water to cool boilers means that much of the used water can be 

recycled. This was confirmed during an in-depth discussion. The industries use between 20 

and 30 % of the water abstracted for cooling the boilers. This means that with recycling a 

saving of about 70% on industrial water usage can be achieved. Appropriate tariffs and 

metering facilities are necessary in the industrial sector due to the large quantities of water 

used with minimum return flows. The industries should be compelled to provide water 

storage tanks and also install water measuring facilities to ensure their actual water usage. 

The water allocation agency should implement WDM; install water measuring facilities and 

develop an appropriate tariff structure to act as incentives to the consumers to give water an 

economic value to enable it be used efficiently so as to promote equity and sustainability. 

 

5.5.3 Irrigation water deficits 

The two major irrigation schemes in the basin, Ahero and SW/Kano, experience water 

deficits between July and October to the tune of 7.5 Mm
3
. The highest unmet demand of 

4.0 Mm
3
 is experienced in August alone (Figure 5.17, Annex 5.3). At Ahero irrigation 

scheme the highest water deficit of about 0.543 Mm
3
 is experienced in August and the total 

annual deficit is about 1 Mm
3
 (Figure 5.17, Annex 5.3). At SW Kano Irrigation Scheme the 
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highest water deficit at 3.5 Mm
3
 is experienced in August and the total annual unmet 

demand is about 6.5 Mm
3
 (Figure 5.17, Annex 5.3). 

 

Figure 5.17: Monthly irrigation water deficits at the two major irrigation schemes under 

BAU scenario 

FGDs and in-depth interviews revealed that the SW Kano irrigation scheme has 

management problems, being a self-help scheme, the unplanned rapid expansion of the 

scheme has outgrown the existing water infrastructural capacity; the water diversion and 

distribution canals can no longer sufficiently convey irrigation water requirements even 

when sufficient water is available. Furthermore, the diversion canal to the scheme has no 

water measuring facility, thus making it difficult to abstract predetermined amounts to 

either satisfy the irrigation water requirement or plan for the expansion of the scheme 

commensurate with the water supply infrastructure in place (Plate 5.1).  

Plate 5.1: SW/Kano canal intake has no measuring device to determine and control the 

diverted flow 
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The water allocation agency should provide storage and improve the existing water 

infrastructure to enhance efficiency in water utilisation. The improvements should include 

redesigning and modifying the diversion headworks to include silt ejectors and silt 

excluders to reduce the amount of silt entering the canals, a flow measuring device to 

enable easy determination of the quantity of water diverted, the lining and regular 

maintenance of canals. 

 

5.5.4 Water deficits under expanded irrigation area and improved water infrastructure 

and technology 

Under an expanded irrigation area annual water deficits are projected to increase from the 

current deficit of 27.6 Mm
3
 to 165.1 Mm

3
 in 2027. On a monthly scale, during the month 

of August water deficits are projected to increase from the current 4.0 Mm
3
 to 14.3 Mm

3
 

(Figure 5.18) and the total deficits for all the months are projected to increase from 7.5 Mm
3
 

to 27.6 Mm
3
. However, under IWIT the total annual irrigation water deficits show a 

decrease from 92.4 Mm
3
 to 82.7 Mm

3
 in 2030 (Table, 5.3), while at individual schemes, the 

SW Kano irrigation scheme is projected to experience a reduction in deficits from 84.8 Mm
3
 

under EIA to 78.4 Mm
3
 under IWIT, and at Ahero from 7.6 Mm

3
 under EIA to 4.3 Mm

3
 

under IWIT (Table 5.3). 

 

Figure 5.18: Monthly irrigation water deficits at the major irrigation schemes under EIA 
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Table 5.3: Projected annual irrigation water deficits under EIA and IWIT by 2030 

 Ahero irrigation 

scheme 

SW/ Kano irrigation 

scheme 

 

Sum 

Expanded irrigation area (EIA) 7.6 84.8 92.4 

Improved water infrastructure and 

technology (IWIT) 

4.3 78.4 82.7 

The results show that under improved water infrastructure and technology reductions in 

water deficits in the irrigation schemes can be achieved. However, the magnitude of the 

deficits experienced and the nature of the expansion in irrigated area envisaged, require an 

integrated approach based on both supply and demand management strategies.  

 

5.5.5 Domestic water demand unmet under business as usual and high population growth 

The results reveal that under both BAU and HPG scenarios domestic water demands are not 

fully met in the basin. The highest deficits are experienced from November to March 

(Figure 5.19). The total monthly domestic water deficits are about 1.28 Mm
3
 under BAU 

(Figure 5. 19, Annexure 5.4). Projections show that under BAU scenario the annual 

domestic water deficits will increase from about 1.3 Mm
3
 in 2010 to 5.7 Mm

3
 in 2022. 

Under HPG scenario the basin is projected to experience domestic water deficits throughout 

the year, the highest deficits at 0.44 Mm
3
 being experienced in March while the annual 

deficits total to 2.66 Mm
3
 (Figure 5.19, Annexures 5.4a and 5.4b).  

 

Figure 5.19: Monthly domestic water deficits in the Nyando River Basin under  

BAU and HPG scenarios 

http://etd.uwc.ac.za/



 

91 

 

At sub-catchment level, the sub-catchments hit most are SC1, SC2 and SC5 which 

experience annual water deficits at 1.5 Mm
3
, 0.21 Mm

3
 and 0.29 Mm

3
 respectively. This 

implies that the water allocation agency should give priority to SC1 when resolving water 

deficits. At monthly timescales domestic water deficits experienced in SC1 range from 

25,864.2 m
3
 in October to 175,051.3 m

3
 in February (Figure 5.20, Annexure 5.5). Annual 

projections show that at the sub-catchment domestic annual deficits will increase from 

about 806,000 m
3
 in 2010 to 2,084,667.1 m

3
 in 2026. 

 

Figure 5.20: Monthly domestic water demands unmet at SC1under BAU scenario 

Under HPG, all the months are projected to experience water deficits throughout the year, 

but the critical months will be from November at 240,000 m
3
 to February at 328,789.5 m

3
 

(Figure, 5.21, Annexures 5.6a, 5.6b, 5.7). The rising water deficits in SC1 could be due to 

the ineffectiveness of the water allocation system, increased socioeconomic activities, high 

population growth and water catchment degradation which, if not well managed, may 

impact on environmental flows. 
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Figure 5.21: Monthly domestic water demands unmet at SC1 under HPG scenario 

 

5.6 Summary, conclusions and recommendations 

The objective of water allocation is to match demand with the available supply in the basin 

through the use of the Water Evaluation and Planning (WEAP) model. The WEAP model 

verification for the basin indicated a good model performance. The relationship between 

monthly observed flows and the model outputs showed high coefficients of determination 

R
2
 at 0.95 and 0.98 at gauging station 1GD03 and at 0.72 and 0.88 at station 1GB11. Thus, 

the model could therefore be used as a flow predictive tool in the Nyando River Basin.  

 

The total water demand in the basin is projected to increase from its current accounts of 

105 Mm
3
 to about 240 Mm

3
 by 2030 (130%). At sectoral level, industrial demand is 

projected to increase from 4.50 Mm
3
 in 2010 to 7.22 Mm

3
 by 2030, domestic from 19.22 

Mm
3
 in 2010 to 36.1 Mm

3
 in 2030, irrigation from 70 Mm

3
 in 2010 to 127 Mm

3 
in 2030 

and livestock from 4.8 Mm
3
 in 2010 to 9.6 Mm

3
 in 2030. Results reveal that despite water 

resource availability in the Nyando River, water demands for the major water users are 

not fully met. Results reveal occurrence of water deficits for all the major water 

consumers at varying degrees throughout the year. Projections show a progressive 

increase in monthly water deficits from 0.8 Mm
3
 in December 2010 to 35 Mm

3
 in August 

2026 (400%), while at an annual scale, the deficits are projected to increase from 1.9 

Mm
3
 to 68.8 Mm

3
 (300%) during the same period.  
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The sector hit most is irrigation where projections show that water deficits will rise from 

its current annual deficit of about 3 Mm
3
 to about 93 Mm

3
 by 2030. While results reveal 

that the basin’s water potential is adequate to cater for the present and future water needs, 

the water allocation agency appears unable to match the increasing water demands with 

the available water resources. The current water allocation system needs to impress on 

major water consumers the need for increased water use efficiency for irrigators, the use 

of new improved methods of irrigation other than the inefficient flooding irrigation 

methods used, and adequate water abstraction control structures which all promote water 

savings, changes in cropping patterns and the use of new improved varieties of different 

crops species that do not require plenty of water in their production. 

 

High population growth and increased socioeconomic activities, which together with 

natural resource mismanagement, have increased water demand beyond the current 

infrastructural capacity and the available water resources and have resulted in 

occasional water rationing during severe water shortages. While considerable reductions 

in water deficits are achievable under IWIT, the magnitudes of the reductions are 

dependent on the inputs which, in turn, are dictated by several factors which the current 

water allocation and management strategies do not fully provide. For example, the basin 

lacks a WAP and economic instruments which would enhance the implementation of 

IWRM strategies. 

 

The use of WDM instruments such as water permits, installation of meters and the 

provision of appropriate tariff structure can substantially cut down water wastage and 

significantly reduce the increasing water deficits. Appropriate measures including both 

supply and demand management strategies; flood water conservation facilities such as 

dams; rain water harvesting including roof catchments and surface water pans can reduce 

the high water deficits currently being experienced. It should be made mandatory that 

each major water abstractor, particularly irrigators and industries, develop dams of 

volumes equivalent to at least four months of their water consumption to trap flood water 

to ensure water security in the basin and assure the consumers of uninterrupted supply, 

even during prolonged dry seasons which sometimes continue for up to four months. 

 

Under an IWIT scenario considerable reductions in unmet demand are achievable. For 

example, recycling water in industrial production can save as much as 70% of industrial 
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water use and reduce the deficits by that magnitude. However, the magnitude of the deficits 

experienced need to be managed through an integrated approach to promote the 

implementation of IWRM objectives, enforce permit conditions, catchment protection and 

conservation through an all-inclusive approach to enhance water availability. The results 

also confirmed that the WEAP software can provide the means for evaluating and planning 

water management strategies in light of diminishing water resources and assist in 

improving WRM approaches by continually balancing the available water resources and 

demand for current and future and ensure environmental flow requirements (EFRs).  

 

However, projections show that the total annual demand will still remain far below the 

annual water availability by 2030. Projections show that the annual water demands by 2030 

will only be 240 Mm
3
 against water resources availability of 580 Mm

3
. This shows that the 

water shortages in the basin are primarily due to economic factors and poor management of 

the resources. As such, the main interventions should include supply and demand measures, 

and environmental conservation in the basin which if not addressed may result in over-

abstraction and impact negatively on environmental flows. 
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CHAPTER 6 

EFFECTS OF THE CURRENT WATER ALLOCATION ON ENVIRONMENTAL 

FLOWS IN THE BASIN 

 

6.1 Introduction 

Environmental flow requirements (EFRs) is the quantity of water purposely left in or released 

into a river system, in case of shortage, to sustain it in an agreed condition that supports its 

riverine ecosystems and services they provide (King et al., 2003; Smakhtin et al., 2006; 

Kashaigili et al., 2007; Mazvimavi et al., 2007; WRMA, 2009b). In basins where EFRs have 

not been factored or sustained in water allocations, river flow regimes have changed and 

ecosystem integrities have been affected (Kimmerer, 2003; Jury and Vaux, 2005; Arthington 

et al., 2006; Ritcher et al., 2006; Zheng et al., 2007; Poff et al.,  2010; Vorosmarty et al., 

2010; FAO, 2012; Sivapalan et al., 2012). The question is whether, under the current water 

allocation and resource management, EFRs are being sustained in the Nyando River. The 

objective of this chapter was to determine whether the water allocation agency (WRMA) 

retains EFRs in rivers to sustain essential ecosystem processes and services, and flow. 

Sustainability is a key principle of the Kenya Water Act (2002). The Act asserts that while 

water resources are meant to promote social welfare and economic development, EFRs must 

be provided to ensure sustainability of water resources (Water Act, 2002; Mutiga et al., 2010). 

 

All components of a river flow regime are ecologically significant (Smakhtin and Anputhas, 

2006). As such, EFRs should comprise the quantities of water needed including when and 

how it ought to be flowing in the river. Studies have proposed different EFRs ranging from 

70% of natural flows during normal flows to 95% during droughts (Mathews and Ritcher, 

2007; Yang et al., 2009; King et al., 2008; WRMA, 2007; LVBC&WWF-ESARPO, 2010). In 

Kenya Q95 (the flow which corresponds to or surpassed 95% of the time at a gauging station) 

and Q80 represent thresholds for EFRs and normal flows, respectively, as defined by WRMA 

(2007). However, studies have shown that Q90 and Q95 flows are so low that they force 

many components of healthy ecosystems to be extinct (Acreman et al., 2006; Acreman and 

Ferguson, 2010; LVBC&WWF-ESARPO, 2010). Studies show that EFRs flows at Q80 

maintain and sustain ecological integrity in most river systems (Ritcher et al., 2012). On that 

basis, this study assumed Q80 as the minimum threshold for EFRs.  

 

This chapter aims to contribute towards water allocation planning process by establishing 
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whether the prescribed and proposed EFRs are being met and if need be, propose 

improvements in water allocation management to uphold the provision of EFRs in practice. 

In that regard, the study specifically set out to 

 Determine if the prescribed EFRs of Q95 is being met, 

 Determine if the proposed Q80 EFRs is also being met, and 

 Propose improvements in water allocation to ensure EFRs and water availability if 

need be 

 

6.2 Methodology 

Assessments of EFRs were conducted at selected river gauging stations. The selection 

criterion is described in Chapter 3. Flow duration curves (FDC) were developed for the 

selected gauging stations on a monthly time scale. While streamflow records integrate the 

climatic, topographic, and geologic effects, and give temporal distributions of runoff 

(hydrographs), flow-duration curves provide convenient means for analysing flow 

characteristics of streams (Castellarin et al., 2004).  

 

Flow-duration curves (FDC) are cumulative frequency curves that depict percent of times 

certain discharges are equalled or exceeded during specified periods (Jha et al., 2014; Atieh 

et al., 2017). Flow duration curves indicate the integrated effects of the various factors that 

affect river flows and also help appraise the characteristics of drainage basins. In other 

words, FDCs provide graphical representations of the frequency distribution of complete 

flow regimes. To develop a FDC at least 10 years of flow data is required (Croker et al., 

2003; Atieh et al., 2017). FDCs analyses help to establish the level at which EFRs or 

environmental flows are met and sustained in a particular river. The information derived 

can also be used for water supply and water quality assessments, evaluation of river 

habitats and in hydropower projects designs.  

 

For each month the average monthly flow data were ranked in a descending order for the 

total of n values. Each discharge value was given a rank (M) starting with 1 for the largest 

value of discharge and then the exceedance probability determined using the formula given 

below. 

Exceedance probability (P) is calculated as follows: 

P = 100 [M / (n + 1)]                               (6.1)  

Where, P = the probability that a given flow will be equalled or exceeded (% of time)  

              n = the number of events for period of record (dimensionless) 
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             M = rank of the flow 

The provision for EFRs has been universally recognised as a basic right, as such in this 

study environmental flows are regarded as part of demand such that the term total demand 

encompasses environmental flows and sectoral water demands. In other words EFRs are 

considered as demands and basic rights of rivers (Gleick, 1998).  

 

Q80 was the study assumed value while Q95 is WRMA’s prescribed value. Monthly flow 

values for Q95 and Q80 at the gauging stations were derived from naturalised flows and 

used together with the demands for each month to examine if the current water allocation 

system retains the minimum monthly flows in the river to maintain and sustain ecosystem 

integrity. FDCs for each month (January to December) were developed for the selected 

gauging stations.  

 

6.3 Results and discussion 

6.3.1 Flow duration curve analysis for RGS 1GD03 

FDC can be used to describe flow characteristics and variability in a river against EFRs and 

sectoral demands. A FDC can be used to determine the percentage of exceedance of flow by 

depicting the relationship between flow magnitude and frequency (Vogel and Fennessey, 

1994). Naturalised flows for the selected gauging stations were used to determine flow 

characteristics in the river. The results are structured in such a way that they show the 

percentages of time during each month at each station that total demands (EFRs and the 

sectoral demands) are met.  

 

At station IGD03 on the main Nyando River at Ahero, in January the Q95 EFRs is 0.12 

m
3
/s and the water demand is 3.1 m

3
/s. This means that the least flow to be retained in the 

river throughout January should be 3.22 m
3
/s to cater for both EFRs and the demands. 

However, analysis shows that this value is met only 63% of the time during January. The 

implication is that 37% of the time during the month there is insufficient flow to satisfy 

both EFRs and demands. If the proposed EFR at Q80 is considered then the total demand 

for January is met only 48% of the time (Figure 6.1; Table 6.1). The results show that at 

both thresholds EFRs are not met 100% of the time during the month, hence possibilities of 

over-abstraction exist. The challenge is that over-abstractions take long to be noticed 

(Speed et al., 2013; Adgolign et al., 2016). River systems where over-abstractions have 

been experienced include the Murrumbidgee River in Australia which was over-abstracted 
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for 30 years before any effects in flow were noticed (Sivapalan et al., 2012). Owing to the 

same reason the Usangu River in Tanzania ended up drying for 11 years (Kashaigili et al., 

2007). This means that the water allocation agency must put measures in place to protect 

and ensure that EFRs are retained and sustained in January. The water allocation system 

should adopt Q80 and develop ways of sustaining it and ensure adequate allocations to the 

increasing sectoral demands so as not to infringe on the rights of EFRs and endanger the 

river system. The annual January monthly flows show variability but mainly fluctuating 

between 0- 10 m
3
/s (Figure 6.2).  

 

 

 Figure 6.1: Flow duration curve showing percent time exceeded for January (1950-2012) 

 

 

 Figure 6.2: January flow variability from 1950 to 2012 

 

In February Q95, Q80 flows and water demands were 1.04 m
3
/s, 2.26 m

3
/s and 2.3 m

3
/s 

respectively. Water demands are met 79% of the time, but if EFRs at Q95 is considered then 

the total (EFRs and sectoral) demand is met 64% of the time. The implication is that 36% 
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of the times in February water deficits are experienced in the basin. However, if the 

environmental flows were pegged at Q80 then the total demand would be met only 53% of 

the time (Figure 6.3; Table 6.1). The available water does not meet EFRs and sectoral 

demands at both thresholds. The February monthly flows vary between 0- 10 m
3
/s (Figure 

6.4). The water allocation agency should retain the EFRs and match demands with the 

available water for short-term and device ways to enhance water availability in the long-run 

to counter the looming threats to EFRs from demands. 

 

 

 Figure 6.3: Flow duration curve showing percent time exceeded for February (1950-2012) 

 

 

Figure 6.4: Annual February flow variability from 1950 to 2012 
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The months of March and April had similar results to January and February as shown in 

Table 6.1. May is a rainy season in the basin and the water demands are met 100% of the 

time when EFRs are not considered. If EFRs at Q95 are considered then the total demand is 

met 93% of the time. If EFRs are considered at Q80 then the total demand would be met 

78% of the time (Table 6.1; Annexure 6.3). This means that even during rainy seasons, 

flows fall short of satisfying EFRs 100% of the time in May. The May monthly flows 

mainly fluctuate between 2.74 m
3
/s and 40 m

3
/s (Annexure 6.3). The months of June and 

July had similar results to January and February as shown in Table 6.1.  

 

Flow duration analysis for the month of August was vital because of the additional high 

withdrawals for irrigation activities bringing the sectoral demands to 5.4 m
3
/s. Results 

reveal that in August without considering EFRs the sectoral water demand is met 93% 

(Figure 6.7; Table, 1). However, when EFRs are considered at Q95, the demand is met 83% 

of the time and at Q80 the total demand is met 66% of the time (Table 6.1, Annexure 6.6). 

The monthly August flows fluctuate between 5 m
3
/s and 40 m

3
/s (Annexure 6.6). 

 

The results on Table 6.1 show the same pattern repeated in the other months both in 

hydrographs and FDCs (Annexures, 6.1-6.10), the bottom line is that EFRs and the 

demands are not met between 58% of the time in December and 93% of the times in May. 

This means that during the deficit times the water allocation agency is obligated to retain 

and sustain the EFRs and match the remaining available water resources with the various 

demands according to their order of priority (Figure 6.5). Alternatively, water availability 

can be enhanced by both supply and demand management. 
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Table 6.1: FDCs analysis for RGS 1GD03  

Month Demand 

D(m3/s)  

%time met Q95 flow 

(m3/s) 

Q95+D 

(m3/s) 

%time met Q80 

(m3/s) 

Q80+D 

(m3/s) 

%time 

met 

Jan 3.1 65 0.12 3.22 63 1.88 4.98 48 

Feb 2.3 79 1.04 3.34 64 2.26 4.56 53 

Mar 1.9 83 0.86 2.76 67 2.06 3.96 56 

Apr 1.16 92 1.6 2.76 87 3.7 4.86 73 

May 1.00 100 2.43 3.2 93 9.00 9.77 78 

Jun 3.4 93 2.60 6.00 85 7.600 11.00 66 

Jul 4.2 88 2.01 6.21 81 6.63 10.83 64 

Aug 5.4 93 4.67 10.07 82 10.52 15.92 65 

Sept 5.1 90 3.38 8.48 82 9.50 14.6 65 

Oct 4.6 82 2.15 6.75 69 4.96 9.56 58 

Nov 3.9 78 1.70 5.60 69 3.70 7.60 55 

Dec 3.5 69 1.04 4.54 58 2.50 6.00 47 

 

 

 

Figure 6.5: Percentage of times the environmental flows and demand are met in  

the months at station 1GD03 

 

6.3.2 Flow duration curve analysis for RGS 1GC06 (SC1) 

Sub-catchment 1 (SC1) was identified as a water deficit hotspot in the basin. In January the 

sectoral water demands (0.23 m
3
/s) are met 69% of the time. However, when EFRs are 

factored in at Q95 (0.14 m
3
/s) then the total demand (0.37 m

3
/s) is met only 54% of the 

time. With Q80 EFRs being 0.17 m
3
/s, but when demand is included then the total demand 
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at 0.4 m
3
/s is met only 51% of the time (Figure, 6.6). The implication is that there are 

possibilities of infringing in the rights of EFRs in the month unless the water allocation 

system puts in place appropriate measures to satisfy the deficits. The hydrograph shows that 

apart from very wet years like 1978, 1998 and 2007 in other years most flows fell below 

1.0 m
3
/s (Figure, 6.7). The results of the subsequent months depict a similar pattern (Table 

6.2, Figure 6.8 and Annexures 6.9-6.19). 

 

 

Figure 6.6: Flow duration curve for RGS 1GC06 for the month of January (1970-2012) 

 

 

 

Figure 6.7: Hydrograph for RGS 1GC06 for the month of January (1970-2012) 
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Table 6.2: FDCs analysis for RGS 1GC06 at sub-catchment 1 (SC1) 

Month Demand 

D(m
3
/s)  

% time 

met 

Q95 

flow 

(m
3
/s) 

Q95+D 

(m
3
/s) 

% time 

met 

Q80 

(m
3
/s) 

Q80+D 

(m
3
/s) 

% time 

met 

Jan 0.23 69 0.14 0.37 54 0.17 0.4 51 

Feb 0.23 75 0.14 0.37 43 0.17 0.4 40 

Mar 0.23 80 0.12 0.35 53 0.24 0.47 32 

Apr 0.23 87 0.13 0.36 81 0.37 0.6 60 

May 0.23 94 0.17 0.40 85 0.47 0.70 65 

Jun 0.23 92 0.14 0.37 85 0.43 0.66 69 

Jul 0.23 96 0.45 0.68 87 1.31 1.54 76 

Aug 0.23 100 0.57 0.80 94 3.20 3.43 76 

Sept 0.23 100 0.46 0.69 88 1.28 1.51 71 

Oct 0.23 98 0.29 0.52 73 0.44 0.67 65 

Nov 0.23 89 0.13 0.36 75 0.33 0.56 65 

Dec 0.23 77 0.11 0.34 68 0.22 0.45 58 

 

 

 

Figure 6.8: Percentage of times EFRs and water demand are met during the months at 

station 1GC06 
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The results show that in the sub-catchment both EFRs at Q95 and the sectoral water 

demands are met between 43 % of the time in February and 94% of the time in August. The 

water allocation agency is obligated to retain monthly EFRs in the river and either, enhance 

the volume of the available water through supply management or equitably apportion the 

available water to sectors through WDM. This depends on the level at which water supply 

systems are developed and the extent at which WDM is applied in the sub-catchment.  

 

6.3.3 Flow duration curve analysis for RGS 1GB05 

RGS 1GB05 is located on the Kipkurere River in SC3. The sub-catchment covers 454 km
2 

in area and has a population of 142,556 (KNBS, 2010) and 80, 335 TLUs. The total annual 

sectoral water demand was estimated at 8,112,290 m
3
 which translates to 0.26 m

3
/s. The 

hydrograph for the month of February shows that the flows have been varying between 0.33 

m
3
/s and 5.99 m

3
/s (Figure, 6.9). A FDC for February shows that if the EFRs are not 

considered then the sectoral water demands are met 100% of the time. However, when 

EFRs are considered at Q95 (0.43 m
3
/s) then both environmental flows and sectoral 

demands are met 82% of the time during the month of February. FDC analysis results 

reveal that EFRs at Q95 are not met for between 6% and 10% of the time during the months 

in the year, but when EFRs is pegged at Q80 the monthly unmet EFRs increases to between 

20 and 37 % of the time (Table 6.3, Figure 6.10, Figure 6.11 and Annexures 6.20-6.21). The 

water allocation agency is obligated to institute measures for managing the deficits and 

improving water availability given that water demands are increasing thus could threaten 

EFRs. As an interim measure the deficits in EFRs can be satisfied from the total flows and 

the remaining water apportioned to the sectoral demands. However, with time other 

measures should be contemplated to ensure sustainability of EFRs.  
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Figure 6.9: Annual February flow variability at 1GB05 (1970 to 2000) 

 

 

  

Figure 6.10: Flow duration curve showing percent time exceeded for February (1970-2000) 
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Table 6.3: FDCs analysis for RGS 1GB05  

 

Month Sectoral 

Demand 

D (m
3
/s)  

% time 

Demand 

met 

Q95 

flow 

(m
3
/s) 

Q95+D 

(m
3
/s) 

% time 

Q95 met 

Q80 

(m
3
/s) 

Q80+D 

(m
3
/s) 

% time 

Q80 met 

Jan 0.26 100 0.36 0.62 92 0.83 1.09 70 

Feb 0.26 100 0.43 0.69 82 0.73 0.99 69 

Mar 0.26 100 0.20 0.46 92 0.80 1.06 63 

Apr 0.26 100 0.55 0.81 89 1.15 1.41 76 

May 0.26 100 1.02 1.28 88 1.77 2.03 74 

Jun 0.26 100 0.44 0.70 94 1.96 2.22 76 

Jul 0.26 100 1.02 1.28 92 2.00 2.26 79 

Aug 0.26 100 1.43 1.79 92 3.20 3.46 77 

Sept 0.26 100 0.9 1.13 92 2.9 3.13 75 

Oct 0.26 100 0.79 1.02 89 1.77 2.00 76 

Nov 0.26 100 0.69 0.92 94 1.92 2.15 74 

Dec 0.26 100 0.41 0.64 94 1.16 1.39 76 

 

 

Figure 6.11: Percent of times EFRs and water demand are met at station 1GB05 
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6.3.4 Flow duration curve analysis for RGS 1GB03 for SC4 

RGS 1GB03 is located in SC4. The sub-catchment area is 507 km
2 

and has a population of 

159,198 (KNBS, 2010) with 85% rural and 15% urban and 87,530 TLUs. The Nandi Tea 

industry a major water consumer in the sub-catchment draws water from Kamasao River, a 

tributary of the Nyando. The naturalised mean monthly discharges range from 0.20 m
3
/s in 

January to 20.85 m
3
/s in August. The total average monthly demand is 0.14 m

3
/s. The 

January monthly flows vary between 0.20 m
3
/s to 8.58 m

3
/s. The FDC analysis shows that 

if the EFRs are not considered the sectoral demand is met 100% of the time. However, 

when EFRs is considered at Q95 (0.39 m
3
/s) then then the total demand is met 93% of the 

time. EFRs at Q80 is 1.34 m
3
/s, but when inclusive of the sectoral demand then the total 

demand is met only 65% of the time (Figure 6.12). The months the sub-catchment 

experiences the highest percentage time (94%) met demand include March, April, May, 

July, August, September and November (Table 6.4). In November, flow registered a 

variation from 0.84 m
3
/s to 62.56 m

3
/s (related to El Nino rains), yet the EFRs and sectoral 

demands were still not met for about 6% of the time in the month (Table 6.4).  

 

Results from the FDCs for all the months in the year show that EFRs at both the prescribed 

value of Q95 and the proposed value at Q80 are not met all the time during the months 

(Table 6.4, Figure 6.13). However, the sub-catchment has a better water supply than the 

others, but still needs some interventions. The immediate intervention would be to 

implement WDM. 

 

 

Figure 6.12: Flow duration curve showing percent time exceeded for November (GB03)  

http://etd.uwc.ac.za/



 

108 

 

 

Table 6.4: Monthly flow range and FDCs analysis for RGS 1GB03 (Average monthly 

demand is 0.14 m
3
/s)  

Month Monthly Flow 

(m
3
/s) 

Q95 flow 

(m
3
/s) 

Q95+D 

(m
3
/s) 

% time 

met 

Q80 

(m
3
/s) 

Q80+D 

(m
3
/s) 

% time 

met 

Jan 0.20-8.58 0.39 0.53 93 1.34 1.48 65 

Feb 0.86-12.58 0.88 1.02 87 1.37 1.51 72 

Mar 0.86-14.42 0.98 1.12 94 1.83 1.97 72 

Apr 1.10-15.92 1.29 1.43 94 3.09 3.23 78 

May 2.37-19.08 2.81 2.95 94 4.99 5.03 78 

Jun 2.51-15.76 2.52 2.66 88 3.26 3.40 76 

Jul 1.30-16.57 1.60 1.74 94 3.75 3.89 78 

Aug 1.57-20.84 1.96 2.10 94 5.61 5.75 79 

Sept 1.47-28.68 1.77 1.91 94 4.19 4.33 79 

Oct 1.04-18.58 1.1 1.24 92 2.02 2.16 76 

Nov 0.84-20.00 0.97 1.11 94 1.74 1.88 78 

Dec 0.25-14.21 0.29 0.43 90 1.38 1.52 73 

 

 

 

Figure 6.13: Percentage of times EFRs and water demands are met at station 1GB03 
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The results show that the basin experiences water deficits suggesting that there could be 

over-abstraction. However, studies have shown that the effects of over-abstraction in 

rivers take long to be felt (Speed et al., 2013; Adgolign et al., 2016), and when they get 

felt they become extremely costly to reverse and restore, and even full restoration may 

not be achieved because some ecosystem species which are only unique to the river may 

have been extinct (Roderick, 2011; Sivapalan et al., 2012). In Lake Naivasha basin in 

Kenya over-abstraction had significant impacts; river flows diminished or ceased 

periodically resulting in water scarcity and stagnation of most socioeconomic activities 

and heavy losses, particularly in irrigation, until stakeholders intervened and a water 

allocation plan (WAP) was developed to guide water allocation and management 

(WRMA, 2010; De Jong, 2011). Usangu River took efforts from the government and 

international interventions to restore (Kashaigili et al., 2009). The Nyando River or any 

other such case should not be let to degenerate to those levels hence appropriate 

interventions should be undertaken. 

 

6.4 Summary, conclusions and recommendations 

The objective of this chapter was to establish the influence of water allocation on 

environmental flows by determining whether, under the current water allocation and 

resources management, environmental flows are being maintained and sustained at both 

prescribed (Q95) and proposed (Q80) levels in the basin. Annual flow analysis depicts a 

weak positive trend for the Nyando River, an indication that on the overall the annual 

flow in the Nyando River is not decreasing (4.3.1 Figure 4.3). This shows that any water 

problems the basin faces are not linked to annual water availability. Yet monthly FDCs 

and hydrograph analyses show that EFRs are not met for between 43% and 94% of the 

time at sub-catchments and between 58% and 93% of the time during the months at basin 

scale. This finding agrees with the results from the previous chapter which revealed that 

water deficits are experienced in all the months. The results suggest that water problems 

experienced in the basin are not due to physical scarcity of the resource, but could be due 

to economic factors, ineffective allocation system and poor water resources management 

practices in the basin like lack of a water allocation plan to guide water use.  

 

Economic and social factors cited as major challenges behind water problems in the basin 

are mainly lack of storage facilities and inadequate water supply infrastructure to provide 

adequate water to the rapidly rising demands, and weak allocation procedures to enforce 
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permit conditions. The fact that the results show deficits in both sectoral and 

environmental demands during all the months has direct impacts on long-term 

sustainability of EFRs.  

 

Water allocation should therefore reconsider water planning, economic value of water and 

natural resource management, particularly the environment. Effective water allocation 

planning, proper tariff structure and compulsory metering should be developed to motivate 

efficient water use and stem wastage. Moreover, pricing is a strong WDM tool because 

consumption for all uses is sensitive to price. 

 

Environmental and WRM should adopt a multi-sectoral approach. This is because the 

availability of water resources depends on many factors some of which are beyond the 

mandate of WRMA, therefore requires the coordination between the relevant ministries and 

institutions. Institutions dealing with water should be strengthened and cooperation 

between relevant sectors enhanced. Even technological developments concerning water 

should not be based on the theory that water is plentiful, not anymore, especially when the 

environment has been so degraded and the rivers silted up and their carrying capacity 

reduced or even ceased flowing, and demands in some cases outstrip supply.  

 

The Nyando case requires appropriate interventions both short- and long-term to stem the 

increasing water problems and improve conditions for sustainable water resources 

management strategies. Water service provisions should be placed in both demand and 

supply management within the framework of IWRM. The immediate interventions would 

be to reconsider water allocations to the major consuming sectors by re-examining  

i. points of abstractions;  

ii. the purposes of abstraction and whether they still are potentially beneficial; 

iii. storage requirements;  

iv. permit status on the abstractions;  

v. the level of compliance to permit conditions alongside efficiency measures and 

the methods used; and  

vi.  the water conveyance and distribution systems and related infrastructure.  

 

These provide suitable long-term conditions for sustainable IWRM strategies in basins. 
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CHAPTER 7 

SUSTAINABLE IWRM STRATEGIES IN THE NYANDO RIVER BASIN 

 

7.1 Introduction 

Sustainable water resources management strategies are those actions and processes that 

promote equitable water allocation, economic use and sustainability of the available water 

resources as prescribed in the Dublin principles upon which IWRM is based. IWRM is 

crucial and provides a strong management base for poverty eradication, sustainable 

development and adaptation to climate change (Medema et al., 2008). However, water 

resources are under pressure due to fast growing population, urbanisation, climate change 

and energy needs, to the extent that water shortages are experienced in some basins to the 

levels that limit supply-driven management of the resource (FAO, 2000; 2012; Gichuki and 

Kiteme, 2000). As such the implementation of IWRM strategies provides solutions to most 

challenges to sustainable freshwater availability, development and environmental protection 

(Marsh and Sharma, 2007). 

 

Food security, human health, welfare and the overall development largely depend on water 

and other natural resources. Hence, it is essential that the natural resources and the limited 

freshwater resources are managed sustainably. IWRM represents change from conventional 

practices and attitudes of supply-side management of satisfying the rising water needs, to 

enhancing capabilities to manage water resources at individual, community and 

institutional levels through improved interactive and adaptive processes (Leidel et al., 

2011). The new allocation strategies should consider social, economic and cultural benefits 

of water, and how to make the best use of the available water resources to ensure its 

availability for future generations. 

 

The growing population and increasing water usage makes it imperative that IWRM 

strategies are implemented to maximise freshwater availability to all regardless of social or 

economic status, and to protect water resources for environmental sustainability (Radif, 

1999; Gain et al., 2013a). The success of IWRM implementation requires political 

commitment to provide an enabling environment in terms of policy, legislations and 

budgetary allocations; proper institutional arrangements to direct the policies, and effective 

resources management instruments to implement the policies on the ground (Swatuk, 

2008). The question is whether under the current water allocation system, there is an 
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enabling environment, institutional and legal frameworks, and management instruments 

necessary for sustainable IWRM strategies. The tasks were to examine the supporting 

environment, the institutional arrangements in place and management instruments with 

respect to sustaining IWRM strategies in the basin. 

 

7.2 Methodology 

Most of the methodology has been captured in Chapter 3. Additional tasks were to 

determine IWRM implementation in the basin by examining the existing enabling 

environment, institutional and legal frameworks and the available water management 

instruments for sustainable IWRM strategies and the achievement of SDGs. 

 

7.3 Results and discussion 

7.3.1 The enabling environment 

The political establishment (GoK) considers freshwater as finite and vulnerable and 

emphasises that it should be prudently and sustainably managed for the sustenance of life, 

preservation and conservation of the environment and general socioeconomic development 

(first Dublin principle) and ensures an enabling environment to facilitate the management 

of the resource. The enabling environment encompasses legislative, judicial, administrative 

and all organisational matters that influence the contributions of institutions, organisations 

or the locals towards natural resource management such as:  

i. Policies; enacting policies that enhance the implementation of IWRM strategies 

ii. Legislative framework; developing rules to foster the achievement of the enacted 

policies and goals 

iii.Finance and incentives; providing the needed financial resources to realise the 

goals and help cater for the identified and planned water needs  

 

However, the political establishment falls short of fulfilling its commitment of providing an 

enabling environment needed to implement these strategies (Mosse, 2004). According to 

the water allocation agency, the financial allocation to the sector is not adequate to 

implement the policy requirements and achieve the desired outcomes of IWRM in the 

basin; the budgetary allocation is inadequate to implement catchment management 

strategies such as capacity development of stakeholders, water resources monitoring, data 

management and information dissemination, water resources development, development of 
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a WAP and catchment restoration in the basin. Owing to this shortfall the water allocation 

agency cannot obtain maximum beneficial impact in implementing its strategies and IWRM 

in the basin (WRMA, 2012).  

7.3.2 Water resources management institutional arrangements  

Institutional development and collaboration are critical elements in the implementation of 

IWRM strategies. This is because water and environmental issues cut across many sectors 

and disciplines and is handled by many institutions under different policies, requiring, 

therefore, an all-inclusive and harmonised institutional approach in its management. The 

institutional arrangements include: 

i. Creating an organisation framework – forms and functions, 

ii. Coordination among institutions that deal with water, environment, land, urban, 

agriculture, power generation, economic planning and the state, and 

iii. Setting institutional roles, goals, and responsibilities for different actors for 

better water resources management (WRM). 

An organisational framework includes all institutional components and activities and 

responsibilities that improve water resources management processes and performance. 

Document review and in-depth interviews revealed that the institutional arrangements in the 

basin have been unable to effectively coordinate and manage water resources due to lack of 

extension policy, weak coordination mechanism among the agencies dealing with the 

environment (NEMA, MoA, KFS and WRMA), lack of harmonisation of the Water Act and 

other Acts (Forest Act, Agriculture Act, EMCA) and lack of a participatory approach, low 

capacity development and insufficient resources. Document review, FGDs and in-depth 

interviews revealed overlapping and conflicting roles in the structures of relevant natural 

resource management agencies. For example, glaring conflicting institutional roles can be 

seen in river riparian land management. According to the Land Act (Chap 307, sections 3 and 

13) the riparian zone and the vegetation on both sides along a river within a distance of 15 m 

is public property and is supposed to be left intact to protect the river (Jackson, 1988; NEMA, 

2011). Furthermore, according to NEMA, riparian lands should be free from cultivation in 

order to protect biodiversity and improve water availability (NEMA, 2011).  

 

However, FGDs and in-depth interviews revealed that most riparian land is under legal 

private ownership and are under either cultivation or settlements (Plates 7.1 -7.3). The land 

ownership rights have been granted by the Ministry of Lands and Settlements, an arm of the 
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same government which outlawed private use of riparian river strip. Environmental 

protection and conservation managed by the Ministry of Environment and Natural Resources 

through NEMA while water catchment protection and conservation is under the MWI and 

executed by WRMA. This already shows institutional conflicting roles which need to be 

harmonised for effective policy implementation to achieve sustainable WRM. As such, the 

policies and institutional roles among the agencies dealing with water and environmental 

resources should be harmonised and geared towards co-governance and collaboration. 

Riparian degradation appears to be enhanced by non-enforcement of riparian conservation 

rules and conflicting institutional roles; overlaps in functions and institutional arrangements. 

 

 

Plate 7.1: Settlements up to the river edge and along the slopes in SC1 (Kipkelion) have 

enhanced soil erosion and reduced river buffer protection 

 

 

Plate 7.2: Sugar cane planted up to the river edges at Kopere (SC5) leaving no buffer to 

protect the river   
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Plate 7.3: Farming up to inside the river adjacent to 1GD03; promoting soil erosion and 

siltation into the river. 

   

The fact that the Water Act mandates WRMA to ensure catchment protection, and that the 

forests and lands are under different management agencies which also appear to be working 

independently, creates the need for the institutional roles to be clarified, for sector 

coordination and networking among all stakeholders to be promoted and the mandates of the 

lead agencies clarified to avoid conflicts of roles. Conflicting institutional roles also creates 

competition in revenue collection and service charges which impacts on the revenue base of 

the institutions and the achievement of the set goals. There should be legal protection for 

coordination among the relevant institutions to avoid conflicts.  

 

FGDs and in-depth interviews revealed that the continued degradation of the riparian zones 

and the wanton destruction of the catchments have negatively impacted on water availability 

in the basin. In other words, land degradation being witnessed (ICRAF, 2004; Olang et al., 

2011) in the basin could be contributing to increased flooding, reduced low flows and the 

water problems being experienced in the basin. The key links between water and land rights 

should be spelled out so as to devise ways to harmonise the multiple sources of authority that 

govern land and water use. This is due to natural resources degradation through the use of 

unsustainable policies on the use of land and water and poor water allocation practices, which 

have promoted increased degradation of rivers, reclamation of wetlands and encroachment of 
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forests and water sources. This deduction is supported by other studies (Marshal, 2011). 

There is need to reconcile the policies and laws governing riparian conservation to be an all-

inclusive undertaking, but more importantly to include government agents, represented at the 

local level, preferably by chiefs, water bailiffs, agricultural and water officers, foresters, 

environment officers including the local communities represented by WRUAs.  

 

7.3.3 Water resources management instruments 

The Dublin principle 4 recognises the economic worth of water as such; all the components 

of water management including water management instruments should influence its 

economic use. This should be done through mechanisms such as: 

 Water resources assessment, monitoring and information management  

 Local participation, managing disputes, ensuring equitable sharing of water  

 Demand management – using economic instruments, such as permitting, pricing, 

regulation, enforcement of compliance, curbing illegal water use, gender- 

mainstreaming and WAP development to manage water resources 

 Catchment protection and conservation  

 Infrastructural development and maintenance of physical water supply systems 

 

7.3.4 Water resources monitoring network and information management 

Effective implementation of IWRM strategies requires adequate data from potential water 

sources to enable the assessment of water resources including quantity, reliability and 

quality of water resources, and the extent to which human actions impact on the resources. 

Water monitoring systems should provide accurate data so as to enable accurate and timely 

information on water resources and catchment status to be generated.  

 

The results reveal that only 31% of the rivers gauging stations in the basin are functional. 

In-depth interviews with WRMA revealed that most of the gauges have either been 

vandalised, washed away or are no longer monitored by the voluntary meter readers due to 

lack of incentives. This makes it difficult to establish the actual quantity of water available 

in the basin and even much more difficult to balance demand and the supply. Moreover, 

field observation and FGDs revealed that there were about 300 unauthorised water 

abstractions by small scale horticultural farmers which translate to substantial water 

withdrawals. For example, at Wawidhi farm (Plate 7.4) a farmer uses a pump with a 
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maximum output of 400 litres per minute and can continuously run for 6 hours daily. 300 

such pumps can withdraw 43,200 m
3
/day and if operated on average for 6 months in a year, 

the pumps have the potential to withdraw more than 7 Mm
3
/year. This information is not 

captured in WRMA’s data base and can hamper accurate determination of the quantity of 

water available in the rivers. As a consequence, water allocation decisions are made from 

inadequate hydrological information which compromises equity and sustainability. This 

observation is corroborated by other studies (UN-WATER, 2006; Agol, 2014). 

 

Plate 7.4: Horticultural farmer at Wawidhi in SC5 ( S 00
O
11.394’, E 034

O
55.384’, 1144M) 

Small holder irrigation farming is fast growing, but the farmers have no permits so could 

cause water shortages.  

 

In-depth interviews with the water allocation agency revealed that the issuing of new permits 

is not based on any systematic analysis of river flows, but from spot checks of flow at 

arbitrary points; as such it is not possible to estimate whether the available water satisfies the 

allocations. Hydrological data is critical for water resources planning. As such river flow 

monitoring stations need to be updated and regularly maintained to capture real time data. 

 

7.3.5 Stakeholder participation in water resources management 

The most effective and sustainable means of managing water resources and solving existing 

water problems is the use of knowledge about possible solutions generated from the local 

community through their involvement and augmented through capacity building 

(Gourbesville, 2008; Reed, 2008). The second Dublin principle emphasises the involvement 

of the society through the participation of stakeholders in all water and related matters. The 

participatory approach entails creating and stressing the significance of water to all 

stakeholders including consumers, management agencies and policy-makers, and taking 

decisions through an all-inclusive approach from inception to implementation of water and 

related projects (Sokile and van Koppen, 2004). The policy asserts public participation and 
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capacity development as integral components of water and natural resources management 

and emphasises on their adaptability at the local level (Sokile et al., 2003).  

 

However, results reveal that this component of IWRM has not been implemented in the 

basin. WRUAs have not been established in the basin to bring in local knowledge and 

participation to improve water and natural resources management. This has resulted in 

conflicts between the participatory principle and its implementation. Studies have shown 

that non-involvement of the community in natural resources management has had adverse 

impacts on water availability in various basins (Kashaigili et al., 2007; Sivapalan et al., 

2012). IWRM emphasises the inclusion and representation of all stakeholders including 

water user groups in inter-sectoral resources management teams in order to enable the 

inclusion of local experience and views in development and management plans and to 

ensure that the stakeholder views are captured by policy and decision makers.  

 

WRUAs have been identified as the main actors in implementing and enforcing water 

legislative frameworks and in resolving water related conflicts. In the Nyando River Basin, 

results from in-depth interviews and FGDs reveal challenges due to non-involvement of 

locals when implementing development programmes and projects regarding water and other 

natural resources including land. For example, in SC1 (Londiani), the locals stopped a dam 

construction because of their non-involvement and that it was situated downstream of an 

effluent discharge point of the town, a situation which could have been avoided if there was 

active community involvement and environmental impact assessment done (Plate, 7.5). The 

sentiments of non-involvement of the public in WRM were expressed in FGDs in SC1 

(Annexure, 7.1) and a group discussion in SC5 with farmers in SW Kano irrigation scheme 

(Plate 7.6). 
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Plate 7.5: Abandoned dam construction at Londiani due to lack of stakeholder  

involvement and EIA 

 

 

Plate 7.6: Group discussion with SW Kano farmers revealed lack of local  

participation in WRM 

 

Field observation and FGDs further revealed many water pans within the basin built by the 

Ministry of Agriculture to harvest and provide water for both domestic and livestock are not 

maintained (Plate, 7.7) and others are not functional because of non-involvement of the 

communities they were meant to serve. Non-involvement of communities at inception on 

the issues and activities to be implemented by the communities discourages local 

participation during implementation stages and significantly impedes policy 

implementation.  
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Plate 7.7: A silted up water pan (SC5) constructed in 1967 without community involvement 

is unmaintained; community involvement should be enhanced to rehabilitate and maintain 

such pans to improve water availability and reduce the increasing resource deficits in the 

basin 

 

Given the fact that WRMA’s legal framework recognises Water Resource Users 

Associations (WRUAs) as main actors and partners in water permits issuance (Annexure 

7.2), conflict mitigation, gender main-streaming and for environmental and water 

catchments conservation and protection. The absence of WRUAs poses significant 

challenges to sustainable WRM. A strong inter-relationship between the various 

stakeholders is necessary to promote communities’ adaptation capacity and tapping 

indigenous knowledge on various coping mechanisms and conflict resolution during 

droughts. In fact, WRUAs being water users can easily identify non-compliant users, 

sensitise their members through awareness campaigns on the importance of WRM, conduct 

inspections and patrols and, as such, are vital enforcement agents at the primary level. 

 

7.3.6 Water demand management 

The results reveal low water metering in the basin. Water is mainly supplied at a flat rate, so 

is not priced at its actual cost, as such, the water service providers have been operating 

through state subsidies, which if withdrawn, the schemes face collapse. In water supply 

schemes where the subsidies were withdrawn, the systems deteriorated and eventually 

collapsed, like the Muhoroni water supply scheme. Lake Naivasha Basin is a success story 

of the use of WDM strategies (WRMA, 2010). This clearly reveals the need for water 

demand management (WDM) which in essence entails developing strategies which aim at 
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improving water use efficiency and enhancing water availability by stemming wastage of 

water. Since water has been given economic value, its provision ought to be cost-effective 

to deter wastage and improve equitable access. WDM emphasises on the need to apply 

economic instruments to influence water use. For example, water pricing deters both water 

wastage and helps to achieve financial stability in water resources management (Savenije 

and van der Zaag, 2002). Moreover, a study by Grimble (1999) emphasised on the use of 

economic instruments in improving water use efficiency. 

 

 

As water resources are becoming increasingly scarcer, pricing and metering are 

indispensable instruments of water resources management. Pricing and metering relate the 

actual water consumption and the cost and therefore are incentives for efficient water 

utilisation and water conservation. Accurate measurement aids pricing and system 

management in terms of reducing non-revenue water (NRW). The fact that water resources 

are diminishing and the price of water is rising makes it necessary that water is allocated 

more prudently and used more efficiently (Westerlund, 1996). Prices can help regulate the 

usage of any resource by deterring wasteful use, improving efficiency in use and act as an 

incentive to promote the development and use of more efficient technologies, re-use and 

recycling. Charging water below its real cost encourages wasteful use of the resource, while 

if water is priced at its real cost, the economic component becomes an incentive for both its 

rational allocation and use, and will also spur the need for developing and using water-

efficient technologies.  

 

Water should therefore be charged at its full cost with due consideration for equity to enable 

the poor equal access to the resource, preferably using a rising block or stepped tariff 

system which pegs the basic water needs at the lowest step. In-depth interviews with the 

domestic water consumers who have meters revealed that the use of economic instruments 

have resulted in water savings of between 30% and 50% in terms of cost. This finding is 

corroborated with other studies which show water savings of between 15 and 50% on 

introduction of meters (Meyer et al., 2004; Inman and Jeffery, 2006). Enforcement of 

efficient water use is also possible when metering is implemented because water prices can 

be raised per unit volume used (Harutyunyan, 2014). Metered systems can also enable 

water consumption patterns to be determined to enable improved water resources 

management (allocation and planning) and provide a basis for pricing water. Unmetered 
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water supplies pose serious management difficulties because the consumers have no idea 

how much water they use and the suppliers have no idea how much water they deliver to 

each consumer. In unmetered systems there is limited ability to target leakage reductions so 

the systems’ water losses remain high. Improved metering system has the potential to 

reduce NRW. 

7.3.7 Catchment protection and conservation 

Water catchment management entails managing land and water resources in a manner that 

makes them able to serve the dynamic needs of the society without adversely affecting their 

physical features. However, the results reveal that the Nyando River has been exhibiting 

highly variable flows in the last two decades, which are attributed to poor natural resource 

management. FGDs, in-depth interviews and observation in the upper catchments (SC1, 

SC3 and SC4) reveal encroachment into wetlands and forests for farming, timber logging, 

charcoal burning and settlements in a manner that threatens sustainable use of the natural 

resources. Data analysis revealed that the basin lost 31% of its forest cover from 9,810 ha in 

1973 to 6,712 ha in 1986 (Figures 7.1, 7.2). In the upper sub-catchments SC1, SC3 and 

SC4) the forest loss was 35%, while settlements increased in area by 13% from 4,707 ha to 

5300 ha in the same period. According to FGDs and in-depth interviews, deforestations 

gave room for settlements and farming. Results show that during the same period sugar 

cane area increased by 119%, from 5,648 ha to 12,368 ha, mostly in SC2 and settlements 

reduced by 10%, from 7990 ha to 6995 ha. Tea acreage increased from 769 ha to 1,323 ha 

(72%) mostly in SC4 (Figures 7.3; 7.4). By 2003 the total area under cultivation with both 

cash and subsistence crops had increased by more than 2132 % (Figure 7.4, Annexure 7.3). 

Irrigated agriculture, particularly rice, increased in area by more than 200%. Between 2003 

and 2005 another forest cover of 9,183 ha was lost (WRMA, 2009b). The consequences of 

this forest cover loss have been felt in high sediment load in the river and heavy siltation in 

irrigation canals (Plates 7.8, 7.9).  

 

The fact that the basin has the highest land slope at 5% and the most fragile soils at an 

average sediment transport capacity index of 0.3 in the region, makes the catchment 

susceptible to any slight changes on its natural features (ICRAF, 2004, Plate 7.10). Results 

from FGDs revealed that land degradation and sedimentation in the basin have been 

enhanced by population pressure, deforestation and bad farming practices.  
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Figure 7.2: Nyando Basin (Classified, 1973) 

 

 

 

Figure 7.3: Nyando Basin (Classified, 1986) 
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Figure 7.4: Nyando Basin – cash crops (Land use –ICRAF, 2003) 

 

 

Plate 7.8: Silt-laden Nyando River at SC5due to LULC changes
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Plate 7.9: Heavy siltation in the SW Kano irrigation canals reduces the canals water 

carrying capacity and maintenance costs of the infrastructure. 

 

 

Plate 7.10: Fragile soils on steep slopes in SC2 

 

Increased intensity of subsistence farming; cultivation on steep slopes and areas adjacent to 

rivers; cutting trees to create room for settlements and agriculture and encroachment on 

wetlands have loosened the soil and enhanced soil erosion from the catchment and 

sedimentation into the river. These have significantly affected the flow in the river. This 

finding has been corroborated by studies by Olang et al. (2011) and Opere and Okello 

(2011) that show that the catchment hydrologic response has changed. The LULC changes, 

according to ICRAF (2008), have resulted in 41% of runoff being generated from degraded 

areas, 29% from settlements, roads and paved areas, 16% from cultivated areas, 13% from 

grazing land, and 1% from bush land which have been revealed as the main causes of 

accelerated runoff and frequent flush floods and reduced low flows experienced in the 

basin. ICRAF (2008) also confirmed significant deforestation of the Mau forest in SC2 and 
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Tinderet forest in SC1 to create room for settlements and agriculture and estimated annual 

soil inflow into the river at between 100 and 300 tonnes/ km
2
. Moreover, a study by FAO 

shows that the rate at which socioeconomic activities are growing in most developing 

countries are fast exceeding the land carrying capacity and exhausting the existing natural 

resource base as the soil and vegetation systems cannot sustain the increasing levels of use. 

Other studies have also confirmed that poor policy implementation and lack of adequate 

management instruments are major factors which accelerate the over-use of natural 

resources and culminate in high flow variability, resource use conflicts and environmental 

degradation (Poff et al., 1997; Kiteme et al., 1998; Mango et al., 2011b; Mutiga et al., 

2010). 

 

In 1986 the Government initiated an afforestation programme in which tree seedlings were 

sold to farmers at subsidised rates. In the upper zone (SC1, SC3 and SC4) 2640.51 ha of 

land were forested and the end result was that the wetland area increased from 3766 ha in 

1986 to 4063 ha (7.8%) by 2003. This shows that there is a direct link between forests and 

wetlands, and as is known, wetlands sustain low flows. The implication is that increased 

wetland area would enhance low flows. Studies show that wetlands sustain river flows 

during droughts (Kairu et al., 2001; Osumba et al., 2010; Masese et al., 2012; Morison et  

al., 2012). Poor natural resource management has enhanced land degradation in the basin 

and led to severe rill, gully and soil erosion which have pushed a lot of silt into the river 

system and interfered with the low flow in the river (Plates 7.11-7.13). 

 

Plate 7.11: Severe gully erosion at Katuk- Odeyo (SC5)   
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Plate 7.12: Gully erosion in the middle catchment (SC2) of the Nyando Basin  

 

 

Plate 7.13: Gulley erosion around Pap-Onditi (SC5) 25/4/2017 

Brick making is another economic activity that significantly degrades the environment; 

apart from making the land bare, brick-makers cut trees and remove the stumps together 

with the roots, thereby dislodging the soil, hence enhancing surface runoff and soil erosion 

(Plates 7.14). To safeguard the environment, alternative brick- burning methods, for 

example the energy saving types such as Hoffman’s kiln or electric kilns, should be used. 

The environment policy should be strengthened to include compulsory use of kilns in 

burning bricks and reinstatement of the areas already degraded. 
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Plate 7.14: Brick making uses a lot of wood and promotes surface runoff and soil erosion 

(SC5)16/6/2017. 

FGDs and field observation further revealed planting of environmentally unfriendly 

eucalyptus trees on the wetlands (Plate 7.15). Studies show that eucalyptus trees extract a 

lot of water and interfere with the soil structure, hence contributing to increased surface 

runoff and reduced dry weather flow (Kurian, 2004; Habiba et al., 2012). This tree species 

should be removed and replaced with indigenous, environmentally friendly ones. This will 

restore ecosystem integrity and foster environmental conservation through: 

i. Enrichment of riparian strips with indigenous trees which prevent fertilizer 

components and chemical sprays from reaching the water body.  

ii. Intensifying campaigns to remove exotic trees such as eucalyptus, which are 

water hungry, from riparian land. 

iii. Restricting people from destroying the natural habitat especially from wantonly 

cutting down indigenous trees without replacing them.  

http://etd.uwc.ac.za/



 

129 

 

 

 

Plate 7.15: Encroachment and planting of eucalyptus trees at the reclaimed wetlands at 

Kamwingi (Mau) have had significant effect on flow downstream 

 

It has also been revealed that increased socioeconomic activities, particularly the 

conventional farming methods, contribute high temporal flow variability. FGDs also 

revealed that the withdrawal of field agricultural extension officers has slowed down access 

to new farming methods and improved land management approaches; lack of training and 

demonstration farms makes it difficult for farmers to learn new farming techniques. It is 

therefore recommended that agricultural extension officers and environmental management 

officers be re-deployed at divisional levels to help restore the environment by promoting 

better farming techniques and afforestation. 

 

7.3.8 Water allocation plan (WAP) 

The results reveal that the basin lacks a water allocation plan. This means that the water 

allocation agency cannot balance water demand with the available water resources. A WAP 

helps to improve water availability among the competing users and establish a guiding 

framework to balance temporal water availability and demand in a way that fosters equity, 

economic and environmental values for future sustainability of the resource. Lack of a WAP 

makes it difficult to put limits to the total abstraction from the river implying that the total 

allocation and total abstraction cannot be easily controlled to safeguard the river. In any 

case, FDCs results have revealed that monthly water demands including EFRs are only met 

between 58% and 93% of the time implying that the basin experiences temporal water 

deficits. Since the basin lacks an effective water allocation procedure, resource allocation 

and demand cannot appropriately be matched; hence it becomes difficult to reduce the 
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increasing water deficits already being experienced in the basin. 

The current state in the basin is that many water users have no water abstraction permits, and 

those who have do not comply with the permit conditions because the water agency lacks 

appropriate instruments for managing water resources. For example, without a WAP, even the 

water allocation agency lacks appropriate means to control over-allocation. The Water Act 2002 

in Section 15 empowers WRMA to develop a WAP to help manage water resources. In the 

absence of a WAP, when water shortages are envisaged most socioeconomic activities which 

depend directly on the resource, such as irrigation, is occasionally banned regardless of the 

stage of the crops, and industrial production is either scaled down or stopped. This, results in 

substantial economic losses which can be significantly reduced if a WAP is in place. In 

Naivasha, heavy economic losses incurred as a consequence of unplanned and uncontrolled 

water use forced the stakeholders to develop a WAP which has since helped them to access 

water equitably and sustainably (WRMA, 2010; De Jong, 2011). A WAP provides boundaries 

for water, thus protecting the river from over-allocation and over-abstraction. WAPs prescribe 

thresholds below which some activities are not allowed to abstract water depending on priority. 

 

If a WAP was in place the water agency would be able to match allocations with the 

available water resources at any time and limit any potential adverse economic loss which 

would be incurred in the absence of a WAP. Moreover, lack of a WAP can constrain the 

implementation of IWRM strategies, contribute to water scarcity and create potential for 

water related conflicts. Other studies have indeed also shown that lack of WAPs 

aggravates water scarcity and promotes water related conflicts in basins (Mutiga et al., 

2010; WRMA, 2010; Marshall, 2011). This study indicates the importance of water 

allocation plan in ensuring balancing of water allocation and availability and promotion 

of IWRM strategies and principles. 

7.4 Improving water resources management 

7.4.1 Recycling water in industrial production 

In-depth interviews revealed that sugar and the tea industries abstract substantial quantities 

of water for boiler cooling but consume far less than what they abstract. For example, 

Chemelil Sugar Company abstracts about 3000 m
3
/day out of which it discharges between 

2100 and 2800 m
3
/day. If recycled, this quantity could lead to a water saving of between 70 

and 90%. The study therefore recommends that recycling of water be a mandatory 

procedure in industrial production. 
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7.4.2 Social change instruments 

The study proposes the use of social change instruments to help improve water 

resources management in the basin. Studies have shown that social change in managing 

water resources can successfully be propagated by creating awareness through the 

existing community based organisations (CBOs). CBOs cover a variety of functions at 

the community level which aim to improve the social wellbeing of individuals and the 

society (Tapela, 2002; Manzungu, 2004). CBOs use community work, development and 

mobilisation to create social change and address social concerns which develop 

cooperative attitudes and practices. The emergence of CBOs has strengthened the view 

that the bottom-up organisations are more effective in addressing the local needs than 

the conventional top-bottom approach. CBOs create opportunities for interaction, 

integration and coordination within the society which are necessary conditions for 

influencing community perceptions and behaviour (Chikozho, 2008). This would be an 

entry point in involving the whole community in IWRM.  

 

7.4.3 Capacity development 

Capacity development (CD) improves individual and institutional performances by 

enhancing leadership skills, knowledge and accountability. For a CD undertaking to be 

effective, the process needs to be integrated into all proposed development programmes 

(UN, 2009). Capacity development focuses on individual competencies, organisational 

development and the enabling environment. Capacity development also places emphasis 

on leadership development and developing coordination capabilities of stakeholders to 

create trust and enhance collaboration and information exchange for improving water 

resources management. This study therefore proposes that capacity development be a 

basic component in basin water resources management. 

 

7.4.4 Water infrastructure development 

Water infrastructure development is a vital element in catchment management (DFID, 

2002). Catchment management strategies (CMS) strive to provide safe and sufficient 

water storage to cater for the dynamic water needs of a society. However, field 

observation and document review (WRMA, 2009) revealed that the basin lacks storage 

infrastructure, implying that most of the water abstractions are done from normal flow 

(run-of-river).  This was also confirmed through interviews with major water consumers 
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(irrigators and industries) that during droughts some activities have to be scaled down. 

This is the main contributing factor to high water deficits experienced in the catchment 

during low flows when most water use activities, especially the major water users like 

irrigation and industrial production are at their peak with a total abstraction rate of 

2,877 m
3
/day. 

Irrigation, due to its large water consumption and in their permit, is supposed to draw water 

mainly from flood flow. For example, the National Irrigation Board at the Ahero Irrigation 

Scheme is permitted to abstract only 47m
3
/day from the normal flow and 13,500 m

3
/ day 

from flood flow, in which case the scheme is supposed to have a storage facility. However, 

due to lack of storage, the scheme draws all this water directly from the normal flow. During 

low flows that magnitude of withdrawal could contribute to increased water deficits. If that 

amount of water was coming from flood water storage, then there would be significant 

savings which would greatly enhance water availability for other uses, the environment and 

ecosystem services. The provision of storage will enable expansion of irrigation, improve 

food resources and help reduce poverty as stipulated in the new Irrigation Policy (GoK, 

2015), Vision 2030 and in WRMA’s Strategic Plan 2012-2017 (WRMA, 2012).  

 

7.4.5 Water vending as a social good and an adaptation technique 

FGDs and in-depth interviews revealed that water vending is steadily becoming popular in 

both urban and rural set ups to supplement domestic water requirements not met by the 

existing allocation and public supply systems. The main reasons behind water vending are the 

low and slow water infrastructural development which cannot match the increasing demands 

in the basin, dilapidated water supply infrastructure and unreliable intermittent water supply 

periods. Water vending has proved more reliable than water supply schemes which 

sometimes experience power failure, power cut-offs due to non-payments, pump break-

downs and water rationing. For example, a FGDs and interviews revealed that when the water 

supply system in Muhoroni in SC2 collapsed the majority of the residents depended on 

vendors for their water services.  

 

FGDs and field observation revealed school buses and trucks ferrying water to schools and 

big hotels and urban centres to supplement the allocated supply which are intermittent in 

supply and mostly inadequate. Some water vendors already have licences to transport and 

sell water. In other words water vending is a reality. Water vending should therefore be 
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engraved in IWRM as an option for implementing IWRM strategies and have structures and 

frameworks which can control the safety of water delivered and which can be replicated in 

other basins; vendors should have permits and be compelled to draw water from known and 

identified sources with good quality water. The challenges facing water vending include 

doubtful quality and the high cost of water delivered to consumers at much higher charges 

than the conventional water supply charges. 

 

7.5 Summary, conclusions and recommendations 

The chapter examined IWRM strategies in the basin, level of implementation and possible 

challenges to the implementation of the strategies. The major findings suggest a general 

lack of adequate conditions for sustainable IWRM strategies. While the political 

establishment considers freshwater as finite and vulnerable, its commitment in providing 

the requisite financial resources and incentives to implement the policy objectives are 

inadequate. According to the water allocation agency, the budgetary allocations to the 

sector cannot translate to significant beneficial impact; the allocation is inadequate to 

undertake institutional and stakeholder capacity development, establish stakeholder groups 

and forums, resource monitoring and information management, infrastructure development 

and maintenance, and catchment management and protection. Hence, the existing 

institutions cannot maximise their beneficial contributions to effective water resources 

management in the catchment.  

 

It has further been revealed that the institutional arrangements are unable to coordinate 

and effectively manage water resources in the basin due to conflicting and overlapping 

institutional roles which need to be harmonised to enable achievement of the goals. For 

example, the Land Act, (Chapter307, Section 13 and 3), WRMA (2009), NEMA (2011), 

Jackson (1998) and Agol (2010) show that the land within a distance of 15m on both sides 

of a river is public property and is supposed to be free from cultivation or any activity to 

protect biodiversity and improve water availability in rivers. However, FGDs and in-

depth interviews with different stakeholders revealed that most riparian land is under 

legal private ownership and are either under cultivation or settlements with full ownership 

rights granted by the Ministry in charge of Lands and Settlements, an arm of the same 

Government which outlawed private use of riparian river strips. Water and environmental 

issues cut across many sectors and disciplines and is handled by many institutions under 

different policies, and therefore require an all-inclusive and harmonised institutional 
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approach geared towards co-governance and collaboration in its management. The glaring 

shortfalls include: 

 Lack of sector extension policy,  

 Weak coordination mechanism with agencies dealing with environment (MoA, 

KFS, NEMA, WRMA), 

 Lack of harmonisation of the Water Act and other Acts (Agriculture Act, Forest 

Act, EMCA); 

 Lack of participatory approach, knowledge and capacity development; and 

 Insufficient resources. 

However, results also reveal that the current water availability is adequate to sustain the 

increasing demands to meet SDGs and the national target Vision 2030, if the enabling 

environment, particularly the financial conditions are improved to cater for the 

implementation of IWRM objectives. 

 

With regard to the management instruments, results reveal lack of equitable water 

allocation among consumers, physical infrastructural deficiencies, inefficient water 

utilisation, illegal water abstractions, natural resource mismanagement (catchment 

degradation), an ineffective water allocation system, lack of active stakeholder involvement 

in natural resource management, and poor adaptation measures during water shortages by 

both the water allocation agency and water users.  

 

The water policy recognises the IWRM framework as the main guide and approach to the 

country’s socio-economic development. However, it falls short of providing effective 

mechanisms that guarantee the implementation of IWRM strategies. For instance, the 

compliance to permit results reveal lack of management instruments to foster and enforce 

conditions and regulate water use by the water allocation system. This finding is confirmed 

Mungai et al. (2002) and Mutiga et al. (2010) in Ewaso Nyiro River basin.  by studies by 

 

Moreover, the  current water permitting processes are not guided by any detailed river 

flow analyses due to poor water monitoring and ineffective allocation system hence it 

lacks equity. The basin lacks a WAP and, as such, the water allocation system cannot 

balance the available water and demand to stem over-allocation, over-abstraction and 

illegal water use, in which case the water allocation system cannot set boundaries for 
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water use, hence the frequent water deficits leading to water rationing and loss of 

welfare and stagnation of socioeconomic developments in the basin. The need for a 

WAP is therefore pertinent to provide a framework for balancing the demands and water 

resources availability, so as to achieve equity and sustainability. Lack of adequate  

economic instruments to regulate water use and control the high non-revenue water 

(NRW) hampers effective WRM. The current water tariffs for water charges do not 

promote efficient utilisation of water; the setting of tariffs is still largely done on social 

considerations. In any case, the bulk of water in the basin is still charged on a flat rate 

basis due to low metering facilities which makes the operation and maintenance costs as 

much as 25 times higher than the generated revenue, which means, in the absence of 

subsidies the schemes cannot operate. Results from metered consumers show reductions 

in both water consumptions and monthly water bills by between 30% and 50%. This 

shows that the use of economic instruments have impacts on demand and the available 

water resources. This finding is supported by other studies which show water savings of 

between 15 and 50% on metered water supplies (Meyer et al., 2004; Inman and Jeffery, 

2006). In a metered system, it is easy to equitably scale down  consumers water 

demands and enforce water use to match the available resources (Harutyunyan, 2014). 

Metered systems can also enable water consumption patterns to be determined to enable 

better water resources management (allocation and planning) and provide a basis for 

pricing water. Unmetered water supply poses serious management difficulties because 

the consumers have no idea how much water they consume and the suppliers do not 

know the quantity of water they deliver to each consumer. In unmetered systems there is 

limited ability to target leakage reductions so the systems’ water losses remain high. 

Improved metering system has the potential to reduce NRW.  

 

Results reveal poor state of the existing water supply infrastructure showing lack of 

maintenance and rehabilitation of the systems. The net result is increased NRW to 

between 25 and 60% of the abstracted water. The basin’s infrastructural development is 

low and water management structures are weak. As such the existing infrastructural, 

institutional and legal set ups have no requisite capabilities for achieving and sustaining 

water requirements necessary for realising both the SDGs and the national targets, 

unless appropriate interventions are instituted. An all-inclusive approach should be 

embraced as a means of enhancing local participation in managing the natural resources 
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in every sub-catchment. It has been shown that recycling water in industrial production 

can help save industrial water use by between 70 and 90% hence recycling of water 

should be a mandatory procedure in industrial production.  

 

In light of the identified challenges, both water demand management and infrastructural 

provision have complementary roles in sustaining water availability, socioeconomic growth 

and poverty eradication in the basin to help achieve SDGs at the local scale.   
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CHAPTER 8 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

 

8.1 Introduction 

This chapter presents a summary of the major findings, conclusions and contributions of the 

study to scientific research and proposes recommendations from the findings including 

related future research issues. The main objective of this study was to assess the influence 

of the current water allocation system on the available water resources so as to provide a 

basis for improving water allocation systems and enhancing socioeconomic and ecological 

services derived from rivers without compromising EFRs. The study established the current 

water availability and its uses in the basin, evaluated the impacts of water allocation on 

water resources, established the level of compliance with environmental flow requirements 

and examined IWRM strategies in the basin 

 

8.2 Summary of the results 

8.2.1 The current water availability and major water uses in the basin 

Results revealed that the total naturalised annual flow in the basin as at gauging station 

1GD03 is 580 Mm
3
 which translates to a mean flow of 18.39 m

3
/s. The total current basin 

water demand was estimated at 105 Mm
3
 which translates to 3.33 m

3
/s. This implies that 

total available water resources in the basin far exceeds the sectoral water demands and 

depicts a water sufficient catchment with an annual per capita water availability potential to 

realise both Sustainable Development Goals and the local target, Vision 2030.  

 

Results revealed that irrigation consumes 70.8% of the total water demand, followed by 

domestic demand at 19.4%, livestock at 5.2% and industrial at 4.6%. However, the results 

revealed increasing water deficits among the major users that sometimes results in rationing 

and scaling down of industrial production in some industries, and banning of irrigation 

activities by the water allocation agency. FGDs and field observation revealed inefficient 

water utilisation due to poorly maintained and unlined irrigation canals, silted up and 

overgrown with weeds, and poorly maintained and dilapidated water supply schemes with 

high amounts of water unaccounted for up to 60%. With the flooding method of irrigation 

used whose efficiency is about 50%, the estimated water loss in the basin was about 50%.  
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Results also show significant temporal variations in flows between the monthly, mean, the 

dry and wet year flows in all the sub-catchments with possible significant implications on 

demand and sustainable water availability. The water shortages experienced in the basin are 

due to ineffective water allocation system and poor resource planning which do not match 

demands and the available water resources, resulting, at times, in demands outstripping the 

available water supply, implying that resource allocation has direct and significant 

influence on sustainable water availability. It is therefore evident that the major causes of 

water deficits are lack of storage facilities to store flood flow and poor natural resources 

management. Results revealed poor water catchment and water resource management; 

encroachment on wetlands and farming on steep slopes and riparian lands which have the 

potential to cause reductions in low flows.  

 

8.2.2 The impacts of water resources allocation on water resources   

The aim of water allocation is to match the various water demands with the available water 

resources in a catchment. The Water Evaluation and Planning (WEAP) model was used. 

The WEAP model verification for the basin indicated a good model performance. The 

relationship between monthly observed flows and the model outputs showed high 

coefficients of determination R
2
 being 0.95 and 0.98 at gauging station 1GD03 and at 0.72 

and 0.88 at station 1GB11. Thus, the model could therefore be used as a flow predictive 

tool in the Nyando River Basin.  

 

The total basin water demand is projected to increase from its current accounts of 105 Mm
3
 to 

about 240 Mm
3
 by 2030 (130%). At sectoral level, the water demand for industrial use is 

projected to increase from 4.50 Mm
3
 in 2010 to 7.22 Mm

3
 by 2030, domestic from 19.22 

Mm
3
 in 2010 to 36.1 Mm

3
 in 2030, irrigation from 70 Mm

3
 in 2010 to 127 Mm

3 
in 2030 and 

livestock from 4.8 Mm
3
 in 2010 to 9.6 Mm

3
 in 2030. Results reveal that despite water 

resource availability in the Nyando River, water demands for the major water users are not 

fully met. Results reveal occurrence of water deficits for all the major water consumers at 

varying degrees throughout the year. Projections show a progressive increase in monthly 

water deficits from 0.8 Mm
3
 in December 2010 to 35 Mm

3
 in August 2026 (400%), while at 

an annual scale, the deficits are projected to increase from 1.9 Mm
3
 to 68.8 Mm

3
 (300%) 

during the same period.  

 

The sector hit most is irrigation where projections show that water deficits will rise from its 
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current annual deficit of about 3 Mm
3
 to about 93 Mm

3
 by 2030. While results reveal that 

the basin has adequate water resources to meet the current and future water needs, the water 

allocation agency appears unable to match the increasing water demands with the available 

water resources. The current water allocation system needs to impress on major water 

consumers the need for increased water use efficiency for irrigators, the use of new 

improved method of irrigation other than the inefficient flooding irrigation method used, 

and adequate water abstraction control structures which all promote water savings, changes 

in cropping patterns and the use of new improved varieties of different crops species that do 

not require plenty of water in their production. 

 

High population growth and increased socioeconomic activities, together with natural 

resource mismanagement, have increased water demand beyond the current infrastructural 

capacity and the available water resources and have resulted in occasional water rationing 

during severe water shortages. While considerable reductions in water deficits are achievable 

under IWIT, the magnitudes of the reductions are dependent on the inputs which, in turn, are 

dictated by several factors which the current water allocation and management strategies do 

not fully provide. For example, the basin lacks a WAP and economic instruments which can 

promote the implementation of IWRM objectives. 

 

The use of water allocation instruments like water permits, metering and appropriate tariff 

structure enhances efficiency in water use and can significantly reduce water wastage and 

considerably narrow the increasing gap in water deficits. Appropriate measures including 

both supply and demand management strategies; flood water conservation facilities such 

as dams; rain water harvesting including roof catchments and surface water pans can 

reduce the high water deficits currently being experienced. It should be made mandatory 

that each major water abstractor, particularly irrigators and industries, develop dams of 

volumes equivalent to at least four months of their water consumption to trap flood water 

to ensure water security in the basin and assure the consumers of uninterrupted supply, 

even during prolonged dry seasons which sometimes continue for up to four months. 

 

Under an IWIT scenario considerable reductions in unmet demand are achievable. For 

example, recycling water in industrial production can save as much as 70% of industrial 

water use and reduce the deficits by that magnitude. However, the magnitude of the deficits 

calls for an integrated approach which would enhance prudent water use, enforce permit 

conditions and promote resources management including catchment protection and 

http://etd.uwc.ac.za/



 

140 

 

conservation through an all-inclusive approach to promote water availability. The results 

also confirmed that the WEAP software can provide the means for evaluating and planning 

management strategies in light of diminishing water resources and help planners in 

developing management plans by continually balancing the available water resources and 

demand for current and future and ensure environmental flow requirements (EFRs).  

 

However, supply and demand analyses show that the total annual demands will still remain 

far below the annual water availability by 2030. Projections show that the annual water 

demands by 2030 will only be 240 Mm
3
 against water resources availability of 580 Mm

3
. 

This shows that water shortages experienced in the basin are largely due to economic 

factors and poor management of the resources. As such, the main interventions should 

include supply and demand measures, and environmental conservation in the basin which if 

not addressed may result in over-abstraction and impact negatively on environmental flows. 

 

8.2.3 Effects of water allocation on environmental flows 

In this chapter the objective was to determine the influence of water allocation on 

environmental flows by determining whether, in the current water allocation and resources 

management, environmental flows are being maintained and sustained at both prescribed 

(Q95) and proposed (Q80) levels in the basin. Annual flow analysis depicts a weak positive 

trend for the Nyando River, an indication that on the overall the annual flow in the Nyando 

River is not decreasing (4.3.1 Figure 4.3). This shows that any water problems the basin 

faces are not linked to annual water availability. Yet monthly FDCs and hydrograph 

analyses show that EFRs are not met for between 43% and 94% of the time at sub-

catchments and between 58% and 93% of the time during the months at the basin scale. 

This finding agrees with the results from the previous chapter which revealed that water 

deficits are experienced in all the months. The results suggest that water problems 

experienced in the basin are not due to physical scarcity of the resource, but could be due to 

economic factors, ineffective allocation system and poor resources management practices in 

the catchment. For example, lack of a water allocation planning makes it difficult to control 

and guide the resource use. 

 

Economic and social factors cited as major challenges behind water problems the basin faces 

include lack of storage facilities and inadequate water supply infrastructure to provide adequate 

water to the rapidly rising demands, and weak allocation procedures to enforce permit 
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conditions. The fact that the results show deficits in both sectoral and environmental demands 

during all the months has direct impacts on long-term sustainability of EFRs.  

 

Water allocation should therefore reconsider water planning, economic value of water and 

natural resource management, particularly with regard to the environment. Effective water 

allocation planning, proper tariff structure and compulsory metering should be developed to 

motivate efficient water use and stem wastage. Moreover, pricing is a strong water demand 

management (WDM) tool because consumption for all uses is sensitive to price. 

 

Environmental and WRM should adopt a multi-sectoral approach. This is because the 

availability of water resources depends on many factors, some of which are beyond the 

mandate of WRMA, therefore requiring coordination between the relevant ministries and 

institutions. Institutions dealing with water should be strengthened and cooperation 

between relevant sectors enhanced. Even technological developments concerning water 

should not be based on the theory that water is plentiful, not anymore, especially when the 

environment has been so degraded, the rivers silted up and their carrying capacity reduced 

or even ceased flowing, and demands in some cases outstrip supply.  

 

The Nyando case requires interventions to stop the increasing water problems and improve 

conditions for sustainable water resources management strategies. Water service provisions 

should be placed in both demand and supply management within the framework of IWRM. 

The immediate interventions would be to reconsider water allocations to the major 

consuming sectors by re-examining  

i. points of abstractions;  

ii. the purposes of abstraction and whether they still are potentially beneficial; 

iii. storage requirements;  

iv. permit status on the abstractions;  

v. the level of compliance to permit conditions alongside efficiency measures in terms 

of methods used; and  

vi. the maintenance level of conveyance infrastructure.  

 

These provide suitable long-term conditions for sustainable IWRM strategies in the basin. 
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8.2.4 IWRM strategies in the basin 

The chapter examined IWRM strategies in the basin, level of implementation and possible 

challenges to the implementation of the strategies. The major findings suggest a general 

lack of adequate conditions for sustainable IWRM strategies. While the political 

establishment recognises that freshwater is finite and vulnerable, it has fallen short of 

providing adequate funding and incentives to implement the policy objectives. According to 

the water allocation agency, the budgetary allocations to the sector cannot translate to 

significant beneficial impact; the allocation is inadequate to undertake institutional and 

stakeholder capacity development, establish stakeholder groups and forums, resource 

monitoring and information management, infrastructure development and maintenance, and 

catchment management and protection. Hence, the existing institutions cannot maximise 

their beneficial contributions to water resources management in the catchment.  

 

It has also been revealed that the institutional arrangements in place cannot coordinate 

and effectively manage water resources in the basin due to conflicting and overlapping 

institutional roles which need to be harmonised to enable the achievement of the goals. 

For example, the Land Act, (Chapter307, Section 13 and 3), WRMA (2009), NEMA 

(2011), Jackson (1998) and Agol (2010) show that the land within a distance of 15m on 

both sides of a river is public property and is supposed to be free from cultivation or any 

activity to protect biodiversity and improve water availability in rivers. However, FGDs 

and in-depth interviews with various stakeholders revealed that most riparian land is 

under legal private ownership and are either under cultivation or settlements with full 

ownership rights granted by the Ministry in charge of Lands and Settlements, an arm of 

the same Government which outlawed private use of riparian river strips. Water and 

environmental issues cut across many sectors and disciplines and is handled by many 

institutions under different policies, and therefore require an all-inclusive and harmonised 

institutional approach geared towards co-governance and collaboration in its 

management. The glaring shortfalls include: 

i. Lack of sector extension policy;  

ii. Weak coordination mechanism with agencies dealing with environment (MoA, KFS, 

NEMA, WRMA); 

iii. Lack of harmonisation of the Water Act and other Acts (Agriculture Act, Forest Act, 

EMCA); 
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iv. Lack of participatory approach, knowledge and capacity development; and 

v. Insufficient resources.  

 

However, results also reveal that the current water availability is adequate to sustain the 

increasing demands to meet SDGs and the national target Vision 2030, if the enabling 

environment, particularly the provision of financial resources to help implement IWRM 

strategies, is provided. 

 

With regard to the resource management instruments, results reveal lack of equitable water 

allocation among consumers, physical infrastructural deficiencies, inefficient water 

utilisation, illegal water abstractions, natural resource mismanagement (catchment 

degradation), an ineffective water allocation system, lack of active stakeholder involvement 

in natural resource management, and poor adaptation measures during water shortages by 

both the water allocation agency and water users.  

 

The water policy recognises the IWRM framework as the main guide and approach to the 

country’s socioeconomic development. However, the policy does not provide mechanisms 

for ensuring equitable and sustainable water allocation. For instance, the results reveal lack 

compliance to permit conditions and of management instruments to foster and enforce 

regulate water use by the water allocation system. This finding is confirmed by studies done 

Mungai et al. (2002) and Mutiga et al. (2010) in the Upper Ewaso Nyiro River basin.  by 

 

Moreover, the water permitting process is not guided by any detailed river flow analysis 

due to poor water monitoring and ineffective allocation system hence it lacks equity. The 

basin lacks a WAP and, as such, the water allocation system cannot balance the available 

water and demand to stem over-allocation, over-abstraction and illegal water use, in 

which case the water allocation system cannot set boundaries for water use, hence the 

frequent water deficits leading to water rationing and loss of welfare and stagnation of 

socioeconomic developments in the basin. The need for a WAP is therefore pertinent to 

provide a framework for balancing the demands and water resources availability, so as to 

achieve equity and sustainability. Lack of adequate economic instruments to regulate 

water use and control the high non-revenue water (NRW) hampers effective WRM. The 

current water tariffs for water charges do not promote efficient utilisation of water; the 

setting of tariffs is still largely done on social considerations. In any case, the bulk of 
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water in the basin is still charged on a flat rate basis due to low metering facilities which 

makes the operation and maintenance costs as much as 25 times higher than the generated 

revenue, which means, in the absence of subsidies the schemes cannot operate. Results 

from metered consumers show reductions in both water consumptions and monthly water 

bills by between 30% and 50%. This shows that the use of economic instruments have 

impacts on demand and the available water resources. Other studies have also shown 

water savings of between 15 and 50% on metered water supplies (Meyer et al., 2004; 

Inman and Jeffery, 2006). In a metered system, it is easy to equitably scale down a 

consumer’s water demand to match the available resources and enforce efficient water use 

(Harutyunyan, 2014). Metered systems can also enable water consumption patterns to be 

determined to enable better water resources management (allocation and planning) and 

provide a basis for pricing water. Unmetered water supply poses serious management 

difficulties because the consumers have no idea how much water they consume and the 

suppliers do not know the quantity of water they deliver to each consumer. In unmetered 

systems there is limited ability to target leakage reductions so the systems’ water losses 

remain high. Improved metering system has the potential to reduce NRW.  

 

Results reveal that the existing water supply infrastructures are in a dilapidated state due to 

non-maintenance and lack of rehabilitation. The net result is increased NRW to between 25 

and 60% of the abstracted water. The basin’s infrastructural development is low and water 

management structures are weak. As such the existing infrastructural, institutional and legal 

set ups have no requisite capabilities for achieving and sustaining water requirements 

necessary for realising both the SDGs and the national targets, unless appropriate 

interventions are instituted. An all-inclusive approach should be embraced to promote local 

participation in natural resources management at sub-catchment level. It has been shown 

that recycling water in industrial production can help save industrial water use by between 

70 and 90% hence recycling of water should be a mandatory procedure in industrial 

production. 

 

From the above identified challenges, both non-structural and structural systems have 

complementary roles to play in promoting sustainable water availability, poverty 

eradication and general development in the basin to help achieve SDGs at the local scale. 
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8.3 Conclusions 

The goal of this study was to assess the influence of water allocation on water resources 

management to form the basis for improving understanding of how water allocation 

systems work in practice. It can be concluded from the results that with the current pattern 

of water and other natural resource use; general lack of compliance and enforcement of 

optimum utilisation of water by most major water users including the water management 

agency, ineffective water permitting and water use regulation processes, together with 

catchment degradation, achievement of SDGs and the local targets may not be realised 

unless appropriate interventions are undertaken.  

 

The fact that the total annual water availability is over 580 Mm
3
 against the total annual 

demand of 105 Mm
3
 means that the basin’s water availability has the potential to realise 

SDGs and the local targets, and that the deficits being experienced in the basin are therefore 

not physical, but economic and aggravated by poor allocation strategies and processes. 

Moreover, annual flow analysis depicts a significant positive trend for the river, an 

indication that, overall; the annual flow in the river is not decreasing. In any case, 

document review also shows no reductions in rainfall in the basin which would affect 

annual quantitative water availability. However, the water allocation system is ineffective 

and appears unable to ensure compliance and enforce water permit conditions, thereby 

encouraging inefficient water use which culminates in frequent water deficits result ing in 

loss of welfare and disruptions of socioeconomic developments in the basin. 

 

Conflicting institutional roles and policies regarding natural resource use and protection 

also contribute to resources management problems. For example, on the one hand an Act 

declares the river riparian zone as public land which should be devoid of any activity, while 

on the other hand, results reveal that most riparian lands are under legal ownership and 

have been massively degraded, creating confusion and conflicts among the relevant 

management agencies. The issue of land rights falls within the Ministries of Lands and 

Agriculture; environmental protection falls under NEMA; forests conservation fall under 

the Kenya Forest Service and water resources management is under the MWI. In the face of 

these un-coordinated laws, there is no clear lead agency to spearhead the implementation 

and fulfilment of the requisite policy requirements.  
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Policies on natural resources management and WRMA’s implementation ability in the basin 

appear weak and seem not to envisage the bigger picture which indicates that the 

neighbouring Usangu River dried up due to natural resource mismanagement, lack of WAP 

and inadequate water catchment protection guidelines and procedures. Poor natural 

resources use and management are already manifest in the shrinking of wetlands, reduction 

in low flows and the high temporal variation of river flows which already show impacts on 

water availability in the basin. Studies show that even where water availability is not 

currently threatened, not investing adequately in the natural resource management means 

postponing the problem. 

 

The basin experiences increasing water deficits in all the sectors, predominantly due to 

economic and poor water resources management strategies. High population growth and 

increased socioeconomic activities, together with poor natural resource management, have 

increased water demand beyond the current infrastructural capacity and the available water 

resources and could result in a water crisis if appropriate interventions are not undertaken. 

Considerable reductions in unmet demand under IWIT are achievable, but the magnitudes 

of the reductions are dependent on the inputs which, in turn, are dictated by several factors 

which the current water allocation and management strategies do not fully provide.  

 

Moreover, lack of a WAP and non-involvement of stakeholders in resources management 

have had significant impacts on equitable and sustainable water availability. A WAP 

provides a framework for enforcement of permitted water entitlements; allows for local 

community participation in water resources management and ensures equity and 

sustainability in water allocation. A WAP also provides a framework for updating water 

resource monitoring networks and improves the water resources information systems.  

 

Smallholder irrigation farmers used to receive full Government support including 

irrigation facilities and some subsidised services; these have since been withdrawn. 

Farmers are now compelled to meet full costs of the services they need. As a result small-

scale farmers have resorted to using small pumping units and water-lifting devices to 

abstract water, which the current water allocation and management agency lacks the 

capacity to control and regulate, and which may lead to inequitable access to water, 

resource conflicts and undesirable environmental effects.  
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8.4 Contributions 

The study has shown that water allocation has a major influence on sustainable water 

resources availability. Permitting, regulating, conserving and enforcing compliance to 

permit conditions all promote efficiency in water utilisation, equitable access to the 

available resources by consumers and sustainable water resources availability.  

 

The study has shown that IWRM strategies can only be successfully achieved in a 

harmonised institutional set-up with clear mandates for each institution to avoid conflicts 

and duplication. 

 

The study has reiterated strong roles played by active stake-holder involvement and WAPs 

in maintaining and sustaining water availability in basins. The study has also established 

that ineffective water allocation and poor WRM can cause water scarcity even in basins 

with plentiful rainfall and substantial river flows.  

 

The study has also shown that under the improved water infrastructure and technology 

(IWIT scenario, considerable reductions in unmet demand can be achieved; the magnitude 

of the deficits calls for an integrated approach with enhanced use of economic instruments, 

enforcement of permit conditions and promotion of natural resource management including 

catchment protection and conservation through an all-inclusive approach.  

 

8.5 Recommendations 

To overcome the main challenges in implementing IWRM strategies in the basin, the study 

recommends: 

i. Improved community participation; The involvement of locals when making 

decisions on water allocation would enhance local knowledge on the water 

allocation procedures that influence water quality and quantity and the 

interdependencies on temporal water usage in a basin and promote inclusivity in 

WRM.  

ii. Improved data management; sufficient and accurate data on water availability 

can help strengthen water allocation decisions, planning, and improve water 

allocation and sustainable water use. Reliable and accurate estimates of water 

resources are the basis for effective water resource allocation and management and 

therefore, it is necessary that real-time and high quality data are generated. This 

http://etd.uwc.ac.za/



 

148 

 

intervention would improve optimal management of the available water resources 

and subsequently increase water availability including EFRs.  

iii. Improved water abstraction, monitoring and control mechanisms (economic 

instruments) will promote compliance and enforcement of water resource use. 

iv. Provision of storage and general infrastructural development will help retain and 

regulate flood flow for use during deficit times and enable the envisaged expanded 

irrigated area be realised and to achieve SDGs and the local targets. It will also 

enable the water allocation agency to regulate flow and ensure EFRs. 

iv. Provision of clear policies and guidelines on harnessing alternative and 

supplementary water sources can enhance and sustain water resources availability.  

v. Harmonising conflicting institutional roles to avoid duplication by several 

institutions so as to reduce conflicts in natural resources management. 

vi. Improved enforcement of sustainable natural resource protection can help deter 

water catchment degradation in the upper basin where deforestation and 

encroachment of wetlands are rampantly high. 

v. Mandatory recycling of water in industrial production can help save significant 

amounts of water. 

vi. It should be made mandatory that each major water abstractor, particularly 

irrigators and industries, provides storage equivalent to at least four months of their 

water consumption either prior to being granted a permit or within a stipulated 

period for those already abstracting water, this would further ensure water security 

in the basin and assure the consumers of uninterrupted supply during prolonged dry 

seasons which can last as long as four months.  

vii. Introduce block-rising tariff and metering instead of flat rate billing which 

strongly encourages wasteful use of water. 

viii. Develop a WAP to help manage temporal water fluctuations against the 

increasing demands. A WAP will help match the level of water abstraction from the 

river with water demand, streamflow patterns and ecological flow requirements.  

 
The study proposes increased efficiency in the use of natural resources and integration of 

water and land in the national policy agenda for natural resource conservation and 

management. The results of this study are meant to enhance understanding of the effects of 

water allocation systems on regional hydrology and form a basis of improved design of 

appropriate water allocation systems, and inform policy formulations to ensure sustained 

http://etd.uwc.ac.za/



 

149 

 

water availability and environmental sustainability in river basins. 

 

Furthermore, the results will also help improve the conditions for sustainable IWRM 

strategies and contemporarily help enhance the current and future coping capability of 

water consumers against water shortages and crises. The study also enhances awareness on 

the susceptibility of the water resources in the Nyando River Basin. In that regard, this 

study also contributes to the on-going global debate on Sustainable Development Goals by 

exploring ways of realising and improving IWRM strategies and the national target, vision 

2030. 

 

Proposed areas of related research include: 

i. Effects of land-subdivision on surface water availability 

ii. Effects of private sector participation in water resources management 

iii. Environmental impact assessment of dams on downstream water uses including 

EFRs  

iv. Investigation of the basin hydrological response and its consequences on the 

integrated water resources management 

v. A study of the existing water infrastructure development in the basin 

vi. Effects of wetlands reclamation on regional hydrology 
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ANNEXURES 

 

Annexure 3.1: Annual monthly flow variations from 1990 to 2013 at RGS 1GD03 

Year Month Flow (m
3
/s) Year Flow (m

3
/s) 

1990 January 14 2010 9 

1990 February 8 2011 5 

1990 March 20 2011 3 

1990 April 24 2011 5 

1990 May 28 2011 6 

1991 June 23 2011 9 

1991 July 23 2013 3 

1994 August 43 2011 15 

1999 September 37 2011 13 

2002 October 18 2011 13 

2008 November 13.8 2013 6 

2009 December 8 2012 7.9 

 

Annexure 4.1: Monthly Streamflow data for 1GD03 

Flow 

m
3
/s 

Jan Feb  Mar Apr  May  Jun Jul Aug Sep Oct Nov Dec 

Mean  7.91 8.33 9.78 15.41 22.56 19.02 16.01 24.33 20.98 12.19 11.18 8.86 

Dry 

year 

15.80 8.23 4.85 13.8 12.27 7.65 5.88 7.80 12.58 11.44 16.24 8.71 

Wet 

year 

23.46 9.76 8.11 92.26 106.83 17.06 3.49 36.58 77.97 28.12 7.14 96.35 

Demand 3.10 2.30 1.90 1.16 1.00 3.40 4.20 5.40 5.10 4.60 3.90 3.50 
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Annexure 4.2: Comparing mean flows with dry and wet year flows and demand in the entire 

basin 

 

 

Annexure 4.3: Comparing mean flows with dry and wet year flows in SC1

 

Annexure 4.4: Mean monthly, wet year and dry year flows, and demand at RGS 1GC06 
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Annexure 4.5: Mean monthly flows and demand at RGS 1GC06 

 

 

Annexure 4.6: Monthly flows and demands during dry years

 

 

Annexure 4.7: Mean, dry and wet year flows at 1GC05 on Kipchorian River in SC1 

Month  Mean Wet year (2010) Dry year (2009) 

Jan 0.051 0.008 0.005 

Feb 0.177 0.010 0.004 

Mar 0.012 0.621 0.001 

Apr 0.678 2.467 0.021 

May 1.023 4.071 0.023 

Jun 0.377 0.800 0.011 

Jul 0.716 1.022 0.007 

Aug 1.373 1.283 0.009 

Sep 3.937 8.181 0.015 

Oct 0.131 0.305 0.009 

Nov 1.077 0.009 0.006 

Dec 1.003 0.007 0.017 
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Annexure 4.8: Nyando Basin annual industrial water demand  

Demand  (Mm3) 2010 2015 2020 2025 2030 

Agrochemical 0.9008 1.0153 1.0434 1.2870 1.4493 

Chemelil Factory 1.0799 1.2160 1.3691 1.5413 1.7353 

Homalime Company 1.037 1.1668 1.314 1.4798 1.6659 

Muhoroni Factory 1.4402 1.6215 1.825 2.0555 2.3138 

Nandi Tea 0.036.0 0.0408 0.0456 0.0516 0.0576 

Total annual industrial water demand 4.4939 5.0604 5.5971 6.4152 7.2219 

 

 

Annexure 4.9: Mean, dry and wet year monthly flows and demands at 1GD03 

 

 

Annexure 5.1: Monthly industrial water demand unmet per industry in (m
3
) the Nyando Basin 

Industry Jan Feb March April May June Jul Aug Sept Oct Nov Dec Sum 

Agrochemical  3191.3 2882.5 3191.3 - - - - - - - - - 9,265.1 

Chemelil 3,821.9 3452.1 7212.6 - - - - - - - 3513.8 1885.3 19,885.7 

Homalime 14700 18000 18300 3600       17700 11000 83,400 

Muhoroni 5095.9 4602.7 5095.9 - - - - - - - - - 14,794.5 

Nandi Tea 125.0 125.0 249.6        124.7 61.3 685.6 

Total 26934.1 29062.4 3600        21338.5 12947  
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Annexure 5.2: Monthly industrial water demand unmet at Homalime Company under BAU 

scenario 

 

 

Annexure 5.3: Average monthly irrigation water deficits in the two major irrigation schemes 

Irrigation 

Scheme 

Jan Feb March April May June Jul Aug Sept Oct Nov Dec Sum 

Ahero (‘000 m
3
) - - - - - - 0.122 542.9 238.1 83.2 - - 986.1 

SW Kano Mm
3
 - - - - - - 0.8 3.5 1.6 0.6 - - 6.5 

Totals       0.922 4.04 1.838 0.683    

 

Annexure 5.4a: Monthly domestic water deficits in the Nyando River Basin under BAU and 

HPG scenarios 

Months Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Sum 

BAU Deficits 

(Mm
3
) 

0.22 0.25 0.20 0.10 0 0.03 0.00 0.06 0.00 0.00 0.22 0.20 1.28 

HPG Deficits 

(Mm
3
) 

0.40 0.42 0.44 0.20 0.1 0.08 0.00 0.08 0.02 0.10 0.42 0.40 2.66 

 

Annexure 5.4b: Monthly basin irrigation water demand unmet under BAU and EIA scenarios  

 

 

Annexure 5.5 Monthly domestic water demands unmet at SC1under BAU scenario 

Months Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 

m
3
 160,000 175,051 110,000 40,000 10,000 30,000 20,000 25,000 0.00 25,864 100000 120000 
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Annexure Figure 5.6a: Monthly domestic water demands unmet at SC1 under HPG scenario 

Months Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 

m
3
 315,000 328,790 270,000 120,000 25000 80,000 30,000 30,000 10,000 110,000 240,000 260,000 

 

 

Annexure 5.6b: Irrigation water demand unmet at Ahero Irrigation scheme under EIA 

scenario 

 
 

 
 

Annexure 5.7 Annual Irrigation water demand unmet at SW Kano Irrigation scheme under 

EIA and IWIT 

 
 
Annexure 6.1: Flow duration analysis for the month of March at 1GD03 

Water demand for March is 1.9 m
3
/s and is met 83% of the time. If EFRs at Q95 (0.86m

3
/s) 

is included then the total demand (2.76 m
3
/s) is met 67% of the time. If the proposed EFR 

at Q80 (2.06 m
3
/s) is considered then the total demand for March (3.96 m

3
/s) is met 56% of 

the time (Annexure 6.1a). March flows vary largely between 2 and 15 m
3
/s over the 

analysed period Annexure, 6.1b). 
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Annexure 6.1a: Flow duration curve for RGS 1GD03 for the month of March 

 

Annexure 6.1 b: March flows largely vary between 2 and 15 m
3
/s 

 

 
Annexure 6.2: Flow duration analysis for the month of April 

Water demand for April is 1.16 m
3
/s and is met 92% of the time. If EFRs at Q95 (1.6m

3
/s) 

is included then the total demand (2.76 m
3
/s) is met 87% of the time. If the proposed EFR 

at Q80 (3.7 m
3
/s) is considered then the total demand for April (4.86 m

3
/s) is met 73% of 

the time. The hydrograph shows increased flows in April (6.2b). 

Annexure 6.2a: Flow duration curve at RGS 1GD03 for the month of April  
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Annexure 6.2b: April flows largely vary between 2 and 30 m
3
/s 
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Annexure 6.3: Flow duration analysis for the month of May 

Annexure 6.3a: Flow duration curve showing percent time exceeded in May (1950-2012) 

 

 

 

Annexure 6.3b: May flows show increased flows and varying between 2.74 m
3
/s and 40 m

3
/s 
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Annexure 6.4: Flow duration analysis for June 

Water demand for June is 3.4 m
3
/s and is met 93% of the time. If EFRs at Q95 (2.6 m

3
/s) is 

included then the total demand (6.0 m
3
/s) is met 85% of the time. If the proposed EFR at 

Q80 (7.6 m
3
/s) is considered then the total demand for June (11.0m

3
/s) is met 66% of the 

time (Annexure 6.4a). June flows largely vary between 5 and 30 m
3
/s (Annexure 6.4b). 

 

Annexure 6.4a: Flow duration curve for RGS 1GD03 for the month of June 

 

 

Annexure 6.4b: June flows largely vary between 5 and 30 m
3
/s 
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Annexure 6.5: Flow duration analysis for July 

Water demand for July is 4.2 m
3
/s and is met 88% of the time. If EFRs at Q95 (2.01 m

3
/s) is 

included then the total demand (6.21 m
3
/s) is met 81% of the time. If EFR at Q80 (6.63 

m
3
/s) is considered then the total demand for July (10.83 m

3
/s) is met 64% of the time 

(Annexure, 6.5a). July flows largely vary between 5 and 20 m
3
/s (Annexure, 6.5b). 

 

Annexure 6.5a: Flow duration curve for RGS 1GD03 for the month of July 

 

 

Annexure 6.5b: July flows largely vary between 5 and 20 m
3
/s 

 

 

http://etd.uwc.ac.za/



 

190 

 

Annexure 6.6a: Flow duration curve for RGS 1GD03 for the month of August (1950-2012) 

 

 

 

Annexure 6.6b: August flows mainly vary 5 and 40 m
3
/s 

 

 

Annexure 6.7: Flow duration analysis for the month of September 

Water demand for September is 5.1 m
3
/s and is met 90% of the time. If EFRs at Q95 (3.38 

m
3
/s) is included then the total demand (8.48 m

3
/s) is met 82% of the time. If EFR at Q80 

(9.5 m
3
/s) is considered then the total demand for September (14.6 m

3
/s) is met 65% of the 

time (Annexure 6.7a). September flows largely vary between 5 and 30 m
3
/s (Annexure 

6.7b). 
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Annexure 6.7a: Flow duration curve for RGS 1GD03 for the month of September 

 

 

Annexure 6.7b: September flows largely vary between 5 and 30 m
3
/s 

 

 

Annexure 6.8: Flow duration analysis for the month of October 

Water demand for October is 4.6 m
3
/s and is met 82% of the time. If EFRs at Q95 (2.15 

m
3
/s) is included then the total demand (6.75 m

3
/s) is met 69% of the time. If EFR at Q80 

(4.96 m
3
/s) is considered then the total demand for October (9.56 m

3
/s) is met 58% of the 

time (Annexure, 6.8a). October flows vary between 5 and 30 m
3
/s (Annexure, 6.8b). 
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Annexure 6.8a: Flow duration curve for RGS 1GD03 for the month of October 

 

 

Annexure 6.8b: October flows vary largely between 5 and 30 m
3
/s 

 

 

Annexure 6.9: Flow duration analysis for the month of November 

Water demand for November is 3.9 m
3
/s and is met 78% of the time. If EFRs at Q95 (1.7 

m
3
/s) is included then the total demand (5.6 m

3
/s) is met 69% of the time. If EFR at Q80 

(3.7 m
3
/s) is considered then the total demand for November (7.6 m

3
/s) is met 55% of the 

time (Annexure, 6.9a). November flows vary largely between 5 and 20 m
3
/s (Annexure 

6.9b). 

 

http://etd.uwc.ac.za/



 

193 

 

Annexure 6.9a: Flow duration curve for RGS 1GD03 for the month of November 

 

 

Annexure 6.9b: November flows mainly vary between 5 and 20 m
3
/s 

 

 

Annexure 6.10: Flow duration analysis for the month of December 

Water demand for December is 3.5 m
3
/s and is met 69% of the time. If EFRs at Q95 (1.04 

m
3
/s) is included then the total demand (4.54 m

3
/s) is met 58% of the time. If EFR at Q80 

(2.5 m
3
/s) is considered then the total demand for December (6.0 m

3
/s) is met 47% of the 

time (Annexure, 6.10a). December flows variations are largely between 2 and 10 m
3
/s 

(Annexure, 6.10b). 
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Annexure 6.10a: Flow duration curve for RGS 1GD03 for the month of December 

 

 

Annexure 6.10b: In December, the river flows largely vary between 2 and 10 m
3
/s 

 

 

Annexure 6.11: Flow duration curve for RGS 1GC06 for February (1970-2012) 

In February water demand is met 75% of the time, but when EFRs is considered at Q95 

(0.14 m
3
/s) then the total demand (0.37 m

3
/s) is met 43% of the time. At Q80 EFRs is 0.17 

m
3
/s, but when demand is included then the total demand 0.4 m

3
/s is met only 40% of the 

time. (6.11a). The hydrograph shows annual monthly flow variations depicting 1978, 1998 

and 2007 as very wet years and most flows falling below 1.0 m
3
/s. February flows largely 

vary between 0 m
3
/s and 2 m

3
/s (6.11b).  
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Annexure 6.11a: Flow duration curve for RGS 1GC06 for the month of February (1970-

2012) 

 

 

Annexure 6.11b: In February, the river flows largely vary between 0 and 2 m
3
/s (1970-2012) 

 

 

Annexure 6.12 Flow duration curve for RGS 1GC06 for the month of March (1970-2012) 

In March demand is met 80%, but when EFRs is factored at Q95 (0.12 m
3
/s) then the total 

demand (0.35 m
3
/s) is met 53% of the time. At Q80 EFRs are 0.24 m

3
/s, but when demand 

is included then the total demand 0.47 m
3
/s is met 32% of the time (Annexure, 6.12a). The 

hydrograph shows monthly flow was more in March 1978 than in February and that the 

effect of El Nino rains had subsided in March 1998. Monthly March river flows range 

between 0.1 and 1.0 m
3
/s (Annexure, 6.12b). 
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Annexure 6.12a: Flow duration curve for RGS 1GC06 for the month of March                      

 

Annexure 6.12b: In March, the river flows vary largely between 0.1 and 1m
3
/s 

 

 

Annexure 6.13: Flow duration curve for RGS 1GC06 for the month of April (1970-2012) 

In April demand is met 87% of the time, but when EFRs is considered at Q95 (0.13 m
3
/s) 

then the total demand (0.36 m
3
/s) is met 81% of the time. At Q80 EFRs is 0.37 m

3
/s, but 

when demand is considered, then the total demand (0.60 m
3
/s) is met 54% of the time 

(Annexure 6.13a). This being a rainy season month, the river experiences increased flow 

hence increase in time length when the demand is met. In April river flows were more than 

2.0 m
3
/s in 1981, 1985, 1990, 2001, 2003, 2004, and 2010, and all the other years the river 

flows remained mostly below 1.0 m
3
/s (Annexure 6.13b).  
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Annexure 6.13a: Flow duration curve for RGS 1GC06 for the month of April 

  

Annexure 6.13b: In April, the flows show variations largely between 5 and 20 m
3
/s 

 

 

Annexure 6.14 Flow duration curve for RGS 1GC06 for the month of May (1970-2012) 

In May demand is met 94%, but when EFRs is considered at Q95 (0.17 m
3
/s) then the total 

demand (0.4 m
3
/s) is met 85% of the time. At Q80 EFRs is 0.47 m

3
/s, but when demand is 

included then the total demand 0.70 m
3
/s is met 65% of the time (Annexure, 6.14a). The 

implication is the river experiences increased flow and the demand is even met for a longer 

time than the previous months. In May, flows vary mainly between 0 m
3
/s and 5m

3
/s 

(Annexure, 6.14b).  
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Annexure 6.12a: Flow duration curve for RGS 1GC06 for the month of May 

 

 

Annexure 6.14b: In May, flows largely vary between 1 and 20 m
3
/s 

 

 

Annexure 6.15: Flow duration curve for RGS 1GC06 for the month of June (1970-2012) 

In June demand is met 92%, but when EFRs is considered at Q95 (0.14 m
3
/s) then the total 

demand (0.37 m
3
/s) is met 85% of the time. At Q80 EFRs is 0.43 m

3
/s and when demand is 

included then the total demand 0.66m
3
/s is met 69% of the time (Annexure, 6.15a). In June 

the river flows mostly remained between 0.5 and 4 m
3
/s (Annexure, 6.15b). 
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Annexure 6.15a: Flow duration curve for RGS 1GC06 for the month of June 

 

 

Annexure 6.15b: In June, river flows at 1GC06 largely vary between 0.5 and 4 m
3
/s 

 

Annexure 6.16 Flow duration curve for RGS 1GC06 for the month of July (1970-2012) 

In July demand is met 96% of the time, but when EFRs is considered at Q95 (0.45 m
3
/s) 

then the total demand (0.68 m
3
/s) is met 87% of the time. At Q80 EFRs is 1.31m

3
/s and 

when demand is included then the total demand 1.54 m
3
/s is met 76% of the time Annexure, 

6.16a). In July, the river flows mostly vary between 0.5m
3
/s and 8.0 m

3
/s (Annexure, 

6.16b).  
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Annexure 6.16a: Flow duration curve for RGS 1GC06 for the month of July 

 

 

Annexure, 6.16b: In July, river flow shows variations largely between 0.5m 3/s and 8.0 m
3
/s 

 

 

Annexure, 6.17: Flow duration curve for RGS 1GC06 for the month of August (1970-2012) 

In August demand is met 100% of the time, but when EFRs is considered at Q95 (0.57 

m
3
/s) then the total demand (0.80 m

3
/s) is met 94% of the time. At Q80 EFRs (3.2 m

3
/s) 

when demand is included then the total demand 3.43 m
3
/s is met 76% of the time 

(Annexure, 6.17a). The July river flows fluctuate between 0.5 m
3
/s and 15 m

3
/s (Annexure, 

6.17b). 
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Annexure 6.17a: Flow duration curve for RGS 1GC06 for the month of August 

 

 

Annexure, 6.17b: In August flows a show variation largely between 0.5 m
3
/s and 15 m

3
/s 

 

 

Annexure 6.18 Flow duration curve for RGS 1GC06 for the month of September (1970-2012) 

In September demand is met 100% of the time, but when EFRs is considered at Q95 (0.46 

m
3
/s) then the total demand (0.69 m

3
/s) is met 88% of the time. At Q80 EFRs is 1.28 m

3
/s 

and when demand is included then the total demand 1.51 m
3
/s is met 71% of the time 

(Annexure 6.18a). In September, the river, flows vary mostly between 0.5 m
3
/s to 10 m

3
/s 

(Annexure, 6.18b).  
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Annexure 6:18a: Flow duration curve for RGS 1GC06 for the month of September 

 

 

Annexure, 6.18b: The September river flows vary largely between 0.5 m
3
/s and 10 m

3
/s 

 

 

Annexure 6.19 Flow duration curve for RGS 1GC06 for the month of October (1970-2012) 

In October demand is met 98% of the time, but when EFRs is considered at Q95 (0.29 m
3
/s) 

then the total demand (0.52 m
3
/s) is met 73% of the time. At Q80 EFRs (0.44 m

3
/s) when 

demand is included then the total demand 0.67 m
3
/s is met 65% of the time (Annexure, 

6.19a). In October, the river flow ranges mainly between 0.1 m
3
/s and 4.0 m

3
/s (Annexure, 

6.19b).  
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Annexure 6.19a: Flow duration curve for RGS 1GC06 for the month of October 

 

 

 

Annexure 6.19b: The October river flow largely varies between 0.1 and 8 m
3
/s 

 

 

 

Annexure 6.20: Flow duration curve for RGS 1GC06 for the month of November (1970-

2012) 

In November demand is met 89% of the time, but when EFRs is considered at Q95 (0.13 

m
3
/s) then the total demand (0.36 m

3
/s) is met 75% of the time. At Q80 EFRs (0.33 m

3
/s) 

and when demand is included then the total demand 0.56 m
3
/s is met 65% of the time. 

November river flows largely range between 0 and 5 m
3
/s (Annexure 6.20b).  
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Annexure 6.20a: Flow duration curve for RGS 1GC06 for the month of November 

 

 

Annexure 6.20b: The November river flow largely varies between 0.1 and 5m
3
/s 

 

 

Annexure 6.21: Flow duration curve for RGS 1GC06 for December (1970-2012) 

In December demand is met 77% of the time, but when EFRs is considered at Q95 (0.11 

m
3
/s) then the total demand (0.364 m

3
/s) is met 68% of the time. At Q80 EFRs (0.22 m

3
/s) 

and when demand is included then the total demand 0.45 m
3
/s is met 58% of the time 

(Annexure 6.21a). The hydrograph shows that most flows range between 0 and 1.5 m
3
/s 

(Annexure 6.21b).  
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Annexure 6.21a: Flow duration curve for RGS 1GC06 for the month of December 

 

 

Annexure 6.21b The December river flow largely varies between 0.1 and 1.5 m
3
/s 

 

 

Annexure 6:22: May flows at 1GB05 (1970 to 2000) 

 May the flows vary between 0.63 m
3
/s and 10.89 m

3
/s (Annexure, 6.22a) FDC shows that 

if the EFRs are not considered the demand is met 100% of the time. However, when EFRs 

are considered at Q95 then then the total demand is met 88% of the time. EFRs at Q80 is 

1.77 m
3
/s, but when inclusive of the demand then the total demand is met only 74% of the 

time (Annexure 6.22b). 
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Annexure 6.22a: May flow variability at 1GB05 (1970 to 2000) 

 

  

 Annexure 6.22b: Flow duration curve showing percent time exceeded for May (1970-2000) 

 

 

The hydrograph shows that in December the flow varies between 0.23 m
3
/s and 10.84 m

3
/s 

(Annexure 6.23a). The FDC shows that if the EFRs are not considered the demand is met 

100% of the time. However, when EFRs is considered at Q95 then then the total demand is 

met 94% of the time. EFRs at Q80 is 1.16 m
3
/s, but when inclusive of the demand then the 

total demand is met only 76% of the time (Annexure6.23b).  
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Annexure 6.23a: December flow variability at 1GB05 (1970 to 2000) 

 

 

Annexure 6.23b: Flow duration curve showing percent time exceeded for December (1970-

2000) 
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Annexure 6.24: Flow duration curve showing percent time exceedance for January (GB03) 

 

 

Annexure, 7.1: FGDs at SC1 on natural resources management and stakeholder participation 

in the basin 

 

Plate 7.16: FGDs at SC1 on natural resources management and stakeholder participation in 

the basin 
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Annexure 7.2  : Form WRMA 003-WRUA comment form for application for water permit

 

 

Annexure, 7.3: Nyando River Basin- Subsistence crops (Land use –ICRAF, 2003) 
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