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1.	Introduction	

Atakilte Beyene

Agricultural	water	resources	in	perspective
Many countries in East Africa are introducing new water policies and reforming 
existing ones (e.g., Laube 2007; Schwartz 2008). Water reforms that concern the 
agricultural sector are by far the most significant in terms of the scale and vol-
ume of water resources. This is not only because agriculture is the major user of 
water (accounting for about 70% of all current fresh water withdrawals globally 
and over 90% in most of the world’s least-developed countries) (WWAP 2014), 
but also because it faces unprecedented challenges that require major efforts in 
order to ensure its sustainability. First, Africa’s food production system is domi-
nantly rain-fed. Increasingly, dependency on rainfall has become a major source 
of insecurity in food production across the continent. According to the IPCC 
(Intergovernmental Panel on Climate Change) report, climate change is causing 
an increased incidence of drought, and growing variability and uncertainty in 
rainfall, and these changes are putting Africa’s food security and survival at risk 
(IPCC 2012). In Kenya, for instance, the combined economic impacts of recur-
rent drought and related shocks is estimated to cost the economy 0,7–1,0 percent 
of the GDP (Demombynes and Kiringai 2011). A recent report by the Interna-
tional food policy research Institute (IFPRI) indicates that climate change is a 
major factor in water conflicts in sub-Saharan Africa (SSA) (Priscoli and Wolf 
2009, IFPRI 2015). Minimising these risks is a priority for the continent and 
there is a sense of urgency in improving the provision, security and utilisation 
of water resources for food, feed and fibre and other products (CAADP 2003). 

Second, global pressure on and competition for water is also rapidly gro-
wing across the SSA region. Since the late 2000s, regional and global food and 
energy demands and insecurity have increased dramatically. Following the food 
and oil crisis of 2008, the proportion of land and water resources that have 
been transferred to investors, both foreign and domestic, for commercial far-
ming has increased dramatically (Land Matrix 2015). In these transfers, water 
is the key resource that attracts investors (Mehta, Velderisch and Franco 2012; 
Woodhouse and Ganho 2011). A recent study indicates that the volume of water 
transferred in these large-scale land deals is equivalent to the volume of water 
that would be required to address the food insecurity of, and malnutrition in, 
the countries that are hosting the investments (Rulli, Saviori and D’Odorica 
2013). The pattern observed is that the land allocations take place in areas where 
water is available, mainly along rivers and lake basins. Construction of large-
scale dams is also booming in parts of Africa, as in the case of the Nile and Lake 
Victoria Basins. These dams are often multipurpose and aim at the expansion of 
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various economic activities such as energy (hydropower), fisheries, transport and 
tourism. These emerging water demands are likely to create challenges for water-
use allocation decisions and in managing the risk of conflict and inequalities in 
access to and use of water at local and regional levels. 

Finally, Africa’s demographic, urban and income expansions are also expec-
ted to accelerate demand for irrigated produce. Africa is among the fast urbani-
sing regions, and by 2035 almost 53% of the population (from the current 40%) 
is expected to live in urban areas (FAO/UNIDO 2010). Anticipated growth in 
incomes and the size of the middle class in urban areas will result in demand 
for irrigated products, such as vegetables and fruits. Some analysts have esti-
mated that 60% of added food required will come from irrigation (Plusquellec 
2002) and by 2050, agriculture will need to produce 100% more in developing 
countries (WWAP 2015). As these products are water-intensive, their produc-
tion places high pressure on water resources. The market and political forces 
that emerge in response to demographic and consumption changes are expected 
to cause significant change in the allocation of water resources from rural and 
environmental sectors to urban and industry sectors. 

These broad and interlinked processes are creating a growing sense of urgen-
cy about reforming agricultural water sectors in two respects: improving availa-
bility and supply of water, and setting up water institutions. On the water sup-
ply side, many regional development organisations (e.g., CAADP 2003; AGRA 
2014) have recently proposed significant increases in investments in water in-
frastructure, such as dams and irrigation canals, across Africa. Related to these 
are the promotion of watershed and catchment rehabilitation and protection in 
order to reduce siltation in dams and canals. These new water schemes are neces-
sitating the reconfiguration or creation of new institutions and organisations in 
order to create or improve water management systems that address access to and 
distribution and use of water resources. This issue paper focuses on the latter 
aspect, namely, institutional and organisational reform. The case studies from 
East Africa presented in chapters 2 to 5 address some of the key institutional and 
organisational aspects of water. 

Key	aspects	of	water	institution	reforms
In this introductory section, three major issues are extrapolated from the case 
studies and the literature to highlight three the key issues facing the reforms be-
ing introduced in the region. These are: 

1. Informal water institutions and the quest to formalise them 
2. Sustainability of ecosystem services, and 
3. Coordination of institutions and information systems across stakeholders
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Informal water institutions and the quest for formalisation
One of the major features of current water reforms is that they invariably tend 
to pursue formalisation of water institutions as part of the development agenda. 
In fact, the very notion of water reform departs from the general assumption 
that state policies and laws will institute new institutions and organisations to 
manage water resources. This is particularly evident in irrigation schemes, where 
public and non-governmental organisations are involved in financing, operating 
and organising the schemes. Progress in formalisation, however, is not guaran-
teed. As the results of this study indicate, the outcomes are mixed. Instead of 
effecting a smooth institutional transition, the process is characterised by selec-
tive inclusion and exclusion of actors, conflicts and the persistence of multiple 
institutional setups. 

It is well recognised that access to and use of irrigation water in rural Af-
rica involves informal and formal institutions (Meinzen-Dick and Nkonya 
2007). The informal institutions are widely distributed across the continent and 
are highly localised and context-specific. For instance, small-scale irrigation 
schemes, rural livestock farming and small-scale fishery systems generally rely 
on informal institutions. These latter evolve in response to prevailing social and 
economic situations and are embedded in the customs, traditions and beliefs of 
the local people (Ostrom 2005). Informal institutions tend to prevail at the local 
and grassroots level of water management (ibid). 

While there is growing acceptance of informal institutions in small-scale and 
fragmented water-use systems, there is also recognition of the need to forma-
lise them, particularly where competition for water is high or new schemes are 
introduced (Garces-Restrepo et al. 2007). In irrigation schemes, for instance, 
transfers of management to local people seek to formalise water institutions and 
water organisations. This is often justified by the need to impose water fees as 
a means to recover investment costs and recurrent operation and maintenance 
costs. There is also another, more fundamental, argument in favour of formalisa-
tion stemming from claims that many informal water institutions embody un-
regulated access to water and inefficient water use (Easter, Rosegrant and Dinar 
1999). The shortcomings of the informal sectors include difficulty in achieving 
incentive structures, high transaction costs and weak mechanisms for invest-
ment in the development and management of water resources (Saleth and Dinar 
2004). Where informal institutions dominate, access to and accumulation of 
resources is embedded in social relationships in which kinship, marriage, client 
networks and circles of trading friends are important factors (Clough 2014). 

Formalisation of water institutions refers to the extent to which access, use 
and management of water resources comes under the direct legal and regu-
latory influence of the state (Angueletou-Marteau 2008). In contrast to the 
informal institutions, formal institutions “stress the importance of state-level 
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institutions to the expansion of a homogenous impersonal market” (Clough 
2014: xvii). Meinzen-Dick distinguishes three alternative approaches to deve-
loping irrigation institutions: by states, markets or users (Meinzen-Dick 2007). 
Government and non-governmental organisation intervention in financing and 
delivering water infrastructure is often seen as positive in water development 
(Briceño-Garmendia, Smits and Foster 2008), but reliance on bureaucratic 
administration and management systems generally entails the risk of failure 
and mismanagement of water resources (Mukherji et al. 2009). The market 
mechanism to regulate water resources, especially in the provision and delivery 
services of water, emphasises economic and financial issues and the role of the 
market in water rights allocations (e.g., Pattanayak, Wunder and Ferraro 2010, 
Tsur et al. 2004). This, however, is controversial and difficult to implement. 
The failure of markets to capture externalities in water uses, in general, and 
the lack of other institutional conditions such as regulatory enforcement in 
developing countries, in particular, are arguments against market mechanisms 
for water (e.g., Redford and Adams 2009). In addition, there is a moral aspect: 
water is a basic resource that humans must have access to and should be under 
public management (e.g., Calaguas 1999). Thus, privatisation and commodifi-
cation of water as potential alternative mechanisms for water management in 
developing countries face uncertainty. The user perspective of water highlights 
the role of local institutions and organisations in water use. The literature on 
the level, scope and dynamics of local institutions and organisations in mana-
ging water resources is overwhelming, especially in developing countries (e.g., 
Hagedorn 2013, Callejo and Cossio 2009, Bruns 2007, Garces-Restrepo, Ver-
million and Munoz 2007, Saleth and Dinar 2004). Concepts such as Common 
Pool Resources, Water User Associations, Traditional User Systems, Commu-
nity Management Systems, etc. are embedded in the user perspective (Ostrom 
1990, 2005). 

The distinctions made above are largely analytical. In reality, elements of 
all the three approaches are exercised by different actors in the same location, 
although the relative significance of each aspect can vary significantly. For in-
stance, in irrigation schemes state-driven water institutions and local water user 
institutions may operate simultaneously and “coexist.” In other cases, small-
scale water providers, operating very much along market lines, are active in ur-
ban and rural water provision (South Africa and Botswana). Thus, institutional 
pluralism in irrigation systems is a reality in many countries in Africa. 

Consequently, current reforms can benefit from research that addresses the 
coexistence and interface of multiple institutions. Such coexistence is not with-
out competition and conflict. Differences in power relations and the emergence 
of new agricultural market opportunities for rural people can generate friction 
and restructure local institutional and organisational arrangements for water 
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(see Chapter 2). Creating shared responsibility for water management among 
different actors and institutions in a constructive and collaborative decision-
making process is identified as a key challenge facing water reforms. In striking 
the right balance between state, private and community activities, legal and 
institutional environments is thus crucial in water management. 

The push for formalisation from above (administrative or market mecha-
nisms) is also influenced by local social and economic dynamics. An important 
observation in this regard is that some local interest groups reinforce the formali-
sation processes. For instance, differentiation of local people in terms of their 
capacity, market relations and endowments reveals how local individuals behave 
and how groups are formed. Well positioned and powerful groups among local 
people are increasingly aligned with the formalisation processes being promoted 
by governments. As will be elaborated in Chapter 4, well-off and commercially 
well-connected local farmers support a more exclusionary institutional arrange-
ment for water access and use.  

Finally, poverty is an important issue that needs to be raised in formalisa-
tion processes. In a context where poverty is still a major challenge and alterna-
tive livelihoods are limited, the question of inclusiveness stands out as a critical 
challenge for formalisation.  As will be elaborated in Chapter 2, the dilemma 
is that the very notion of formalisation involves defining individuals or users as 
legitimate entities and as having exclusive rights to use the water resources. This 
implies delineating social boundaries in terms of users and non-users. 

Mechanisms to secure ecosystem services
The challenge of distributing consequences and benefits from any human in-
tervention in natural resources, water systems in particular, is well recognised 
(Buscher 2008, Redford and Adams 2009). Water flows and interconnects users 
at different places. This implies that externalities generated by a user in one place 
affect another user located elsewhere (Engel,Pagiola and Wunder 2008). One 
well-known challenge in irrigation schemes is the lack of integration between 
upstream and downstream management systems. Discussion of sustainability of 
irrigation schemes often focuses on the built infrastructure, typically manage-
ment of canal systems. Hence, mechanisms to recover costs of dams and canals, 
and to enforce water fees to cover operation and maintenance systems, are the 
focus of most irrigation schemes. 

Yet sustainable irrigation systems are highly dependent on broader ecosystem 
services upstream. Irrigation schemes often require clean and abundant water. 
This in turn requires healthy watersheds and ecosystems, involving complex in-
teractions of soil, water, vegetation and climate. Establishing mechanisms that 
sustain such conditions is a policy priority. Ecosystem services (ES), defined 
as “the benefits people obtain from ecosystems” (MEA 2005), are vital to the 
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regeneration of clean water and the decomposing of wastes.1 Typically, protec-
tion of forest and vegetation and promotion of sustainable land use systems, 
including soil and water conservation, among upstream land users are seen as 
important for the sustainability of water supplies for irrigation schemes.  

There is much discussion in watershed management and conservation about 
quantifying and paying for the services to societies that nature performs – la-
belled as Payments for Ecological/ Environmental Services (PES) (e.g., Wunder 
2005; Gomez-Baggethun and Perez 2011; Kosoy and Corbera 2010; Peterson et 
al. 2010). PES schemes have been defined as “a voluntary transaction in which 
a well-defined ecosystem service is ‘bought’ by a minimum of one ecosystem 
buyer from a minimum of one ecosystem service provider if, and only if, ecosys-
tem service provision is secured (conditionality)” (Wunder 2008). 

Payments for watershed services have been recently tried in developing coun-
tries, mainly in Latin America but less often in Africa (Stanton et al. 2010). 
However, their feasibility is not well established. Based on a review of 95 pay-
ments for watershed services (PWS), Porras, Grieg-Gran and Veves (2008) iden-
tify challenges in operationalising payments, mainly due to the complexity of 
measuring and attributing changes in the provision of watershed services. Such 
schemes often depend on external funding, and the self-financing promise of 
PES is weak (Ferraro 2009). In other cases, lack of clear tenure and property 
ownership of land and water resources undermines PES mechanisms (Bruce, 
Wendland and Naughton-Treves 2010). 

The major criticism of PES is its reliance on the market. In this vein, Gomez-
Baggethun and Perez (2011) argue that PES is essentially a form of “com-
modification of ecosystem services with potential counterproductive effects 
for biodiversity conservation and equity of access to ecosystems benefits” (p. 
1). The authors further argue that commodification has the political aspect of 
appropriation-dispossession and potentially creates conflicts in the distribution 
of ecological services (Gomez-Baggethun and Perez 2011). These risks are par-
ticularly high in less developed countries, for various reasons. In many African 
countries, market institutions and related capacities are weak. As Ferraro (2009) 
indicates, such schemes are heavily NGO-supported and not self-sustaining. 
Second, watershed management activities are predominantly part of national 
natural resource conservation programmes. Promotion of soil and water con-
servation, tree planting programmes and improved land use programmes (such 
as agroforestry) continue to be supported by governments and donors. Third, 
watershed areas continue to be covered by a mosaic of land use systems in which 
community ownership, open access and individual user-right systems coexist. 

1.   The four broad ES categories are: provisioning, such as production of water; regulating, 
such as control of disease; supporting, such as crop pollination; and cultural, such as spir-
itual benefits (MEA 2005). 
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In such contexts, the PES actors (buyers and sellers) are not easy to organise 
(Stanton et.al. 2010) and, hence, implementing PES through voluntary and  
market-based systems is simply not feasible. Finally, PES’s contribution to pover-
ty reduction and livelihood improvement is not clear and there is concern that 
the ability of poorer households to participate in PES schemes is not promising. 
Based on 287 case studies, Landell-Mills and Porras argue that market-based 
environmental services are unlikely to contribute to poverty reduction. In other 
cases, poorer households are less likely to have secure tenure and access to credit, 
and less likely to receive technical assistance (Landell-Mills and Porras 2002). 
The sustainability of financing watershed services depends on whether they are 
driven by water users, for example downstream irrigators. This largely depends 
on whether their production is profitable enough to generate the money needed 
to pay upstream services.

Taking all this into account, current policy reforms need to focus on promot-
ing broad-based and pro-poor management systems. In Uganda, for instance, 
introduction of pro-poor water tariffs and special water projects targeting the 
poor have resulted in significant expansion of services (Kariuki et al. 2014). Un-
like the above alternatives, this approach adopts a broader perspective. Daw et 
al. (2011) argue that instead of conceiving ES in terms of profiteering, broader 
objectives of poverty alleviation need to be emphasised. The authors suggest 
that different groups derive different benefits from ES. Stakeholder analysis and 
equity analysis can enhance the sustainable management of resources. Poverty-
oriented water interventions thus need to be seen in terms of improved health, 
reduced health costs, increased productivity and time-savings. Progress in these 
is likely to build up sustainable livelihoods and improve the capacity of local 
people to rehabilitate degraded lands and better manage their resources. 

Given the communal nature of tenure and access systems in many African 
watershed systems, community-based watershed management as the guiding 
principle for rehabilitating rural natural resources still appears to be practical 
and feasible. Improving resource management also requires addressing water-
access inequalities and improving participation by local people. As Chapter 3 
notes, strengthening competent local organisations, mobilising public resources, 
and decentralising institutions to allow for more participation by local people 
are critical issues that need to be considered. 

Coordination and information in water management
In conditions where water management is the responsibility of many decision-
makers in the public, private and community spheres, coordination of institu-
tions and organisations is key (e.g., Timmerman 2015). Furthermore, irriga-
tion systems typically display the spatial dimensions of water, creating needs 
for coordination. For instance, irrigation systems that use river or dam systems 
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involve individuals, groups of users and even different communities pursuing 
different irrigation practices. In large-scale irrigation schemes, in particular, co-
ordination is often provided by the state. 

Beyond the need for coordinating institutions, information management 
and dissemination are becoming increasingly critical, especially in medium- 
and large-scale irrigation systems, where the number of people involved is large. 
Rapidly changing technologies mean that Africa can make good use of the tech-
nological revolution. As Chapter 5 discusses, information and communication 
technology (ICT) applications are playing an important role in connecting wa-
ter users and water managers located in different organisational and geographic 
positions. 

Given the continuing importance of community-based management of wa-
ter resources, the question of how ICT opportunities can be integrated into 
local-regional management systems and the kinds of information and data that 
can be generated is critical. ICT has the potential to improve participation of 
water users and recognition of local context. As Ebi and Semenza (2008) indi-
cate, coordinated community action is a necessary condition for adaptation to 
climate change. Community-based risk and vulnerability assessment for climate 
change can be fostered through active community participation in collecting 
information that is relevant and meaningful to local people. ICT as a tool can 
play a key role in promoting both vertical and horizontal interactions.  

ICT application and use in water management systems, especially commu-
nity-based ones, is not without challenges. One problem is scaling-up the in-
formation from community-based approaches (Burton, Dickinson and Ho-
ward 2007). Organising, processing and disseminating the information require 
inputs from participants external to the community. Effective links between 
communities and authorities at higher levels are needed. The processes are of-
ten resource-intensive and their financing is often a challenge, as they are not 
included in water management systems and strategies. The risk of distortion 
or selective inclusion/exclusion of data and information may also dis/empower 
participants (Allen 2006).  

In such cases, states have greater roles to play at higher spatial scales, where 
data and information on water availability, water forecasts, early warning sys-
tems, etc. become integral aspects of the management systems. 

The	case	studies
Four case studies from East Africa are presented in the following sections. The 
first study (Chapter 2) explores performance assessment and evaluation of com-
munity participation in water sector governance in the Mount Kenya Region. It 
highlights that while community participation in water management is critical, 
its institutionalisation is complex. By focusing on Kenya’s water reforms, which 
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aimed at formalising water service provision, the chapter evaluates the policy re-
forms in terms of their inclusiveness. Exclusion of traditional or informal water 
users and limitations on community-wide stakeholder involvement are some of 
the key challenges such policy reforms encounter. Delineation of users and non-
users, and performance evaluations as between formal and non-formal users 
appear not to have been well considered when the water reform was introduced. 
The authors argue that the reforms are often focused on water users downstream 
of catchment areas. Upstream stakeholders and the significance of payment for 
catchment management are not fully considered in the reforms. 

The second case (Chapter 3) explores the pro-poor perspective in improving 
access to water in a context where climate change and water inequality prevail. 
In areas where water is scarce and climate change is a threat, building the ca-
pacities and skills of local water users, especially the marginalised and poor, are 
critical to ensuring access to water. In such conditions, there are incentives for 
introducing mechanisms that enhance efficient distribution and utilisation of 
water resources. Mechanisms such as Green Water Saving are promising, but 
financial support is needed for such initiatives to flourish. 

The third case (Chapter 4) study examines effects of competitive farming, 
especially intensive irrigation schemes, on water demand. Competitive farming 
strategies in the Muooni Dam site in Kenya rely on both differentiation and di-
versification of crops to optimise water utilisation. These strategies, however, ap-
pear to cause excessive water abstraction from dams and river systems. The farm-
ers pursue their maximising strategies without considering the available water. In 
order to discourage such behaviour, mechanisms that account for and balance 
individual water withdrawals and total or potential water availability at catch-
ment or basin levels and that improve awareness among users, are important. 

The final study (Chapter 5) explores the role of ICT (Information and Com-
munication technologies) in improving participation by and coordination of 
stakeholders in irrigation and water-use management systems in the Lake Victo-
ria Basin. The current dramatic advances in and expansion of ICT have improved 
access to information and communication in rural Africa. This technology has 
touched every aspect of life in rural and urban areas. However, integration of 
ICT into water systems and water infrastructure is in its infancy. This requires 
both horizontal and vertical integration of ICT. Horizontally, grassroots-level 
sharing of information can enhance participation by local users in the planning, 
management and maintenance of irrigation schemes. Vertical integration, on 
the other hand, can help to connect organisations both among themselves and 
with grassroots water users. 

Each of the chapter provides a set of key policy and research implications and 
recommendations. 
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Introduction
The Republic of Kenya initiated key reforms in 1999 in its water sector gover-
nance. These reforms culminated with the release of the Water Act 2002, 
 which has been amended to comply with the devolved system enshrined in the 
Constitution of Kenya 2010. The Water Act 2002 instituted a separation be-
tween Water Service Providers (WSPs) and Water Resource Users’ Associations 
(WRUA). In compliance with the new legislation, Ngaciuma-Kinyaritha stake-
holders created a WRUA in that catchment in 2006, amid many Community 
Water Management Systems (CWMSs). The latter are not legally recognised for 
managing water resources or for supplying water services. 

Should these CWMSs seek registration to qualify as WSPs? This is techni-
cally difficult for most “self-help” groups, and this study sought to assess the 
performance of the newly established key institutions among the CWMSs in 
Ngaciuma-Kinyaritha Catchment. To isolate the contribution of CWMSs to 
domestic water security a Performance Assessment and Evaluation (PAE) was 
conducted based on household survey data from 165 farmers and 36 in-depth 
interviews. 

The findings reveal that Kenya can be credited with having succeeded in 
initiating and implementing a participatory water governance system, despite 
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various financial and investment challenges. Moreover, though not legally re-
cognised, CWMSs have achieved almost a third of the targets of the water sector 
reforms in Ngaciuma-Kinyaritha Catchment, just like the registered WSPs and 
WRUAs. They need to be integrated into the new Water Act, which hopefully 
will be enacted in 2015. The latter has undergone a very long revision since 
2012, owing to contention over the transfer of powers on water supply and water 
resources (Cap. 371 and 372) and other political interferences.  

Purpose	of	the	study	
World water resources will be major casualties of global warming. Kundzewicz 
(2007) noted that, “There are three categories of water stress that would be ex-
acerbated by climate change: (i) Too little; (ii) Too much; and (iii) Too dirty.” 
Though Hulme et al. (2001) predicted increased precipitation in most Arid 
and Semi-Arid Lands (ASALs) of Kenya during dry periods, these and other 
humid areas will experience lower precipitation during almost the whole year. 
Therefore, visionary policies and legislation are needed to promote water secu-
rity through local investment in water and land conservation (Huggins 2002). 
Community involvement in water resource management was the core objective 
of the water sector reforms initiated in Kenya in 1999. However, conservation 
of wetlands as a source of water and income generating activities there from 
emanating were not given prominence dispite Kenya being a signatory of the 
ramsar convention. These would have provided an incentive for sustainable lo-
cal wetlands conservation and thus community water security (Macharia et al. 
2010) To integrate local communities into such participatory water governance, 
the new Water Act (2002) instituted WRUAs in all the catchments amid many 
Water Service Providers (WSPs) by ignoring the traditional role of existing 
Community Water Management Systems (CWMSs) (Mathenge et al. 2014). 
Thenceforward, the Water Resource Management Authority (WRMA) could 
not integrate these CWMSs into its institutional framework in order to guide 
the development, supply, utilisation and conservation of water resources at the 
local level. Should these CWMSs therefore seek registration to qualify as WSPs? 
In legal terms the answer is a simple “yes,” but registration is technically difficult 
for most “self-help” groups operating under customary law, which gave them 
all the mandates of the newly created WRUAs and WSPs. This study sought 
to uncover the implications of a ban on such traditional institutions on water 
security. A comparative assessment of the performance of CWMSs operating in 
Ngaciuma-Kinyaritha Catchment vis-à-vis the newly created WRUA and WSP 
was aimed at isolating their respective contributions to domestic water security 
in the Mount Kenya Region. 
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Literature	review
Climate Impact on the Rural Economy of Kenya
Climatic water related hazards are predicted to escalate in regions where forests 
and wetlands have been depleted (Pachauri 2004; Ngonzo et al. 2010). The 
latter are known to absorb excess water during floods and soften the effects of 
droughts. Hence, the 2007/2008 Human Development Report (HDR) men-
tioned five interactive transmission mechanisms of climate impacts on the rural 
economy: (1) collapse of ecosystems; (2) increased coastal flooding and extreme 
weather events; (3) heightened water insecurity; (4) reduced agricultural produc-
tivity; and (5) increased health risks. The report concludes: “While the processes 
are already apparent in many countries, breaching the 2°C threshold would 
mark a qualitative shift: it would mark a transition to far greater ecological, 
social and economic damage” (UNDP 2007: P. 30).

An ecological disaster in the Kenyan rural economy may be explained in 
terms of extreme water deficiency or low soil moisture in farmlands, which lead 
to excessive water stress or desiccation of crops and plants, soil loss and mass 
movements, and massive loss of natural habitats (Brown 2001; UNEP 2009). 
The social disaster may be attributed to the effect of the El Niño Southern Os-
cillation (ENSO) associated with worsening vulnerability to drought and dry 
spells as well as other related extreme events (Downing 2003; Jaetzold et al. 
2007). Finally, an economic disaster is generally associated with externalities 
emanating from environmental changes (Luwesi 2010). Consequently, legal and 
policy responses are key in achieving adaptation to and mitigation of water dis-
asters in order to ensure water and food security in the course of climate change 
(Huggins 2002; Van Koppen 2007). 

Legal and Policy Responses to Water Disasters in Kenya
Kenya has undergone several reforms to the governance of its water sector. Ngigi 
and Macharia (2007) report that from 1963 (independence) to 1997, the reforms 
targeted improvement of water quality and quantity through adequate finan - 
cing mechanisms (GOK 1965). This was reiterated in the “Water for all by 
2000” slogan in the 1974 National Water Master Plan (NWMP), which led 
to establishment of a national water development corporation in 1988 and a 
 National Water Master Plan 2012 in 1992 (GOK 1999).

The first guidelines for community participation appeared in 1997, when the 
government invited the private sector to participate in a decentralised form of 
water governance (K’akumu 2008). These guidelines were formally released in 
1999 as the National Policy on Water Resource Management and Development 
(GOK 1999). They were enacted as laws under the Water Act 2002 (GOK 2002) 
(Figure 1). 
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Pursuant to the implementation of the Water Act 2002, the WRMA and 
Water Services Regulatory Board (WASREB) were established in 2005, fol-
lowed by a National Water Resources Management Strategy (2007–09) and its 
integration into the 2007 Kenyan development blueprint, Kenya Vision 2030. 
In 2012, a new bill was introduced into parliament to align the provisions of 
the Water Act 2002 with the devolution enshrined in the Constitution of Kenya 
2010 (GOK 2010; 2014). This gave rise to the development of the National Wa-
ter Master Plan 2030 (JICA and GoK 2013).

Community Involvement in Water Resources Management
The global community recognises the right of both men and women to partici-
pate in development projects. In fact, the Rio Declaration on Environment and 
Development (UNSD 1992) stated: “environmental issues are best handled with 
the participation of all concerned citizens, at the relevant level …” (Principle 
10). One of the four principles put forward at the Dublin Water Conference in 
1992 was that “Water development and management should be based upon a 
participatory approach …” (Förch et al. 2005). These principles have long been 
stressed and widely accepted by international, national and local levels of go-
vernment, even if they have not been implemented by all governments (Crow 
and Sultana 2002). 

Nishimoto (2003) reports that a World Bank review strongly encouraged 
women’s participation in 121 rural water supply projects, which were found to 
be effective and sustainable. Maharaj et al. (1999) reveals that a government 
programme in Malawi was at risk of collapse when male-dominated committees 
were collecting fees. A change of regulations that assigned 60 per cent women 
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and 40 per cent men to committees led to improved management of the pro-
gramme. Similarly, the success of the Philippines Communal Irrigation Project 
was attributed to the integration of women into project operations (Nishimoto 
2003). As in Malawi, the involvement of women increased payment of fees, as 
women controlled household finances. 

Hence, in the “World Water Vision” Cosgrove and Rijsberman (2000) cite 
public participation in the management and conservation of water resources as a 
“real revolution.” But, this will only come true if all stakeholders are empowered 
to manage their own resources. Yet, community participation in the implemen-
tation of the Kenyan Water Act 2002 does not include communal “Self-Help 
Groups,” which are acknowledged as managing the catchment area while pro-
viding water services to all (Mathenge et al. 2013). Instead, the law delegates 
water catchment conservation to the WRUAs registered by WRMA, while the 
provision of water, sanitation and sewage services is the sole responsibility of 
WSPs legally licensed by the WASREB (Were et al. 2006).

The CWMSs existing where such legal institutions do not operate are there-
fore challenged in discharging their communal mandate of guiding the develop-
ment, supply, utilisation and conservation of local water resources. Should these 
CWMSs seek registration to qualify as WSPs and/or WRUAs? This study will 
shed light on their contribution to water security under changing legal environ-
ments in Ngaciuma-Kinyaritha.

Methodology
Geographical Setting of the Study Area
Ngaciuma-Kinyaritha is a sub-catchment of the Tana River emanating from 
Mount Kenya. It covers an area of 167 km2, with an estimated population of 
about 65,000 and a density of 390 persons/km2 (KNBS 2010). The catchment 
is bound by longitudes 37.5o E and 37.75 o E, and latitudes 0.04 o N and 0.15 o 
N (Figure 2).

The catchment spans three coffee agro-ecological zones (AEZ), namely Up-
per Midland AEZ 1 (UM 1), the coffee-tea zone; Upper Midland AEZ 2 (UM 
2), the main coffee zone; and Upper Midland AEZ 3 (UM 3), the marginal 
coffee zone (Jaetzold et al. 2007). Most of the soils are basaltic volcanic rock, 
except in the forested parts, with altitudes ranging from 1,120 m to 2,600 m. 
They are geologically young soils, thus poorly consolidated and susceptible to 
erosion and mass movement, as well as to high infiltration and seepage rates, es-
pecially on hillslopes (Förch et al. 2008). This justifies the presence of CWMSs 
to manage the little surface drainage at source, including Lake Nkunga crater, 
with its three springs and a sub-surface outlet joining Ngaciuma and Kinyaritha 
streams.
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Sampling Strategy and Sample Size
Ngaciuma-kinyaritha Catchment was purposely selected because it was one of 
the pilot catchments designated by WRMA for WRUA formation in 2006. A 
stratified random sampling was used to divide the catchment into three different 
hydro-ecological zones, Ngaciuma, Kinyaritha Minor and Kinyaritha Major. 
In total, 177 households were randomly selected at 5 % significance level, 5 % 
estimate precision and 10 % true population proportion. These were affiliates of 
32 CWMSs and 1 WRUA. 

Data Collection
Data used in this study mainly encompass socioeconomic information collected 
during a household survey (using questionnaires), in-depth interviews (invol-
ving 36 local administration officers) and a Focus Group Discussion (FGD) 
with eight key informants from the 32 CWMSs. A documentary review made 
possible the gathering of secondary data on water resources and demand within 
the six basins of Kenya and the three major nodes of the Ngaciuma-Kinyaritha 
River. 

Data Analysis and Interpretation of Results
Data collected were inputted, pre-processed and analysed using SPSS and MS 
Excel spreadsheets. The results relating to the performance of WRMA and 
WASREB were retrieved from official government and private documents. 
However, the socioeconomic factors emphasised during the survey, interviews 
and FGD were subjected to a robust Performance Assessment and Evaluation 
(PAE) involving both qualitative and quantitative techniques along with a tri-
angulation of data and methods (Furubo 2009).

Figure 2: Map of Ngaciuma-Kinyaritha Catchment

Source: Alufa (2010)
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The only qualitative technique used in the robust PAE involved pattern or 
content analysis. The remaining part of the analysis used quantitative techniques 
supported by a scorecard of key actors involved in the study, namely a WSP 
(MEWASS), a WRUA (NGAKINYA WRUA) and 32 anonymous CWMSs. 
Utility ratios on the efficiency and effectiveness of each of the above institutions 
were derived by comparing descriptive statistics with the targets of the NGAK-
INYA WRUA SCMP 2007–2010 (Rogers 2005; Kazbekov et al. 2009). These 
results were presented in tables and in a web chart to shed light on the contribu-
tion of local CWMSs to ensuring domestic water security among the WRUAs 
and WSPs operating in the Ngaciuma-Kinyaritha Catchment.

Results	and	discussion
Overall Performance of the 2002 Water Sector Reforms
Water Resources Management: The Government of Kenya (GoK) through 
WRMA may be credited with reaching a landmark in its water resource man-
agement targets. WRMA (2010) reports that GoK established six WRMA re-
gional offices in 2005 in order to tackle inappropriate farming practices leading 
to land degradation, water crises and resource conflicts among upstream and 
downstream users. These encompassed: (a) Lake Victoria North Catchment 
Area (LVNCA), covering 18,374 km2; (b) Lake Victoria South Catchment Area 
(LVSCA): 31,734 km2; (c) Rift Valley Catchment Area (RVCA): 130,452 km2; 
(d) Athi Catchment Area (ACA): 58,639 km2; (e) Tana Catchment Area (TCA): 
126,026 km2; and, (f) Ewaso Ng’iro North Catchment Area (ENNCA), cover-
ing 210,226 km2. 

Besides the operationalisation of WRMA, Catchment Areas Advisory Com-
mittees (CAACs) were also put in place to advise WRMA in accomplishing its 
mandate. This led to the creation of the first WRUAs in the Tana Catchment 
(Bwathonaro and Ngaciuma-kinyaritha sub-catchments) in 2006–07. Also, the 
first Sub-Catchment Management Plans (SCMPs) were developed in each pilot 
catchment area during the same period. By 2009, each of the six WRMA re-
gional offices had developed its Catchment Management Strategy (CMS), and 
over US$ 1,800,000 (KES 126,104,300) had been collected from water users. 
This development was explained by the increased number of WRUAs across the 
country to about 292 in 2010, 80 being mature and having SCMPs. Besides, a 
reduction by over 30 % of illegal water abstractions was recorded in the upper 
sub-catchments, while in the middle and lower sub-catchments a more than 
70  % decrease was recorded. Finally, about 21.9 % of large water users and 
78.1 % of small users were complying with water rules and regularly paying 
their water fees. Only seven prosecutions were initiated by the Water Appeal 
Boards (WABs) and parties complied with the decisions.

However, new developments are afoot in the Kenyan water sector ahead of 
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the implementation of the devolution enshrined in the Constitution of Kenya 
2010. The proposed Water Act 2014 suggests that WRMA will be upgraded to 
the status of Water Resources Regulatory Agency at the national level, and “Ba-
sin Water Regulatory Boards” at the basin level (under section 9); and CAACs 
will become “Basin Water Resources Committees” (under section 23) (GOK 
2014). The new legislation has also proposed the creation of “new agencies, such 
as ‘Water Works Development Board’ and ‘National Water Harvesting and 
Storage Authority’” (WaterCap 2014). 

In line with the constitution, the national government will have to conserve 
catchment areas, develop water service infrastructures and monitor water ser-
vice quality. Local governments will have to implement national policies at the 
county level to supplement infrastructure development for resource exploitation 
(GOK 2014). However, there are still gaps with regard to: (1) the capacity of 
institutions to manage water, sewage and drainage services as well as wastewater 
reclamation and disaster management at county level; and (2) the separation of 
regulation and implementation functions among the new bodies. These chal-
lenges need to be addressed as fast as possible to mitigate the deficits in water 
resources projected by 2030 in ACA, TCA and ENNCA (Table 1). Nonetheless, 
increased water resources and demand are foreseen in each basin, but with a 
reverse trend for water resources in 2050 in the ASALs, especially in ENNCA. 
Higher water demands of more than 40 % are predicted over water resources in 
ACA and Ewaso Ng’iro North Catchment Area. This will be driven by demand 
for irrigation water as proposed by the Kenya Vision 2030 (Table 2).

Water Services Provision: According to the Kenya national census of 2009, 
only 14 % of households in rural areas reported having access to tap water, 
while a majority fetched water from springs, wells and boreholes (42 %), streams 
(31 %) and dams and ponds (6 %) (Figure 3).

Table 1: Projected water balance in Kenya (millions of m3)

2010 2030 2050

Catchment Area

Water 
Resources 

(a)

Water 
Demand 

(b) (b)(a)
Water 

Resources (c)

Water 
Demand 

(d) (d)(c)
Water 

Resources (e)

Water 
Demand 

(f) (f)(e)

LVNCA 4,742 228 5 % 5,077 1,337 26 % 5,595 1,573 28 %

LVSCA 4,975 385 8 % 5,937 2,953 50 % 7,195 3,251 45 %

RVCA 2,559 357 14 % 3,147 1,494 47 % 3,903 1,689 43 %

ACA 1,503 1,145 76 % 1,634 4,586 281 % 2,043 5,202 255 %

TCA 6,533 891 14 % 7,828 8,241 105 % 7,891 8,476 107 %

ENNCA 2,251 212 9 % 3,011 2,857 95 % 1,810 2,950 163 %

Total 22,564 3,218 14 % 26,634 21,468 81 % 28,437 23,141 81 %

Sources: JICA and GoK (2013) 
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However, 38 % accessed tap water in urban settings, and 14 % even had 
water connections to their homes. Only 24 % had to use springs, wells and 
boreholes, 13 % water vendors and 8 % streams (Figure 4). 

This situation called for the creation of Water Services Regulatory Board to 
license Water Services’ Boards (WSBs). The latter have the mandate of develo-
ping water infrastructure in each region served by WASREB, and award permits 
to WSPs in major cities and to rural areas under WSB control. Strategic actions 
adopted by WASREB for financing water infrastructure included: (i) tariffs, fees 
and fines to cover transaction costs for Operations and Maintenance (O&M); (ii) 
governmental Medium Term Expenditure Framework (MTEF) to collect taxes 
from domestic taxpayers to finance water infrastructure development; and (iii) 
donors and International Financial Institutions (IFIs) leverage to fund additional 
investments in water infrastructure (Luwesi 2011; WASREB and WSP 2011). 

Performance of the Water Sector in Kenya: The performance report by WAS-
REB (2012) shows some improvement in the performance of 46 WSPs in 2010-
2011 compared to the year 2008 (Table 3). 

Table 2: Projected water demand by sub-sector (millions of m3)

Sources: JICA and GoK (2013) 

Subsector Year 2010 (a) Year 2030 (b) (b)(a) (%) Year 2050 (c) (c)(a) (%)

Domestic 1,186 2,561 216 3,657 308

Industrial 125 280 224 613 490

Irrigation 1,602 18,048 1,127 18,048 1,127

Livestock 255 497 195 710 278

Wildlife 8 8 100 8 100

Fisheries 42 74 176 105 250

Total 3,218 21,468 667 23,141 719

Source: KNBS 2010

Figure 3: Water service accessibility in rural area
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The most performing WSPs were classified into three types: (Type 1) those 
not having achieved the full cost of O&M; (Type 2) those having covered full 
O&Ms but unable to repay pending debts; and (Type 3) those having covered 
between 100 % and 150 % of O&M costs and partly or fully repaid their debts. 
Most WSPs lacked consistency, except for 21 Type 3 cases located in major 
towns such as Nairobi, Mombasa, Kisumu, Nyeri and Meru. Hence, WASREB 
and WSP (2011) could stress on the more urgent financing needs for sanitation 
infrastructure, even in urban areas where households were connected to water 
and sewerage lines. Moreover, water sector financing in Kenya, especially infra-
structure development, becomes a burden for IFIs and donors since they carry 
a 56.5 % share of the total budget (WASREB 2012). These financial challenges 
may hamper the smooth implementation of water sector reforms.

Without proper tariffs, the Kenyan water sector will depend heavily on do-
nor and IFI funding for infrastructure development. Yet, the current interna-
tional financial environment is not such as to enable the Kenyan government 

Source: KNBS (2010)

Table 3: WSP performance in 2010–2011

Indicators 2008/2009 2008/2010

Number WSPs 46 39 %

Number WSPs with sewerage systems 21 23

Water Coverage 46 % 6 7%

Sanitation Coverage 47 % 67 %

Sewerage coverage (Nairobi) 30 % 28 %

Sewerage coverage (Mombasa) 7 % 4 %

Average sewerage coverage (Kenya) 15 % 15 %

Source: WASREB (2012) 

Figure 4: Water services in urban settings
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to raise sufficient funds by 2015 to achieve its strategic targets for water, sewage 
and drainage s infrastructure, notably 40 % to 70% for water supply and 5 % 
to 10 % for sewage and drainage services in rural areas, and 60 % to 80 % for 
water supply and 30 % to 40 % for sewage and drainage services in urban areas 
(Bouwer 2003; AMCW et al. 2006; GOK 2008; World Bank et al. 2008). 

Besides, the prospects of a water balance in Kenya by 2050 are gloomy in all 
the major basins. It is clear that irrigation demands associated with the targets in 
the Kenya Vision 2030 are unrealistic and need to be reduced (Falkenmark and 
Rockström 2004; Mogaka et al. 2006; Mumma et al. 2011). Therefore, water 
sector sustainability may be achieved through inclusive financing and manage-
ment of water resources and related infrastructures by communities (Dyszynski 
2010). The following section examines the contribution of CWMSs in ensuring 
water security in the Ngaciuma-Kinyaritha Catchment. 

CWMSs’ Contribution to Domestic Water Security in Ngaciuma-Kinyaritha
Performance Assessment and Evaluation: CWMS performance in managing wa-
ter resources and providing water services in Ngaciuma-Kinyaritha recorded a 
total ratio of 53.6 %, while their WRUA and WSP counterparts fared “fairly 
well” (62.2 % and 54.4 %, respectively). Even so, their shared contribution to 
water security was as “fairly poor,” that is below 40 % and above 30 % (Table 
4). In effect, CWMSs’ contribution to water supply sustainability and environ-
mental management was rated “fairly poor” (below 50 %), owing to insufficient 
and inadequate technological means and the lack of contingent plans to address 
water disasters (Table 5). 

Nonetheless, all water institutions performed “fairly well” in water resource 
management and social inclusion with overall ratios rising above 60 % (Ta-
ble 6). CWMSs were particularly lauded for being socially inclusive, especially 
when it came to decision-making and conflict resolution (60 %) and to inte-

CONTRIBUTION CWMS MEWASS NGAKINYA WRUA

Rate Performance Rate Performance Rate Performance

Water supply sustainability and 
environmental management

50.0 % Fairly well 54.4 % Fairly well 62.2 % Fairly poor

Water resource management and social 
inclusion 

62.2 % Fairly well 60.0 % Fairly well 71.1 % Fairly well

Economic development and business 
success

36.0 % Fairly well 68.0 % Fairly well 68.0 % Fairly poor

Farming water development and 
profitability

62.0 % Fairly well 46.0 % Fairly poor 62.0 % Fairly well

Rating 53.6 % Fairly well 57.1 % Fairly well 66.1 % Fairly well

Performance 30.3 % Fairly Poor 32.3 % Fairly Poor 37.4 % Fairly Poor

Table 4:  Performance utility ratios of water institutions in Ngaciuma-Kinyaritha

Source: Mathenge et al. (2014)
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Table 5: Water services provision and sustainability in Ngaciuma-Kinyaritha

Source: Mathenge et al. (2014)

No CONTRIBUTION CWMS MEWASS NGAKINYA WRUA

1. Reduced distance to water source 50 80 60

2. Increased water quality 40 70 40

3. Enhanced water services affordability 80 50 70

4. Water supply self-sufficiency 30 80 60

5. Catchment management capability 80 30 90

6. Drought prevention /preparedness 30 0 40

7. Water management/ services modernisation 40 80 60

8. Soil conservation effectiveness 60 20 80

9. Water conservation effectiveness 40 80 60

Rating 50 % 54.4 % 62.2 %

Performance Fairly Poor Fairly Well Fairly Well

grating local culture and gender sensitivity in their daily management (100 %) 
(Table 6). However, technological inefficiency was a hindrance to improving 
community welfare through notably good water hygiene practices and drought 
control measures, as well in as in reducing the time and distance for fetching 
water (50 %). Thus, they were rated “fairly well” (62.2 %).

CWMSs’ contribution to economic development and business success was 
found to be fairly ineffective (50 %), and thus could not add value to the exis-
ting infrastructure in the catchment (25 %). They could not control water price 
fluctuations due to seasonality (50 %) or foster new businesses (35 %).

Table 6: Water resource management and social inclusion in Ngaciuma-Kinyaritha

Source: Mathenge et al. (2014) 

No CONTRIBUTION CWMS MEWASS NGAKINYA WRUA

1. Local culture on water supply/ management 100 75 80

2. Gender sensitive water supply / management (women 
and men equality) 

100 75 100

3. Welfare improvement 50 50 60

4. Decreased frequency of drought 50 0 60

5. Reduced distance for fetching water 50 90 60

6. Reduced time for fetching water 50 80 60

7. Reduced cases of water borne diseases 40 80 60

8. Public consultation/ involvement in decision-making    60 20 80

9. Decreased cases of conflict on water use 60 70 80

Rating 62.2 % 60 % 71.1 %

Performance Fairly Well Fairly Well Fairly Well
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Table 7: Economic development and business success in Ngaciuma-Kinyaritha

Source: Mathenge et al. (2014)

No CONTRIBUTION CWMS MEWASS NGAKINYA WRUA

1. Water supply/ management network coverage 20 60 90

2. Use of water charges (tariff/ price) 50 100 100

3. New investments in irrigation schemes in the area                25 20 35

4. Increased economic activities due to water development      35 75 40

5. Reduced seasonal variability of water cost     50 85 75

Rating 36 % 68 % 68 %

Performance Fairly Poor Fairly Good Fairly Good

Hence, their overall performance in the economic and business sector was 
recorded as “fairly poor” ratio (36 %) (Table 7). 

Table 8 reveals that CWMSs like NGAKINYA WRUA have a fair capabi-
lity (62 %) in developing water resources to ensure farming profitability, which 
WSPs do not have. CWMSs have a strong influence on community beliefs and 
motivations and can play a key role in mobilising community members, es-
pecially women, to participate in the implementation of water and soil con-
servation measures in the catchment. In addition, they can encourage farm-
ers to harvest rainwater and pay for environmental services, even though they 
have limited capability to manage water costs and increase farm yield. Hence, 
globally rated, CWMSs’ water governance capability in Ngaciuma-Kinyaritha 
Catchment was rated as “fairly well,” but their share in achieving water security 
was “fairly poor,” just like other water institutions (Figure 5).

Discussion on CWMSs’ Contribution to Domestic Water Security
With the ongoing implementation of water sector reforms, WSPs (notably ME-
WASS) and the NGAKINYA WRUA are wholly able to achieve nearly 70 % of 
water security targets in Ngaciuma-Kinyaritha Catchment. The remaining one-
third can be attributed to the CWMSs, mostly known as “Self-Help” groups. 

Table 8: Water development and farming profitability in Ngaciuma-Kinyaritha

Source: Mathenge et al. (2014)

No CONTRIBUTION CWMS MEWASS NGAKINYA WRUA

1. Water conservation and rain harvesting for agriculture 60 20 60

2. Reduced  water cost in farming 50 30 40

3. Increased yield in farming 40 60 50

4. Farmers adhering to community water management 
system

100 20 80

5. Farmers paying for more effective and efficient water 
management 

60 100 80

Rating 62 % 46 % 62 %

Performance Fairly well Fairly Poor Fairly well
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This disparity in the management and usage of water has resulted in poor per-
formance of water projects in Kenya and other developing countries (Maharaj 
et al. 1999; Suda 2000). 

Therefore, the future welfare of community living in Ngaciuma-Kinyaritha 
Catchment will depend on cooperation among all established institutions both 
at local and national levels. Policy-makers, on one hand, and local community 
leaders, on the other, need to define a coherent management framework and 
enforcement mechanisms (Ayling and Kelly 1997). When government policies 
and laws start conflicting with local people’s traditions and cultural practices, 
one can expect progressive degradation of the quality and quantity of water 
flowing in the catchment (Shivoga et al. 2007). This is typical of the current le-
gal environment for the water sector in Kenya, where CWMSs are significantly 
excluded from both catchment management and rural water supply. Negative 
environmental impacts are foreseen in areas where no WRUA is operational if 
CWMSs collapse or decide to give up ahead of the enforcement of the Water 
Act 2014 (Lelo et al. 2005).

Conclusion	and	recommendations	
The status of water security in Kenya in general and in Ngaciuma-Kinyaritha 
Catchment in particular, is volatile and needs to be urgently addressed. There 

Note: The black polygon in the centre represents CWMS performance in Ngaciuma-Kinyaritha

Figure 5: Overall performance of CWMSs in Ngaciuma-Kinyaritha
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is thus a need for a more inclusive and multi-pronged approach to solving the 
many problems facing catchment areas in the country. Sustainability in water 
resources and sanitation services also requires adequate investment in infra-
structure development. When coupled with good infrastructure and technologi-
cal innovativeness, community participation in the development of water and 
sanitation infrastructures may achieve the targets of the water sector reforms 
under the stewardship of CWMSs. Though informal, these self-help groups are 
already achieving 30 % of the targets of the reforms in Ngaciuma-Kinyaritha 
Catchment, just like any WSP or WRUA. Hence, there is a need for large-scale 
inclusion of the masses through dialogue forums surrounding water legislation 
to foster community participation and ease the water inequalities facing certain 
stakeholders. The latter should be empowered politically, legally and financially 
to meet their demands for water in the course of climate change.

Key	policies	and	research	implications	
The water crisis is the result of the current legal environment in Kenya, which 
technically locks traditional CWMSs out of the water business to the benefit 
of WRUAs and WSPs. CWMSs are significantly excluded from both catch-
ment management and rural water supply. Yet, in areas where no WRUAs and 
WSPs are operational, water security is crucial, owing to negative environmen-
tal impacts, lack of water infrastructure and/or the collapse of CWMSs. This 
collapse is foreseeable where CWMSs are banned or forced to give up ahead of 
the enforcement of the revised Water Act 2014. Hence, it is imperative for the 
Government of Kenya to include all stakeholders in the ongoing dialogue sur-
rounding the new act. These discussions shall also consider recommendations 
from The Ramsar Convention, formally known as the Convention on Wetlands of 
International Importance, which advocates for the conservation and sustainable 
utilization of wetlands, especially waterfowl habitats. By recognizing the funda-
mental ecological functions of wetlands and their economic, cultural, scientific, 
and recreational value, the new water act would empower CWMSs to enforce 
laws that mitigate adverse environmental impacts going on in the catchment.

Moreover, water security also involves the sustainability of water resources 
and services. This requires adequate investment in infrastructure development 
and technological innovation. The government and its institutional partners 
must therefore ensure cost-recovery through tariffs and taxes to provide for water 
investments and minimise dependence on donor funding. Community partici-
pation in financing the development of water and sanitation infrastructure thus 
becomes very significant in achieving the targets of the water sector reforms. Re-
searchers are particularly urged to identify innovative economic tactics to raise 
funding for agricultural water development through mechanisms such as Pay-
ment for Watershed Services (PWS) and blended financial instruments. There is 
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also a need for assessing alternative technological and environmental measures 
implementable at small catchment level by CWMSs to ensure Green Water Sa-
ving (GWS) in wider basins in the country, namely Athi, Ewaso-N’giro, Lake 
Victoria North, Lake Victoria South, Rift Valley and Tana. Enhancement of the 
capability of CWMS managers in strategic water business planning and techno-
logical innovation may be achieved through implementation of new professional 
curricula at the Kenya Water Institute (KEWI). 
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3.	Climate	Change,	Pro-Poor	Schemes	and	Water	Inequality	

Strengths	and	Weaknesses	of	Kauti	Irrigation	Water	Users’	Association,	Kenya

Cush Ngonzo Luwesi,13* Wanja Kinuthia,2 Mary N. Mutiso,3  
Rose A. Akombo,4 Dzigbodi A. Doke5, Albert Ruhakana6

Introduction	
The topographic and orographic characteristics of water catchments are key fac-
tors disadvantaging farmers living upstream in accessing water resources while 
their downstream counterparts enjoy plenty of water. Climate change is another 
threat to water availability for farming and poverty alleviation in rural areas. 
Finally, the absence of market outlets locks these farmers out of business op-
portunities.

In response to these issues, the Government of Kenya (GoK) introduced seve  
ral pro-poor schemes enabling stakeholder participation in the management of 
their water resources to ensure water equity and poverty alleviation. This chap-
ter evaluates the strengths and weaknesses of the Green Water Saving (GWS) 
schemes implemented in Muooni Catchment in Kenya. It focuses on the results 
of the Political, Economic, Social, Technological, Legal and Ecological (PES-
TLE) and Strengths, Weaknesses, Opportunities and Threats (SWOT) analyses 
of Kauti Irrigation Water Users’ Association (Kauti IWUA) and presents find-
ings based on the responses of 101 farmers and 20 key informants and a Focus 
Group Discussion (FGD). 

The results reveal that Kauti IWUA has a high potential for curbing floods 
and ensuring water equity under conditions of drought. However, its weak in-
stitutional, financial and technological capacities are major barriers to achieving 
environmental sustainability. The latter was underscored by the lack of proper 
strategic plans and a disaster preparedness system as well as the obsolescence of 
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the hydro-meteorological equipment. The findings of this evaluation can assist 
with the further implementation of the water sector reforms enshrined in the 
Kenya Constitution 2010.

Purpose	of	the	Study	
Climate change has been blamed for segregating rich and poor people in most 
rural areas in Africa, owing to its adverse effects on their livelihoods (Bates et al. 
2008). In response to these climate risks and impacts, GoK introduced several 
pro-poor schemes to enable farmer participation in the management of natural 
resources and to achieve poverty alleviation (K’akumu 2008; Luwesi and Bader 
2013). 

In assessing the strengths and weaknesses of the GWS schemes implemented 
in Muooni Catchment by Kauti IWUA, the study revealed both farmer vulnera-
bility and capability vis-à-vis water stresses in these Arid and Semi-Arid Lands 
(ASALs). The study particularly focused on the risks facing farmers as well as the 
strategies they put in place to mitigate the effects of environmental degradation 
on water availability and farming production under fluctuating rainfall regimes. 

By focusing on the strengths and weaknesses of GWS schemes, the study 
will advance existing knowledge on pro-poor schemes. This will help to enhance 
farm profitability and foster the financial and economic viability of farmers in 
both on-farm and off-farm activities.

Literature	Review
Climate Change and Water Inequality
Climate change is a great threat to environmental sustainability, economic de-
velopment and social welfare in our global society (Field et al. 2012). Several 
climate scenarios predict that unprecedented natural disasters arising from so-
cial and economic changes and environmental changes will have lasting effects 
on community livelihoods at local, regional and global scales (Hulme et al. 
2001; Pachauri 2004). Africa is especially vulnerable in as much as many rural 
communities, living with limited resources, depend on rainfed agriculture and 
livestock keeping for their livelihood (FAO 1995a). 

Moreover, the changing effect of land use/cover change on hydrology is fur-
ther exacerbated by global warming, resulting in increased mean surface tem-
peratures and unpredictable rainfall patterns (FAO 1995b; UNEP 2009). This is 
evidenced by the cycle of El Niño (flooding) and La Niña (drought) experienced 
every decade in Kenya since the 1980s (Shisanya 1990; Shisanya et al. 2011). 
This perturbation of rainfall constitutes a major constraint on agricultural de-
velopment and crop yield, with some areas being more vulnerable than others 
owing to the topographic and orographic characteristics of water catchments 
(FAO 2003; UNEP 2002; WRI 2003). These factors disadvantage many far-
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mers living upstream in terms of access to water resources while their down-
stream counterparts enjoy plentiful water (Ngonzo et al. 2010). There is thus a 
need for “business not as usual” in the management of water resources (Berntell 
2008). An Integrated Watershed Management (IWM) system is proposed to 
correct the differences in water use, water rights and accessibility that often re-
sult in “water inequality” (Cosgrove and Rijsberman 2000; Biswas 2004). Suc-
cessful conservation of water catchments requires effective management of water 
at source, its equitable allocation and its efficient use by farmers (Luwesi 2011). 

Pro-Poor Schemes in Response to Water Inequality
Besides facing “water inequality,” most farmers in the tropics have to contend 
with poor incomes, not only because of poor yields but also because of the ab-
sence of market outlets and hence of business opportunities (FAO 2003). More-
over, the market provides misleading information to economic decision-makers 
at all levels by failing to reflect the full costs of goods and services (Brown 2001). 

Effective farming resource management and decision-making should con-
sider both endogenous and exogenous factors pertaining to agricultural produc-
tion and resource allocation, use and management (Al-Salaymeh et al. 2011). 
Sound management of endogenous factors tends to maximise business strengths 
and minimise its weaknesses, while that of exogenous factors, both social and 
environmental, may present business opportunities that may lead to effective 
conservation of resources and prevent disastrous threats to their management 
(Waswa 2006; Boseman and Phatok 1989). 

Hence, in responding to climate change and its repercussions for water, GoK 
introduced several reforms to the Water Act 2002, paving the way for pro-poor 
schemes (Mogaka et al. 2006; K’akumu 2008). These were intended to enable 
farmers to participate in the planning, development, allocation, management, 
monitoring and evaluation of water resources for poverty alleviation (WRMA 
2010). Novel schemes have recently been developed based on the premise that 
there are cause-effect relationships between land use/cover changes, ecological 
functions and community welfare (Luwesi and Bader 2013). They include Pay-
ments for Watershed Services (PWS), Green Water Credits (GWC), Clean De-
velopment Mechanisms (CDM), and Reducing Emissions from Deforestation 
and forest Degradation (REDD+) (Luwesi et al. 2012; Akombo et al. 2014). 

These schemes enable community members, water services providers and 
development partners to pay for watershed services that are provided by local 
stakeholders in a well-defined and voluntary transaction. The aim is to secure 
the sustainability of the services, provided the stakeholders continue to supply 
these services (conditionality) (Wunder 2005). These schemes actually result in 
benefits that would not have been provided without payment. These payments 
in cash or kind, including governmental duties, result in invaluable environ-
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mental services provided to local stakeholder and the government (Jumbe and 
Angelsen 2011). Above all, these pro-poor schemes have been found to be effec-
tive mechanisms initiated by local stakeholders for poverty alleviation in place 
of national poverty reduction strategies (Hardner and Rice 2002). They are well 
suited to ensuring sustainable farming management in times of water stress and 
scarcity (Luwesi and Bader 2013). 

However, some scholars are sceptical about the ability of such schemes to 
generate valuable environmental services (Achard et al. 2002; Balmford et al. 
2002). One reason is that degradation continues, despite billions of dollars in-
vested in stemming the global loss of native ecosystems (Pattanayak and Kra-
mer 2001; Pattanayak and Wendland 2007). This rapid ecosystems’ degradation 
may be partly attributed by the fact that many of the environmental services 
supplied are by nature externalities (Arrow et al. 2000). Consequently, com-
munities implementing these pro-poor schemes have failed to create institutions 
that internalise the public values of intact ecosystems (Pattanayak et al. 2010). 
Finally, Shisanya et al. (2014) argue that GWS schemes are at a crossroads in 
the ASALs of Kenya because they are not financially and economically feasible, 
despite being environmentally, politically and socially innovative. This chap-
ter presents empirical results that enhance our understanding of the pro-poor 
schemes adopted in Kenyan ASALs and their strengths and weaknesses in curb-
ing climate change impacts and assuring farmers’ livelihoods. 

Methodology
Study Area 
Muooni Catchment is a small catchment area located in south-eastern Kenya, 
within Machakos County, Kathiani Division and Mitaboni Location. It is 25 
km2 large and lies between latitudes 1.24 oS and 1.28 oS, and longitudes 37.16 

oE and 37.20 oE (Figure 1). It is dry and hilly area, with altitudes of 1,434 (near 
Kathiani) to 2,005 metres (at Mutondoni) above sea level. The catchment is part 
of Upper Midland Agro-Ecological Zone 4 (UM4-AEZ), a zone of medium po-
tential and suitable for sunflowers and maize. The land is intensively cultivated, 
even the steep slopes. Yet, its climate is not suited to such cropping, conditions 
ranging from arid to semi-arid (Luwesi et al. 2011).

The El Niño Southern Oscillation (ENSO) often affects agricultural produc-
tion in terms of rainfed and irrigated agricultural yields and crop treatments 
(Jaetzold et al. 2007). That is why the short rainy season becomes either ex-
tremely wet or totally dry in the course of climate change. Mean annual rainfall 
ranges between 500 and 1,300 mm, with 66 % reliability and annual evapo-
transpiration of about 1,622 mm. Water in the catchment area is mainly sup-
plied by Muooni River and its dam, as well as by rainfall (Table 1). 

Some homesteads harvest rainwater and/or pump water directly from the 
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Source: Luwesi et al. (2012)

Table 1: Key hydrological features of Muooni Catchment

Source: Luwesi et al. (2012)

No Characteristics Values

1 Catchment area 25 km2

2 Muooni dam reservoir area 15.2 hectares

3 Annual average rainfall ~ 540 mm

4 Rainfall reliability (% Effective Rainfall) 66 %

5 Estimated evapo-transpiration ~ 1,622 mm

6 Altitude at spillway level 1614 m

7 Catchment altitude 1,434–2,005 m.

8 Average Min. temperature 12.0 °C

9 Average Max. temperature 23.0 °C

10 Average annual temperature 17.5 °C

11 Population in 2010 ~ 25,000 pers.

12 Population density in 2010 ~ 1,000 pers./km2

13 Total water demand in 2010 ~ 842 m3/day

14 Estimated water demand by 2030 ~1,800 m3/day

15 Average Muooni dam yield ~ 258.5 m3/day

16 Muooni dam specific capacity (Spillway level) ~836,000 m3/year

17 Average borehole yield ~8.64 m3/day

18 Borehole specific capacity ~451.1 m3/year

19 Average discharge during high flow 1.69 m3/ sec

Figure 1: Muooni Catchment Area
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dam for storage in plastic and underground tanks (Oduor 2003). Food is gene-
rally provided through agriculture, livestock-keeping and small-scale business-
es. No doubt, soil erosion, water stress and food insecurity are major concerns 
among Muooni Catchment farmers. Since 2009, the Water Resources Manage-
ment Authority (WRMA) has tried to address these challenges by developing 
a Catchment Management Strategy (CMS) for the Athi Basin (WRMA 2010). 
However, a Water Resource Users’ Association (WRUA) has not been estab-
lished in Muooni Catchment, although an environmental management com-
mittee overseeing Muooni Dam has, as has the Kauti IWUA. 

Research Design
This research was built on an explanatory design to develop causal explanations 
between the effect of GWS schemes on environmental services at one end and 
the effect of farming water availability on farmers’ profitability and welfare at 
the other (Krathwoh 1998). The explanatory design is useful for answering the 
“why” questions pertaining to the sustainability of pro-poor schemes in Ke-
nyan ASALs in the course of climate change (Mugenda and Mugenda 2003). 
The explanation was not restricted to fact finding about Kauti IWUA but was 
extended to other Kenyan ASALs so as to be able to generate problem-solving 
strategies for farming water disasters (Kerlinger 1986).

Sampling Strategy and Data Collection 
The selection of Muooni Catchment is mainly explained by the need to build 
scenarios of vulnerability-capability in relation to water disasters, with a focus 
on droughts and floods. A stratified random sampling strategy was used to select 
farms at Muooni Dam site. The study area was divided into two homogenous 
ecological strata to ease data collection, namely the Upper Sub-Catchment Area 
(USCA) and the Lower Sub-Catchment Area (LSCA) (Krumme 2006). The 
USCA was demarcated as the “green water provision area,” owing to its higher 
altimetry (generally greater than 1 %). The LSCA was “the green water demand 
area,” since its altimetry is normally below 1 %. The study also used the Zeiller 
(2000) random walk sampling technique to demarcate a total of 101 farms for 
survey questionnaires, 21 FGD participants and 20 key informants for in-depth 
interviews. These data enabled the development of a database in the Statistical 
Package for Social Sciences (SPSS) and MS Excel spreadsheets.

Data Analysis
Firstly, the study rated the performance of the management of Kauti IWUA to 
evaluate water service delivery against the targets set out in its strategic plans 
using an integrated PESTLE analysis and Downing (2003) Vulnerability-Ca-
pacity Assessment (VCA) (Table 2). 
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The PESTLE and VCA were based on farmers’ responses during the FGD 
and the survey as well as literary works related to the study area. Then, the study 
explored the best farming and watershed management practices and the failures 
under the GWS schemes in Muooni Catchment. SWOT analysis of these pro-
poor schemes was useful for this purpose.

Results	and	Discussion
Key Findings from the PESTLE Analysis 
The analysis estimated the contribution of the pro-poor schemes established 
by Kauti IWUA in supporting environmental sustainability and water equity 
in Muooni Catchment. Findings from the study show that Kauti IWUA per-
formed fairly well but not as expected, owing to weak institutional capacity 
development (Figure 2). 

Kauti IWUA had a weak institutional capacity (15.6 %) for achieving social 
equity, business success, economic development and environmental sustain-

Adaptive Capacity

Impacts Low High

High Vulnerable communities Development opportunities

Low Residual Risks Sustainability

Table 2: Communities’ response-capacity to climate disasters

Source: Adapted from Downing (2003)

 Source: Luwesi et al. (2012)
Note: The orange polygon shows Muooni’s capability to manage drought.

Figure 2: Capability to manage drought in Muooni Catchment  
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ability. However, its pro-poor schemes did achieve high rates of social equity 
(75.0 %), business success (75.1 %) and economic development (68.7 %) under 
conditions of drought. Its adaptive capacity was rated poor with regard to en-
suring environmental sustainability (37.5 %). One major weakness highlighted 
in the study was the fact that Kauti IWUA did not have up-to-date strategic 
plans to mitigate environmental disasters. However, its overall contribution to 
social welfare and economic development in Muooni Catchment was rated fair 
(54.4 %) under changing climatic conditions. These results were later validated 
by the SWOT analysis. 

Nonetheless, global and local climate warming will remain a serious threat 
to the management of Muooni Catchment. It will be accompanied by the risks 
of wildfire and water salination inherent in La Niña droughts (Leah et al, 2014). 
Risks of water-related conflicts could also escalate (Besada and Werner, 2015), 
along with waterborne diseases and plant, livestock and human mortality (Mc-
Michael, 2012) under conditions of severe water scarcity. 

In such circumstances, farmers will face very low returns on investment and 
water supplies. Unfortunately, they have very weak capacity to write bankable 
proposals (or afford consultancy fees) in applying for grants. Further, they are 
unable to provide collateral for borrowing money from commercial banks and 
other private institutions. This is in part attributed to the lack of government 
backing for sovereign guarantees and insufficient motivation among bankers to 
design banking products tailored to the needs of smallholder farms. Thus, far-
mers need to diversify their financing sources alongside savings, borrowing and 
grant lending. Innovative financing mechanisms for farmers may encompass 
such pro-poor schemes as microfinance, Build-Operate-Lend (BOL), Build-
Operate-Sell (BOS) or Build-Operate-Transfer (BOT), and other PPPs (Preston 
1997; Luwesi 2011).

Key Findings from the SWOT and VCA Analyses
The study was interested in strategies used by farmers to mitigate the effects of 
land degradation and water stress. The SWOT analysis mainly focused on the 
three hydro-climatic components relevant to Muooni Catchment: (i) flood se-
verity; (ii) nocturnal warming; and (iii) drought severity.

First, the analysis acknowledged farmers’ use of Soil and Water Conservation 
(SWC) measures and Early Warning Systems (EWS) (Tiffen and Mortimore 
2002). These helped to prevent and subdue high surface runoff and flash floods 
(Plate 1). 

However, some of the SWC measures were inconsistent with soil and water 
conservation owing to excessive multiple cropping, the planting of eucalyptus 
trees in wetlands and widespread open furrows, among other factors. Among 
the weaknesses stressed in this study, Muooni Catchment was lacking a proper 
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strategy for disaster mitigation, besides having weak technological capacity due 
to the obsolescence of the hydro-meteorological equipment. These weaknesses 
may have been compounded threats such as El Niño flash floods, high erosion 
and the risk of mass movements, water siltation and pollution. Weak enforce-
ment of the Water Act 2002 by public officers and the absence of a formal 
institution mandated to manage the catchment were among the sources of this 
catchment’s degradation. However, local stakeholders could have tapped the op-
portunities arising from local legislation and policies, institutions, strategies, 
plans and other disaster risk-management tools. The latter include improved 
farming technologies implemented in Kenya, training institutions and environ-
mental NGOs. 

Second, Kauti IWUA did not have strategic action plans focused on disaster 
risk reduction for the whole of Muooni Catchment. There was thus a need for 
training local staffers on disaster monitoring and prevention. The installation 
and upgrading of the existing meteorological equipment in Mitaboni and Uuni 
meteorological stations is also a pressing need. Finally, community sensitisation 
and awareness creation on climate risks and local stakeholder capacity-building 
on climate impact adaptation and mitigation need to be intensified.

Concerning the risks of nocturnal warming and drought severity, the SWOT 
analysis recognised the skills of Muooni Catchment’s farmers in increasing vege-
tation cover and humidity by using agro-forestry and reforestation, despite their 
weak agronomic abilities to protect crops under water stress. There were also 
efficient irrigation systems introduced by Kauti IWUA. These included drip irri-
gation and the use of spiral or sprinkler irrigation devices. However, the analysis 
questioned the lack of formal coordination of catchment management, incon-
sistent monitoring and coordination of water withdrawals, and the very limited 
zero-grazing practised in the catchment. 

Muooni farmers need therefore to comply with Kenyan legislation, frame-

Plate 1: Soil erosion and soil conservation measures around Muooni Dam
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works and policies, institutions and strategies, plans and other tools for the 
management of natural resources at catchment level. These include the 1999 
Environmental Management Coordination Act (EMCA), the Water Act 2002 
and related policies and strategies. With the advice of agricultural extension 
officers, implementation of these legal provisions may enhance protection of 
forests and other public lands, and increase crop protection against water stress. 
This would enable carbon trading on the international market for implementa-
tion of pro-poor schemes. 

The following strategic actions are recommended for the new catchment 
management authority: (1) to regulate, measure and charge all water uses at 
their abstraction or effluent discharge points; (2) to promote agronomic tech-
nologies such as greenhouses, crop selection, drought resistant plants, etc.; (3) to 
promote alternative farming schemes in the form of trusts and cooperatives for 
production, savings and credits; (4) to train farmers in PPPs, proposal writing 
and business literacy; (5) to train farmers in marketing strategies to enable them 
to explore new markets and PPP financing options and increase their invest-
ments in farming and/or in off-farm sectors. 

By seizing these opportunities, farmers may be able to blend different types 
of financing with joint ventures for implementing GWS schemes. If some farm-
ers feel they have reached a point of no-return, they may have recourse to avail-
able off-farm activities in the catchment. 

Table 3 summarizes the results of these findings. Table 4 provides a key for 
the interpretation of the SWOT matrix.

Discussion of Key Findings
There is no doubt that farmers are more vulnerable to drought than flooding 
in Eastern Kenya. This can be attributed to the high risk of changing hydro-
climatic conditions triggered by ill-planned land-use activities and subsequent 
environmental changes (Heurtefeux et al. 2011). The latter are linked to global 
warming and rising sea surface temperatures, ocean currents and atmospheric 
winds in the southern hemisphere commonly known as El Niño (flood) and La 
Niña (drought) (Jaetzold et al. 2007; McGray et al. 2007). These factors impact 
farmland productivity and sedimentation of water channels (Terer 2004). How-
ever, since individual farmer’s capability will guide their future adaptation to 
water disasters, instead of their resource endowments. Unfortunately, they badly 
lack such capacities as well as community integration, which are key for pre-
paredness for future disasters in Muooni Catchment (Pelling 2004; Berg 2007; 
Mukheibir 2008). This includes the ability of local stakeholders to initiate PPPs 
and build strong institutions to ensure that water is available to all equitably in 
normal times as well as in situations of stress (Miller et al. 1997; Adgar 2000; 
Agrawal and Perrin 2008). 
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Table 3: Consolidated SWOT Analysis for interventions in Muooni

Source: Luwesi et al. (2012)

Climate Factor Strengths Weaknesses Opportunities Threats Strategic Actions

Flood Severity S1 ,S2, S3 W1, W2, W3 O1, O2, O3 T1, T2, 
T3, T4

Kauti IWUA to design a strategic action plan 
for disaster mitigation in Muooni Catchment
Train its staff in disaster monitoring and 
prevention
Install new hydro-meteorological stations/ 
upgrade existing equipment
Intensify sensitisation meetings and 
awareness-creation campaigns on climate 
change and water conservation

Nocturnal 
Warming

S1, S2, S3, 
S4, S5, S6

W1, W3, W4, 
W5, W6, W7, 

W8

O1, O2, O3, O4, 
O5, O6 O7

T1, T2, T3, 
T4, T5, T6, 
T7, T8, T9

Intensify sensitisation on the use of 
effective agronomic technologies for soil/
water conservation (i.e., mulching, tillage, 
greenhouses, crop selection, drought resistant 
plants, etc.)
Kauti IWUA to introduce in situ 
demonstrations to upgrade farmers’ 
knowledge
Promote the use of zero-grazing
WRMA Office in Machakos to initiate public 
consultations for the creation of a WRUA that 
will coordinate overall catchment management
WRMA to map all water resources and 
demarcate them, from protected forests and 
other public lands as well as settlements
WRUA to implement participatory approaches 
for water resource allocation and management 
by involving all relevant institutions
WRUA to create awareness of the water 
sector reforms

Drought 
Severity

S1, S2, S3, 
S4, S5, S6, 
S7, S8, S9, 

S10, S11

W1, W3, W4, 
W5, W6, W7, 
W8, W9, W10, 
W11, W12, W13

O1, O2, O3, O4, 
O6, O7, O8, O9, 

010, O11

T1, T2, T3, 
T4, T5, T6, 
T7, T8, T9, 
T10, T11, 

T12

The new WRUA to regulate, measure and 
charge all water users at their abstraction 
points or effluent discharge points by setting 
meters and tariffs
Train farmers on PPPs and proposal writing. 
Promote alternative farming schemes in the 
form of production, savings and credit trusts 
and cooperatives
Farmers to explore new markets and Public 
Private Partnership financing options (grants, 
lending, microfinance, BOL, BOS, BOT)
Promote agronomic technologies such as 
greenhouses, crop selection, drought-resistant 
plants, etc.
Increase investments  in off-farm sectors
Train farmers in business literacy
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Climate factors SWOT Labels S, W, O and T Assessed

Flood Severity Strengths S1: Terraces, contours and runoff cutouts to mitigate storm intensity/soil erosion 
S2: Existing hydro-meteorological stations in Mitaboni and Uuni
S3: Use of early warning systems for disaster prevention

Weaknesses W1: No formal strategy and plan for mitigating disaster at catchment level 
W2: Weak technological capacity/obsolescent hydro-meteorological equipment
W3: Inconsistent farming methods with soil and water conservation (i.e., excessive 
multiple cropping, planting eucalyptus in wetlands, multiple open furrows, etc.)

Opportunities O1: Disaster management legislation and policies, institutions, strategies, plans and 
tools for implementation
O2: Improved agro-technologies
O3: Existing training institution and NGOs

Threats T1: El Niño flood destruction
T2: High risk of soil erosion and mass movements
T3: Water siltation and pollution
T4: Weak public officer enforcement capability

Nocturnal 
Warming

Strengths S4: Agro-forestry and reforestation to increase vegetation cover and humidity
S5: Existing efficient irrigation systems like drip, sprinkler and spiral irrigation
S6: Existing Kauti irrigation scheme water users’ association (Kauti IWUA)

Weaknesses W4: Weak agronomic abilities
W5: Inefficient crop protection under water stress
W6: Limited use of zero-grazing
W7: Lack of a formal water institutions to coordinate catchment management
W8: Lack of consistent monitoring and coordination of water withdrawal points

Opportunities O4: Existing legal provisions for the protection of forests and other public lands
O5: Existing agricultural extension services
O6: Possibility of trading carbon on the international market
O7: Existing national legislation, frameworks and policies, institutions, strategies, 
plans and tools for implementation at the catchment level

Threats T5: Catchment warming 
T6: Risk of wildfire emergencies and water salination
T7: La Niña droughts
T8: High risk of escalation of water-related conflicts
T9: High risk of waterborne diseases
T10: High mortality risk for plants, livestock and humans due to water scarcity

Drought  
Severity

Strengths S7: Efficient hydropolicies (rainwater harvesting and storage in tanks and dams)
S8: Existing water dam at Isyukoni
S9: Existing water treatment plant in Kathiani
S10: Use of mulching and tillage
S11: Use of zero-grazing, organic and mineral fertilisers to enrich the soil

Weaknesses W9: Lack of measuring devices for charging water abstractions and charging
W10: Lack of motivation to initiate Public Private Partnership (PPP) schemes
W11: Weak capacity to write proposals, afford consultancy fees and collaterals
W12: Limited use of crop/plant selection and greenhouses to adapt to drought
W13: Low returns on investments in farming and water supply

Opportunities O8: Availability of governmental support and development partnersfunding for 
developing technical skills and improving the balance sheet
O9: Existing banking loans and private investors’ joint ventures
O10: Availability of rentable off-farm activities
O11: Existing facilities and basic infrastructure for implementing GWS schemes

Threats T11: Lack of motivation from bankers to offer banking products tailored to smallholder 
farmers
T12: Lack of government backing and sovereign guarantees allowing farmers access to 
diversified sources of funding.  

Table 4: Key to the consolidated SWOT matrix 1

Source: Luwesi et al. (2012)
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Conclusion	and	Recommendations
This study has built a case based on the assumption that proper planning skills 
and the capacity to convert management tools into results are some of the abili-
ties pro-poor schemes should consider to enable future adaptation by farmers 
to water disasters. Farmers living in Muooni Catchment and Kauti area in par-
ticular have a high potential to curb floods but greater vulnerability in control-
ling drought. Kauti IWUA has introduced innovative and efficient pro-poor 
schemes that perform fairly well. The analysis, however, questioned the lack 
of formal coordination of catchment management, which is a major cause of 
farmer vulnerability to water stress and scarcity. This was mainly evident in the 
lack of a proper strategy for disaster reduction and weak technological capacity, 
basically due to the obsolescence of the hydro-meteorological equipment as well 
as a weak financial capacity.

This study recommends that Kauti IWUA develops strategies focused on 
farmers’ capability to manage water resources effectively and distribute them 
equitably to all. This will determine their future adaptation to droughts and/or 
floods. Though the continuous use of SWC measures and EWS remains an as-
set for preventing and mitigating high surface runoff and flash floods, farming 
practices inconsistent with soil and water conservation need to be discouraged. 
In that vein, crops and trees that support water infiltration and pollinator di-
versity can assist farmers in achieving food security and wood fuel sufficiency 
while sustaining water in the catchment. This would also enable farmers to take 
advantage of carbon trading on the international market to foster green water 
saving. These findings may shed light on further implementation of the water 
sector reforms in Muooni in line with the Kenya Constitution 2010.

Key	Policies	and	Research	Implications
Kauti IWUA needs to develop strategies that will unleash farmers’ capability 
to manage water resources effectively and distribute them equitably to all. This 
study has built a response-capability case and found that pro-poor schemes need 
proper planning skills and the capacity to convert management tools into results. 
For sustainability, government policies need to focus on building watershed 
management institutions that enhance farmers’ adaptability to water disasters. 
Farmers living in Muooni Catchment in general and Kauti area in particular 
ought to sharpen their adaptive capacities and skills in curbing drought impacts. 
For that reason, scientific research will have positive feedback on policy-making 
if innovative and efficient pro-poor schemes that perform fairly well are intro-
duced in Muooni Catchment, Kauti area in particular. Such schemes will enable 
not only formal coordination of catchment management but also address the 
root causes of farmers’ vulnerability to water stress and scarcity. 

The GoK also needs to design proper strategic policies that focus on drought 
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Disaster Risk Reduction (DRR) based on technological innovation, meteoro-
logical information and sustained financial capacity. It should basically tackle 
the issue of the obsolescence of hydro-meteorological equipment, Early Warning 
Systems (EWS) as well as the weak financial capacity of most farmer organi-
sations. Researchers ought to find how to blend microfinance with successful 
GWS schemes to enable smallholders to be eligible for borrowing and other 
banking facilities. Extension organisations and other social public services run 
by government as well as group formations, development organisations and pri-
vate enterprises will need to get involved in the whole process in order to build 
farmers’ capacity to increase GWS schemes’ financial viability and efficiency 
through effective PPPs. Finally, the development of participatory approaches to 
planning, allocation, monitoring and evaluation of all resources in the catch-
ment and irrigation in particular should be a priority in achieving water equity 
in farming in Muooni Catchment and Kauti area.
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4.	Competitive	Farming	Strategies	and	their	Effect	on	Water	Provision	and		
Profitability	among	Smallholder	Farms

The	Case	of	Muooni	Dam	Site,	Kenya

Peter Philip Wambua,4 Cush Ngonzo Luwesi,5* Essam O. Bader,6  
Dzigbodi A. Doke4 Rose A. Akombo,5 Jean-Filston  Mikwa6

Introduction
Agriculture is acknowledged as the oldest and most important feature of human 
activities, as well as the backbone of civilisations and economic development. 
It marks as well the transition between the primitive tribe and the industrial 
society (Ellis 1993). However, just like most tenuous production and survival 
systems, agricultural production has been frustrated and perturbed by extreme 
climatic events leading to farming water vulnerability (Mikwa et al. 2014). Cli-
mate change and the unsustainable use of water in marginal and dry lands of the 
tropics are said to be the major sources of agriculture inefficiency in sub-Saharan 
Africa (Rockström et al. 2009). The ever-shrinking water endowment under 
changing climate in Kenyan Arid and Semi-Arid Lands (ASALs) has forced 
farmers to adopt various strategies to survive (Rockström 2003). As a matter 
of fact, Luwesi (2010) demonstrated that a majority among Kenyan farmers 
operating in the ASALs have adopted a multiple cropping strategy, which un-
fortunately does not help them, owing to the increasing water cost under short-
age. Thence, this strategy results into plummeting total cost of their farming 
activities leading to high farming annual deficits. There is therefore a need to 
investigate the reason why such farming strategies lead to inefficiency and un-
profitability in the rainfed agriculture and the provision of irrigation water.
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Purpose	of	the	Study
This study sought to examine some competitive strategies used by farmers to 
secure higher earnings and good incomes while facing the threat of unpredicted 
drought. The study also investigated the effects of these farming strategies on 
farming water supplies and profitability. By applying optimisation inventory 
models the study could sense farmers’ water provision from the adjustment of 
crop water requirements and relate them to farming water use efficiency under 
fluctuating rainfall regimes (Luwesi et al. 2013). In this case, the analysis had 
to consider the limits of farming water costs and optimum crop water require-
ments under fluctuating rainfall regimes and link them to specific marketing 
strategies, including differentiation and diversification at different magnitudes 
and under unexpected flood and drought events. 

This business oriented approach enabled a performance evaluation of the 
farming water use and agricultural production within the limits of the opti-
mum crop water requirements and costs. It indeed informed on the rationale 
of far mers’ water-use strategies and appropriateness of alternative technologies 
that can be used to foster a locative, technological and scale efficiencies (Luwesi  
et al. 2012). Finally, by elaborating on concepts of marketing strategy and agri-
cultural profitability, this chapter presents empirical results that contribute to 
our understanding of new competitive farming strategies and agronomic prac-
tices with corresponding market requirements in the course of climate change 
(Wind and Robertson 1983). 

Review	of	the	Field
Competitive Strategies
Cateora and Graham (1999) distinguish two elements that affect marketing 
strategy and profitability in any type of environment. These include (1) control-
lable factors, namely McCarthy’s “4Ps” (Product, Price, Place and Promotion) 
on one hand; and (2) uncontrollable factors such as macroeconomics, market 
competition, politics, laws, consumer loyalty and behavioural change, and tech-
nological and environmental changes, including climate change (Baker and 
Start 1992). While marketing strategies mostly focus on controllable factors, 
the analysis of profitability often takes into account the full cost of the effects of 
uncontrollable factors (Reichheld and Teal 1996).

In McCarthy’s marketing-mix, “P = Price” generally stands for a fair charge 
or fee that is competitive in the market and enables full cost recovery (Wind and 
Robertson 1983). “P = Product” is primarily related to the quality and quantity 
of goods and services. Quality refers to the contents, brands and product/service 
lines in relation to acceptable standards, while quantity represents the key ele-
ments stored in the goods produced or capacities devoted to supplying services 
(Cochoy 1998; Lusch et al. 2007). In delivering quality services, Zeithaml et al. 
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(1990) suggest that marketers take into account customers’ perceptions and ex-
pectations, needs, practices, habits, beliefs, attitudes and values. These attributes 
condition customers’ preferences by displaying ideas, brands or labels that are 
appealing and may represent the benefits accruing from consumption of the said 
products (Ghazali et al. 2008; Martinsen 2008). That is where “P = Place” be-
comes a key marketing variable for mainstreaming the administrative distribu-
tion of goods and services in various market segments. This involves the organi-
sation of service providers (suppliers) and users (clients) into specific physical 
and social networks for easy communication and supply of goods and services 
to the market (Harris and Ogbonna 2003). Thus, “P = Place” is a prerequisite 
for “P = Promotion,” which entails public relations, promotional activities and 
publicity. These techniques play a key role in the creation and re-creation of the 
product image in the market (Webster 2002). Companies are therefore called to 
effectively use communication methods to sustain the adoption of their goods 
and services by customers (Doyle 1992).

In their research and experience with customers, Breene and Nunes (2005) 
distinguished high performers from their competitors based on their consist-
ency in constructing and maintaining a certain competitive essence. Milles 
and Snow (1978), however, associated successful marketing with organisational 
performance, which was based on adaptive strategies chosen by the manage-
ment to respond to the environment. The latter were consistent with a par-
ticular configuration of technology, structure and processes that enabled firms 
to achieve competitive advantage. Hence, some firms were categorised as “De-
fenders” while others were “Analysers,” “Reactors” or “Prospectors.” In the same 
vein, Porter (1998) presents a typology of generic marketing strategies that seek 
long-term competitive advantage. These encompass: (1) low cost leadership; (2) 
differentiation strategy; and (3) a market focus strategy. A firm that engages in 
each generic strategy but fails to achieve any of them is “stuck in the middle.” 
Thus, a low cost leading firm’s ability to outperform its competitors depends on 
its ability to (1) seize opportunities arising from market trends; (2) capture and 
protect “unfair share” of markets; (3) capture premium pricing; and to (4) pru-
dently create and introduce new products (Ansoff and McDonnell 1990; Don-
nelly 1992). Therefore, a low cost leader must have optimal production costs, 
low prices and high margins. 

Businesses capitalise on differentiation strategies to achieve economies of 
scale in order to generate more incomes and help “push the frontier” of innova-
tion through the use of technology and testing of innovative delivery channels 
or product diversification (McGill 2006). Convenience retailing and product 
diversification are some of the differentiation strategies that have been success-
fully and widely practised in agribusiness, as well as in the sale of most electronic 
products and provisional services (CGAP 2010). It is thus common among firms 
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to make products with similar prices but often of different quality, depending 
on consumer preferences and the way they are likely to perceive differences in 
quality among companies (Wambua et al. 2014). Hence, product diversification 
encompasses both the production of supplementary and complementary sub-
products utilising innovative technologies. Convenience retailing requires an 
innovative delivery channel to present the product to consumers at the most ac-
cessible locations, notably along main roads and at intersections. Finally, Pearce 
and Robinson (2007) noted that in pursuing a focused marketing strategy, firms 
with a narrow focus had lower volumes and thus less bargaining power with 
their suppliers.

Farming Profitability
Luwesi (2010) evaluated farming profitability in Muooni Catchment of Athi 
River (Kenya) using a full cost method. The study assessed how climate change 
affects agricultural water productivity and farming profitability under fluctu-
ating rainfall regimes. Results indicate increased costs associated with water 
shortages during droughts, and the opportunity cost of saving excess water that 
is lost during flooding in addition to normal costs of transaction and associ-
ated opportunity costs in irrigation. Likewise, in a worldwide compendium of 
case studies dealing with environmental valuation, Reitbergen-McCracken and 
Abaza (2000) reported an evaluation of the profitability of forest plantations in 
the Philippines that used a replacement-cost approach. The study computed the 
costs of soil fertility removal, agricultural loss of earnings and irrigation system 
inefficacy due to soil erosion and the siltation of the dam reservoir. An opportu-
nity cost of constructing a large non-productive sediment pool was added to the 
total cost to prevent the adverse effects of sedimentation. These studies recom-
mended that farmers living in harsh climatic environments like Muooni should 
constantly review their cropping strategies in line with market dynamics, with-
out disregarding their environmental costs. This will help them keeping their 
productive cost within their minimum efficiency scales (MES) or limit average 
costs (LAC) and sustain their competitive advantage and farming profitability 
under the Production Possibility Frontiers (PPF) (Brownlie et al. 1999).

Methodology
Study Area, Sampling Strategy and Data Collection
A survey was conducted among 101 farmers located at a radius of 100 metres 
around Muooni Dam. Muooni Dam is an overflow gravity dam located in a 
narrow part of the deep valley of the Muooni River at Isyukoni sub-location 
of Mitaboni location and Kathiani Division, Machakos County, Kenya. The 
whole catchment covers about 25 km2, which is bounded by latitude 1.24o S 
and 1.28o S, and longitude 37.16o E and 37.20o E. Water in this catchment is 
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mainly supplied by the Muooni Water Project, which totally relies on Muooni 
Dam (Luwesi et al. 2012).

A stratified random sampling was used to select farms at Muooni dam site. 
The study area was divided into two zones for easy data collection (Figure 1). 

In Figure 1, Zone 1 is denoted “ISZ”(Immediate Silting Zone)of Muooni 
Dam due to its higher altimetry (greater than 1 %) while Zone 2 is referred to 
as “GSZ,” “Gradual Silting Zone” because of its lower altimetry (less than 1 
%). An on-farm survey was conducted within the ISZ at a radius of 100 metres 
around Muooni Dam and above to collect 101 questionnaire responses from 
farmers (Luwesi 2010). Likewise, a Focus Group Discussion (FGD) and 20 in-
depth interviews took place at the GSZ to get supplementary data for the study.

It should be noted that the two hydro-ecological zones (ISZ and GSZ) were 
situated within one agro-ecological zone, namely the Upper Midland Agro-Eco-
logical Zone 4 (UM4-AEZ), which is a medium potential zone suitable for sun-
flower and maize cropping (Jaetzold et al. 2007). This saved time and energy, 
as researchers avoided complications due to a wide range of farming practices in 
the computation of crop water requirements, farmers’ water provision and the 
subsequent costs. An assumption was made that the prices of inputs and outputs 
did not vary significantly within the same AEZ.

Research Design
This research was built on an explanatory design to develop causal explana-
tions between farmers’ cropping patterns and crop evapotranspiration on one 
hand, and farming water supply and agricultural profitability on the other 

Source: Luwesi (2010)
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(Krathwoh 1998; Cooper and Schindler 2001). This explanation was not only 
restricted to fact finding at Muooni dam site. It also included the application 
of important competitive marketing principles and strategies to formulate ad 
hoc knowledge and solutions to significant problems facing Kenyan ASALs 
(Kerlinger 1986). Thus, it was also useful for answering the “why” questions 
pertaining to current farming water productivity and farming activity sus-
tainability in Kenyan ASALs in the course of climate change (Mugenda and 
Mugenda 2003).
 
Data Analysis
Data Pre-Processing: Data collected were first cleaned and presented in a format 
acceptable for processing using the Statistical Package for Social Sciences (SPSS) 
and MS Excel spreadsheets. This enabled the development of a database in SPSS 
and MS Excel that generated some 101 cases times 190 variables (from the 101 
questionnaire responses), 840 cross-sectional data sets by 14 variables (from the 
20 key informants interviewed) and 294 cross-sectional data sets by 14 variables 
(from the 21 FGD participants).

Techniques of Data Processing: Data analysis was supported by optimisation 
inventory models applied by Luwesi et al. (2013). These models enabled adjust-
ment of crop water requirements in each farm under fluctuating rainfall regimes 
in Muooni Catchment. The study first derived crop water requirements (Wc) 
from “Virtual water values” (VWV) as follows: 

      (Formula 1)

Where,

ETPc equals the total crop water evapotranspiration (in m3) during crop growth 
computed from FAO (2008) reference crop evapotranspiration (ETm), in kg/m3, 
as follows: 

     (Formula 2)

Where,

Yc  is the total crop yield (in kg)

An incremental analysis was then conducted to derive farmers’ water supply that 
meets crop water requirements using a theoretical water supply turnover (r). The 
latter was hypothesised to be equal to the ratio of the dam’s active water storage 
capacity for a specific year by the median capacity (sme), namely for 1988 (under 
flooding scenario or ANOR), 2008 (under a normal rainfall regime scenario or 
NOR) and 2020 (under a drought scenario or BNOR). Farmers’ water supplies 
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An	  incremental	  analysis	  was	  then	  conducted	  to	  derive	  farmers’	  water	  supply	  that	  meets	  crop	  water	  
requirements	  using	  a	  theoretical	  water	  supply	  turnover	  (r).	  The	  latter	  was	  hypothesised	  to	  be	  equal	  
to	   the	   ratio	   of	   the	   dam’s	   active	   water	   storage	   capacity	   for	   a	   specific	   year	   by	   the	   median	   capacity	  
(sme),	   namely	   for	   1988	   (under	   flooding	   scenario	   or	   ANOR),	   2008	   (under	   a	   normal	   rainfall	   regime	  
scenario	  or	  NOR)	  and	  2020	  (under	  a	  drought	  scenario	  or	  BNOR).	  Farmers’	  water	  supplies	  under	  each	  
rainfall	   regime	   were	   computed	   as	   EOQ	   (Economic	   Order	   Quantity)	   for	   ANOR,	   LAC	   (Limit	   Average	  
Cost)	   for	   NOR	   and	   MES	   (Minimum	   Efficient	   Scale)	   for	   BNOR	   using	   the	   following	   optimised	   water	  

supply	  model	  (
−
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−

fW =	  
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Where,	  
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under each rainfall regime were computed as EOQ (Economic Order Quantity) 
for ANOR, LAC (Limit Average Cost) for NOR and MES (Minimum Efficient 
Scale) for BNOR using the following optimised water supply model (      ):

(Formula 3)

Where,

  an optimised water supply turnover with the following values:

Under the NOR scenario:

     (Formula 4)

Under ANOR scenario:

     (Formula 5)

Under BNOR scenario:

      (Formula 6)

Where,

Q and q are farming activity’s output and input, respectively standardised using 
the relations: 

Y = P.Wc/n.Q (Formula 7)

E= P.Wc/n.q (Formula 8)

Where,

Y =the seasonal farming income

E = the seasonal farming expenditure

P= the shadow water price per m3

This analysis enabled us to compute optimised crop water requirements that 
farmers needed to apply to keep their farming production within the limits of 
their irrigation water-use efficiency. It also elicited the effects of climate change 
on farmers’ competitive strategies, which in turn affected their irrigation water 
provision and farming profitability. 
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(sme),	   namely	   for	   1988	   (under	   flooding	   scenario	   or	   ANOR),	   2008	   (under	   a	   normal	   rainfall	   regime	  
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rainfall	   regime	   were	   computed	   as	   EOQ	   (Economic	   Order	   Quantity)	   for	   ANOR,	   LAC	   (Limit	   Average	  
Cost)	   for	   NOR	   and	   MES	   (Minimum	   Efficient	   Scale)	   for	   BNOR	   using	   the	   following	   optimised	   water	  
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−

fW ):	  

−

fW =	  
−

rWc	   	   	   	   	   	   (Formula	  3)	  
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−
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Where,	  

Q	  and	  q	  are	  farming	  activity’s	  output	  and	  input,	  respectively	  standardised	  using	  the	  relations:	  	  

Y	  =	  P.Wc/n.Q	   	   	   	   	   	   (Formula	  7)	  
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Where,	  

Y	  =the	  seasonal	  farming	  income	  

E	  =	  the	  seasonal	  farming	  expenditure	  

P=	  the	  shadow	  water	  price	  per	  m3	  

This	   analysis	   enabled	   us	   to	   compute	   optimised	   crop	   water	   requirements	   that	   farmers	   needed	   to	  
apply	  to	  keep	  their	  farming	  production	  within	  the	  limits	  of	  their	  irrigation	  water-‐use	  efficiency.	  It	  also	  
elicited	  the	  effects	  of	  climate	  change	  on	  farmers’	  competitive	  strategies,	  which	  in	  turn	  affected	  their	  
irrigation	  water	  provision	  and	  farming	  profitability.	  	  

RESULTS	  AND	  DISCUSSION	  

Key	  Findings	  	  
Results	  show	  that	  Muooni	   farmers	  used	   inefficient	  competitive	  strategies	  that	  did	  not	  consider	  the	  
limits	  of	  their	   farming	  water	  costs	  and	  optimum	  crop	  water	  requirements	  under	  fluctuating	  rainfall	  
regimes.	   Product	   diversification	   was	   probably	   the	   most	   important	   competitive	   strategy	   used	   by	  
farmers	  at	  different	  magnitudes.	  Farmers	  have	  adopted	  multiple	  cropping	  of	  about	  nine	  (9)	  seasonal	  
crops	  and	  six	  (6)	  perennial	  crops	  on	  parcels	  as	  small	  as	  one	  (1)	  acre.	  

Figure	   2	   reveals	   that	  most	   farmers	   had	   a	   high	  preference	   for	  maize	   and	   cowpeas,	  mainly	   because	  
they	  are	  ingredients	  of	  the	  traditional	  meal	  known	  as	  Muthokoi,	  and	  have	  a	  large	  share	  in	  the	  local	  
market.	  Cassava,	  French	  beans,	   Irish	  and	  sweet	  potatoes	  were	  also	   important	   food	  crops	  grown	  at	  
Muooni	  dam	  site.	  However,	  the	  main	  perennial	  crops	  grown	  in	  the	  study	  area	  were	  banana,	  avocado,	  
coffee,	  mangoes	  and	  sugarcane	  (Figure	  3).	  
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Results	and	Discussion
Key Findings 
Results show that Muooni farmers used inefficient competitive strategies that 
did not consider the limits of their farming water costs and optimum crop wa-
ter requirements under fluctuating rainfall regimes. Product diversification was 
probably the most important competitive strategy used by farmers at different 
magnitudes. Farmers have adopted multiple cropping of about nine (9) seasonal 
crops and six (6) perennial crops on parcels as small as one (1) acre.

Figure 2 reveals that most farmers had a high preference for maize and 
cowpeas, mainly because they are ingredients of the traditional meal known 
as Muthokoi, and have a large share in the local market. Cassava, French beans, 
Irish and sweet potatoes were also important food crops grown at Muooni dam 
site. However, the main perennial crops grown in the study area were banana, 
avocado, coffee, mangoes and sugarcane (Figure 3).

Product diversification was prompted by the escalation of crop failures un-
der unexpected drought conditions, which resulted in higher water demands 
and lower supplies. Market segmentation, convenience retailing and low cost-
leadership competitive strategies were inappropriate in these ASALs of Kenya. 

Figure 2: Subsistence food crops grown at Muooni dam site

Source: Luwesi (2010)
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Table 1 displays high discrepancies between farming water supplies and crop 
water requirements in 2010 in Muooni Catchment. Farming water in Muooni 
represented only 3 % of annual crop water requirements in 2010. This was an 
indicator of the vulnerability to low rainfall and droughts in the absence of a 
GWS scheme.

This overcropping strategy led to increased farming water-shortage costs and 
decreasing farming water productivity with plummeting total farming costs and 
deficits (Figure 4). 

Figure 4 presents increasing farming water demands vis-à-vis decreasing wa-
ter supplies and related productivity in Muooni catchment area in 2010 and the 
projected year 2030 under different rainfall scenarios. Luwesi (2010) reported 

Figure 3: Main perennial crops grown at Muooni dam site

Source: Luwesi (2010)

Table 1: Farmers’ water provision and crop water requirements in Muooni (2010)

Source: Luwesi et al. (2012) 

Variable Value

Annual farmers’ water provision (m3)                 (1) 709.35

Annual crop water requirement (m3)                   (2) 23,404.14

Gap (m3)                                                 (3)=(2)–(1) 22,694.79

Percentage Gap (%)                      (4)=100*(3)/(2) 96.97%
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that on average, Muooni farmers recorded annual deficits of US$ 529.94 for a 
total income of US$ 640.99 in the year 2010. The economic viability of these 
smallholder farms was threatened by higher average water costs of US$ 217.78 
(representing 31 cents/m3) with water over-abstraction of about 231.73 m3 /acre. 
Even though the analysis lauded Muooni farmers for their efficient hydro-poli-
cies such as Rain Water Harvesting and Storage (RWHS) and water treatment, 
it did not condone them for not using appropriate bylaws and tariffs to regulate 
water abstraction and use, along with technological devices (meters) to measure 
water abstractions and charge for them accordingly.

Discussion of Key Findings
Competitive farming strategies in the ASALs of Kenya are informed by the 
agro-ecology of the area in terms of both rainfed and irrigated agriculture and 
crop treatment. This chapter has shown that most farmers practise irrigation for 
commercial and/or subsistence agriculture using Muooni dam water. Yet the 
catchment area receives less than 1,000 mm of mean annual rainfall. Conse-
quently, Muooni catchment is not likely favourable for intensive irrigation and 
rainfed agriculture. However, subsistence farmers do not hesitate to grow, on a 
small acre, maize mixed with French beans, potatoes and banana; or sorghum 
with cowpeas, sweet potatoes, arrow roots and pumpkins; or else millet with 
cassava, yams, and sugarcane. Commercial farmers stick to coffee or tea associ-
ated with horticulture and some agro-forestry, especially eucalyptus, pine and 
grevilia species. 

Figure 4: Farming water supply and productivity in Muooni under fluctuating regimes

Source: Luwesi et al. (2012) 
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Regarding crop treatments, Waswa (2006) noted that in tropical rural agro-
systems food insecurity, poverty and land degradation are closely interrelated. 
No wonder that staple maize crop yields were extremely low in Machakos and 
Makueni Districts due to poor farming and unfavourable climate. Both low 
fertility soils and climate change make smallholder agriculture a risky enterprise 
in much of the two districts. There is an urgent need for farmers to increase 
micronutrients in these deficient soils to address the soil infertility and food 
shortages in this area. 

When it comes to the area’s climatology, Jaetzold et al. (2007) observed that 
agricultural water and land-use in Eastern Kenya is always affected by the El 
Niño Southern Oscillation (ENSO). Short rainy seasons are either extremely 
wet or totally dry, leading either to high soil moisture and cool climates on 
the top of hills, and drylands on plains and plateaus. Hence, hilltops become 
favourable for cropping wheat, maize and pyrethrum, but these crops tend to 
fail due to the shortness of the rainy season and small size of farming areas. 
Farming incomes there are supplemented by the growing of potatoes, coffee (in 
altitudes ranging from 1,650 to 1,800 m), early maturing sorghum and foxtail 
millet, and “marginal crops” (like Tepary beans and Tohono Z16 maize), most 
of the time associated with livestock farming. However, these activities have re-
sulted in excessive water abstraction from the dam and its river as well as erosive 
processes and mass movement across the catchment. Notwithstanding the fact 
that a majority among farmers practise soil conservation measures, soil erosion 
around Muooni dam site is nonetheless said to be the primary cause of siltation 
of the dam reservoir (Luwesi et al. 2011; Ngonzo et al. 2013). The ultimate ef-
fect of soil loss from farms is reduced farming land and water productivity, and 
increased farming deficits, food shortage and desertification.

Conclusion	and	Recommendations
Competitive farming strategies are context-based, in line with market dynam-
ics and environmental changes. Farmers operating around Muooni dam site 
were misusing product diversification to adjust their irrigation water provision 
to increased water prices without taking into consideration the available water 
resource. Hence, they recorded very low farming water productivity and high 
agricultural deficits owing to their misinterpretation of agro-ecological prac-
tices, both in terms of crop treatment and crop water requirements. The lower 
farming water productivity and higher agricultural deficits were exacerbated by 
high rates of fertile soil loss associated with farmland sub-division, over-crop-
ping, eucalyptus tree planting and soil erosion problems that enhanced water 
stress in the catchment and the total cost of farming water. Farmers were thus 
obliged to adjust their irrigation water provision to increased water prices and 
higher perennial crop water requirements without taking into consideration the 
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depleting water resources (rainfall). The widening gap between soil moisture 
and crop water requirements led to massive crop failures, lower farming water 
productivity and higher agricultural deficits in the course of climate change.

Muooni farmers need to constantly review their competitive farming strate-
gies in line with market dynamics, without disregarding the environment in 
which they operate, if their competitive advantage is to be sustained within 
their farming Production Possibility Frontiers (PPF). Efficient farming strategies 
should be implemented within the limits of water costs and optimum crop water 
requirements under any rainfall regime. Farmers may opt for either an EOQ, 
or for a farming water supply adapted to the LAC or at least a Minimum Effi-
cient Scale. This may enable farmers operating in ASALs in general, and at Mu-
ooni dam site in particular, to implement rational farming water-use strategies 
and appropriate alternative technologies to foster total agricultural economic 
efficiency. They should also adopt efficient hydro-policies, appropriate bylaws, 
tariffs and technologies to regulate water abstraction and use, measure water 
withdrawals at source and charge for them accordingly, if allocative technologi-
cal and scale efficiencies are to be fostered within their farming PPF. 

Key	Policies	and	Research	Implications
Competitive farming strategies are context-based, in line with the environmen-
tal changes and market dynamics. Findings arising from this study reveal that 
farmers’ misinterpretation of agro-ecological practices and misuse of product di-
versification led to soil erosion problems and enhanced water stress. These were 
associated with farmland sub-divisions, over-cropping and water over-abstrac-
tion by eucalyptus trees. Therefore, GoK needs to create an environment that is 
conducive to equitable water distribution. It should also raise farmer awareness 
of environmental changes by providing critical information to agricultural ex-
tension officers, teachers and other supportive institutions. Researchers need to 
come up with innovative information on agro-ecological practices, water-saving 
technologies and strategies for water adaptation to climate change. This should 
be disseminated to ensure effective water resource management and equitable 
sharing among farmers to foster conflict resolution in times of water crisis.

Secondly, efficient farming strategies should be implemented within the li-
mits of farming water costs and optimum crop water requirements under any 
rainfall regime to foster agricultural water productivity and profitability within 
farming PPFs.  Yet this study has shown that farmers operating at Muooni dam 
site were adjusting their irrigation water without taking into consideration the 
depleting water resources (rainfall) and subsequent increased cost of farming 
water. Hence, they recorded very low water productivity and high agricultural 
deficits under conditions of drought. The GoK has therefore the challenge of 
designing policies that enhance rational water use by local stakeholders in their 
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farming so as to narrow the gap between upstream and downstream users, pre-
sent and future generations. This could be achieved if researchers devised in-
novative ways of merging GWS schemes with cost-effective Blue Water Supply 
(BWS) projects to minimise deficits in water productivity and profitability in 
the ASALs. Finally, implementation of such policy will require the involvement 
of financial and extension organisations to handle water schemes and advise on 
the type of participation convenient for local stakeholders. Micro-credit funds, 
saving schemes and insurance mutual as well as other revolving funds and ban-
king loans will enable support for the new water schemes.
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5.		Strengthening	Formal	Institutions	in	the	Lake	Victoria	Basin:	Role	of	Integrated	Icts	
in	Sustainable	Irrigation	Resources

Hector J. Mongi and Aloys N. Mvuma7 

Introduction
Governance institutions in the developing world have invested a lot of their limi  
ted resources in water infrastructure to address challenges of expanding urbani-
sation, rapid population growth and the negative impacts of climate change. 
However, much of the infrastructure has fallen short of sustainability because 
of inadequate community participation, poor coordination and inadequate con-
trol. 

One of several ways of improving participation and coordination is the use of 
appropriate technologies, including Information and Communication Techno-
logies (ICTs). ICT can play a pivotal role in enabling water resource institutions 
to achieve the sustainability goals of Integrated Water Resource Management 
(IWRM). It provides tools, techniques and a common platform that allow the 
community to engage in giving and receiving information regarding water re-
sources. The combination of ICT tools amplifies these advantages. 

Despite this potential, the role of integrated ICT solutions in strengthen-
ing formal irrigation institutions in East Africa has not been fully analysed. 
This chapter seeks to identify the weaknesses of formal institutions in irrigated 
lands in terms of sustainable infrastructure and suggests possible integrated ICT 
solutions for community engagement in infrastructural projects and the coor-
dination of water resource management. The study focuses on small-scale but 
sensitive irrigation schemes in Tanzania in the transboundary Lake Victoria 
Basin (LVB). Three districts in Mwanza Region were selected for fieldwork on 
the basis of three criteria: location within the transboundary LVB; the prior 
implementation of irrigation infrastructure projects; and the existence of formal 
irrigation institutions. Key informant interviews, focus group discussions and 
desk research were used for data collection. 

Purpose
Sustainable water resources form an important topic in contemporary environ-
mental and natural resource debates. The adoption of IWRM is generally ac-
cepted as a roadmap to sustainability. IWRM seeks to balance institutional 
and technological aspects in terms of economic productivity, social equity and 
environmental quality. However, IWRM is complex, involving many people, 
institutions, sectors and activities. The investment burden to support the devel-

7.   University of Dodoma, PO Box 490, Dodoma, Tanzania. E-mail for corresponding au-
thor:  hjmongi@yahoo.com
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opment of large-scale water infrastructure in developing countries has largely 
remained with the public sector (Jägerskog and Clausen 2012; Gajigo and Lu-
koma 2011). This study aims to strengthen the sustainability of formal institu-
tions in irrigated lands through ICT-supported irrigation and water resource 
management. The community-based water resources available for irrigation in 
the selected areas of LVB were corroborated; weaknesses in formal institutions 
at the bottom of the water-management pyramid were verified; and the roles of 
existing and emerging ICTs in the engagement and coordination of activities of 
formal institutions were identified. 

Overview	of	Irrigation	Water	Resources
Agriculture is the single most water-intensive sector, especially in low- and me-
dium-income countries. The World Bank indicates that of the 6,122m3 of inter-
nal freshwater resources per capita worldwide, agricultural production consumes 
70  % (World Bank 2014). The same source also shows that withdrawal of agri-
cultural water is related to poverty levels. Countries classified as low income tend 
to withdraw the largest share of their water resources (90 %) for agriculture, while 
low middle, middle, upper-middle and high-income regions withdraw 88  %, 
80 %, 69 % and 40 % of their water respectively. The relationship between per-
centage freshwater withdrawal and areas under agriculture is shown by Figure 1. 

The East African region, part of sub-Saharan Africa and the low income 
group, has between 84 % and 90 % freshwater withdrawal for agriculture. In-
dividual countries have varying statistics. While Tanzania leads with 89 %, 

Figure 1: Regional percentages of agricultural freshwater withdrawal  

Source: World Bank (2014)
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Kenya, Burundi, Rwanda and Uganda follow with 79 %, 77 %, 68 % and 38 % 
respectively (Figure 2). 

 Governments in the developing world have invested a lot of their limited 
resources in water infrastructure to address challenges of urbanisation, popula-
tion growth and climate change. Such water resource infrastructure includes 
rivers, dams and other reservoirs. They form part of the irrigation infrastructure. 
However, the established resources have been inadequate in terms of continuous 
supply of water to meet the growing demands of agriculture, households and 
industry. In Africa, stories of less sustainable water resources are complemented 
by bitter statistics that show that irrigation technology has increased by 1 % in 
28 years, from 3 % in 1980 to 4 % in 2008 (Gajigo and Lukoma 2011). 

A survey of dams in Tanzania conducted in 2009 indicated that most of 
the 639 dams were in poor condition: 54 % were without crest weir; 65 % 
had eroded upstream slopes; 66 % had eroded downstream slopes; 55 % had 
eroded up/down stream slope and 53 % without riprap; 47 % of the dams had a 
reduced capacity; 23 % had settled embankments; 21 % were leaking; and 7 % 
were failed or silted up (URT 2011). Several challenges in irrigation develop-
ment slow the overall attainment of food security and poverty reduction targets. 
According to a Tanzanian water project (URT 2007), the challenges include: 
poor and inappropriate irrigation infrastructure; low use of water saving and 
appropriate technologies; minimal use of ground water; absence of water storage 
structures; inadequate investment in irrigation; climate change and variability; 
and weak institutions responsible for irrigation management. Weak formal in-

Figure 2: Country percentages for agricultural freshwater withdrawal for East Africa 

Source: World Bank (2014)
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stitutions have been associated with the under-performance or failure of irriga-
tion schemes in developing countries, leading to the loss of expensive resource 
investments. 

Irrigation is considered an option in combating the social and environmental 
challenges facing food production. The National Irrigation Master Plan (NIMP) 
revealed that the irrigation potential in Tanzania is 29.4 million hectares. Al-
though much of it (22.3 million hectares) is classified as low potential, a signifi-
cant area is classified as high (2.3 million hectares) and medium potential (4.8 
million hectares) (URT 2002a). Tanzania is setting higher targets for irrigation. 
For example, it is expected that by 2020, the land under irrigation will increase 
from the current 400,000 hectares to 2 million hectares, a fivefold increase. 
Such ambitious targets require more water infrastructure as well as strengthened 
institutions in irrigation schemes. Droogers and Bastiaanssen (2009) conduct-
ed an evaluation of five irrigation schemes in the Tanzania part of LVB. LVB 
is a transboundary ecosystem shared among five countries: Burundi, Kenya, 
Rwanda, Tanzania and Uganda. It has numerous water resources, which are 
key to its potential for irrigated agriculture. The evaluated irrigation schemes 
were Mara Valley, Bugwema, Isanga, Manonga and Ngono. Most are at various 
stages of development. Institutional support for these schemes was generally 
ranked highly. However, as they develop, there is a greater need for establishing 
and strengthening formal institutions to ensure sustainable irrigation-resource 
management.

Formal Institutions in Irrigation Water Resource Management in Tanzania
The Tanzanian irrigation policy of 2009 lists the formal institutions by cate-
gory: National, Zonal, Local Government and Community levels (Table 1). 

The National Water Policy (NAWAPO) 2002 requires the establishment of 
an organisational structure that is simple, transparent, efficient and accountable 
to community needs. Tanzanian irrigation institutions have not been devoid of 
weaknesses. Despite many institutional reforms, poor coordination is the single 
most significant weakness. Others are conflicting objectives and roles in irriga-

Table 1: Irrigation institutions by levels

Level Institutions

National (Central Govt) Ministries responsible for water, irrigation, national-based NGOs

Zonal (Central Govt) River basins management, zonal irrigation offices, zonal-based NGOs and zonal-based private 
sector 

Local Government District irrigation offices, district-based NGOs, Community-based organizations  CBOs and 
private sector

Communities Irrigation organisations, farmers/irrigators, CBOs

Source: URT (2002a) 
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tion infrastructure management, inadequate enforcement of laws and regula-
tions as well as corruption and inadequate accountability, lack of transparency 
and participation by stakeholders. The specific roles of each level as listed in the 
national irrigation master plan (URT 2002a) are shown in Table 2.

Weaknesses in Formal Institutions Managing Irrigation Water Resources in Tanzania
The Tanzania irrigation policy of 2009 lists types of formal institutional weak-
ness by National, Zonal, Local Government and Community levels (Table 3). 
However, due to the varying socioeconomic development of the country, study-

Table 2: General institutional roles by levels

Level Roles

National and Zonal

Coordination of sectoral stakeholders
Establishment and enforcement of irrigation regulations
Timely financing, provision of equipment and facilities
Strengthen irrigation data-collection
Capacitate institutions through training

Local Government

Identification of irrigation schemes
Planning and designing
Construction
Operation and maintenance of irrigation schemes

Communities

Participate in scheme development/ improvement
Collection and management of irrigation service charges
Operation and maintenance of irrigation infrastructure
Establish irrigation database and link up with national database
Coordinate support to irrigators and organisations in irrigation interventions

Sources: URT (2002b) 

Table 3: General institutional weaknesses by levels

Level Weaknesses

National and Zonal

Poor institutional setup
Lack of irrigation regulations
Inadequate qualified staff
Inadequate financing
Inadequate equipment and facilities

Local Government

Inadequate database
Lack of awareness of roles and responsibilities
Inadequate skills and financing
Weak enforcement of by-laws
Inadequate equipment and facilities

Communities

Limited funds
Limited capacity in financial management
Weak leadership
Limited capacity to enforce laws
Limited capacity to ensure sustainability of infrastructure

Sources: URT (2002a) 
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ing a specific area allows for verification of the weaknesses mentioned and pos-
sible identification of further weaknesses.

Integrated ICTs for Water Resource Management
One of several ways of strengthening the formal institutions of irrigation schemes 
is the use of appropriate technologies, including ICT. ICT refers to technologies 
that manipulate and communicate information. They include storage devices 
such as magnetic disk/tape, optical disks (CD/DVD) and flash memory; broad-
casting technology such as radio and television; data and information processing 
technology like computers; and voice, sound and image technologies such as 
microphone, camera, loudspeaker, telephone to cellular phones; and technology 
for automated wireless data capture and transmission. 

The role of ICTs in supporting decision-making, coordination and control 
of water resources is uncontested. Mobile and fixed phones, radios, the Inter-
net and other emerging technologies are capable of enhancing decision-making 
through participation and information-sharing (Hellström 2010; Karanasios 
2011; Ospina and Heeks 2010; Duncombe and Boateng 2009). They can also 
enhance control through informed policy making and enforcement of laws and 
regulations related to water resources. Sife et al. (2007) argue that ICTs can 
improve information accessibility; facilitate communication via electronic facili-
ties; enhancing synchronous learning; and increase cooperation and collabora-
tion. Therefore, apart from being coordination tools, ICTs can also be useful 
capacity-building tools for strengthening institutions in irrigation schemes.

Between 2010 and 2014, researchers at the University of Dodoma in Tanza-
nia (including the authors) led a collaborative project to develop integrated ICTs 
for water resource governance in the LVB. 

The situational analysis and needs-assessment parts of the project involved 
stakeholders from all water-related sectors such as agriculture, industry, house-
holds, policy and environment at various scales, from micro, meso to macro. 
The main research output was Water Resource Governance System (WaGoSy), 
an integrated ICT solution for addressing governance challenges relating to 
LVB water resources (Mvuma et al. 2014). The system comprises the follow-
ing components or modules: Web-Based Portal (WaGoSy-WBP), Water Quality 
Reporter (WaGoSy-WQR), Wireless Sensor Network (WaGoSy-WSN), Open 
Meeting (WaGoSy-OM), Visualisation (WaGoSy-V) and SMS Box (WaGoSY-
SMSB) (see Figure 3).

WaGoSy-WBP comprises Wiki, RSS Newsfeed, Commenting and Posting 
services. The module provides an ideal platform for fast information creation, 
dissemination and sharing to create awareness, facilitate participation and en-
hance transparency.

WaGoSy-WQR is an Arduino-based water quality sensing platform that uses 



83

Strengthening Formal Institutions in the Lake Victoria Basin 

a smartphone application based on Android programming. It enables local wa-
ter quality agents to capture and send water quality parameters to the central 
database and receive quality status notifications via SMS. It consists of sensors 
for pH, electrical conductivity, dissolved oxygen and temperature and requires 
an Android smartphone OS Version 2.3.x. The module supports participation 
by the local community in water quality monitoring. It also enhances awareness 
among stakeholders on water quality. Furthermore, it improves accountability 
and transparency.

WaGoSy-WSN is a network of sensor nodes that enables automatic and con-
tinuous capturing of water quality parameters from a site and submits them to 
the central database (Faustine et al. 2014). It consists of WSN nodes with sen-
sors and a WSN gateway. Each WSN node is equipped with four basic sensors 
that provide a general characterisation of water quality and a GPS for capturing  
geospatial parameters. WSN nodes and gateway use an XBee-Pro module ope-
rating in the ZigBee mode, which uses a 2.4 GHz unlicensed band and consumes 
very little power (Faustine and Aloys 2012). Both modules are implemented   
using an Arduino microcontroller, an open source electronics prototyping plat-
form. The gateway is equipped with a solar panel to provide continuous power.

The WaGoSy-OM module was developed using Java technology. It enables 

Source: Faustine et al. (2014)

Figure 3: Overall architecture of the Water Resource Governance System  
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water resource stakeholders to communicate in real time through text, audio 
and video.

The WaGoSy-V module was developed using Hypertext Mark-up Language 
(HTML) and Java Scripts. It enables stakeholders to visualise and map water 
quality parameters and locations graphically from the WaGoSy-WQR and 
WaGoSy-WSN modules. From the graphs, users can observe the behaviour of 
each parameter and alert the public in case of abnormality. The module is of 
great use in monitoring and controlling water resources. It also assists in in-
formed decision-making, enhances enforcement of laws and regulations and 
improves accountability and transparency.

The WaGoSy-SMSB module is a compact, low-cost solution for sending and 
receiving Short Message Service (SMS) messages using a common Subscriber 
Identury Module (SIM) card. It includes a Global System for Mobile Commu-
nications (GSM) quad-band modem and a micro Secure Digital (SD) memory 
card to store messages. It also has a Debian Unix system to manage the SMS 
and Multimedia Message Service (MMS) queues through an easy-to-use Web 
interface integrated into the main system. The general community can report 
events related to water resources such as catchment fire, water use conflicts, ille-
gal fishing, water pollution and illegal farming near water catchment areas. This 
module enables local radio presenters to directly interact with the community 
by viewing and reading SMSs sent by the community from the computer or 
phone browser. It also relays classified SMSs to classified actors for appropriate 
actions. Message broadcasting and alerting is also supported by this module.

Research	Questions
The study sought to answer the following questions:
i. Which water resources were confirmed by the community to be available for 

irrigation in the selected areas of LVB?
ii. To what extent did the stated weaknesses of formal institutions match the 

reality at the bottom of the irrigation management pyramid in the selected 
areas of LVB?

iii. What roles could the existing and emerging ICTs play in engaging and co-
ordinating the activities of formal institutions in LVB?

Methodology
The study was conducted in Mwanza Region, Tanzania, one of the potential 
areas within LVB. Three districts, Ilemela, Nyamagana and Kwimba, were se-
lected in the region. Selection criteria included the presence of formal irrigation 
schemes, potential knowledge and use of ICT tools and potential community 
support in providing information. In each district, the following formal institu-
tions were selected for detailed study: Umoja wa Wakulima Maiga (UWAMA) 
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– Association of Paddy Farmers in Maiga – from Kwimba District; Igembensabo 
Irrigation Group (IIG), Ilemela; and Umoja wa Wakulima Bustani (UWABU) 
– Gardeners’ Association, Nyamagana.

UWAMA is an irrigator association made up of 13 irrigation groups. It per-
forms its activities within the Maiga Irrigation Scheme (MIS), which started 
in 1996 with a small weir as infrastructure. However, the weir could not meet 
increasing demand, thus overuse of water to meet crop production, livestock 
keeping and domestic needs led to its collapse in 2000. UWAMA is made up of 
186 members, of which 97 are male and 89 female. There are 22 other groups 
in varying stages of formalisation as irrigator associations. The National Irri-
gation Development Fund (NIDF) has supported capacity-building to enable 
formalisation of the irrigation association. The main capacity-building issues 
are constitutions, registration and linkage with financial institutions. IIG and 
UWABU are small-scale irrigator groups that have also received much support 
for irrigation infrastructure. However, consistent with a general trend, such in-
frastructure, including irrigation equipment and water resources, has not been 
sustainable.  

The study adopted a qualitative research paradigm. Data were mainly col-
lected through discussions with members of irrigation associations, with key 

Figure 3: Research sites in Mwanza, Tanzania 

Source: Field data, 2014
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informants, and by reviewing the relevant literature. The membership composi-
tion of the formal irrigation institutions in each district is shown in Table 4. 

Discussions were held in two rounds using different methods. First, the open 
space method was adopted, whereby all participants joined in a plenary to cor-
roborate the weaknesses of their formal institutions. 

Second, there were discussions in two small focus groups of between 14 and 
16 participants. These discussions were held in each district to gain an insight 
into each of the identified weaknesses. The discussions led to the regrouping of 
the weaknesses, so that related factors were grouped together. Secondary data, 
including a literature review, were used to enrich the results and discussions on 
how an appropriate combination of ICTs in the WaGoSy system could address 
the challenges facing formal institutions in irrigation schemes. Data collected 
were analysed using both qualitative and quantitative methods. Content analy-
sis helped in grouping related items on institutional weaknesses, while qualita-
tive data were summarised in frequency tables. Graphical data are presented and 
described accordingly. 

Table 4: Participants in open space discussions by category, district and gender

Category

District

TotalIlemela Nyamagana Kwimba

Male Female Male Female Male Female

Farmers 19 3 9 18 19 8 76

Leaders 4 2 5 0 0 0 11

Experts 1 4 0 0 5 0 10

Sub-total 24 9 14 18 24 8
97

Grand total 33 32 32

Source: Field data, 2014

Figure 4: Participants after discussion sessions in Kwimba District in Mwanza Tanzania 

Source: Field data, 2014
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Results	and	Discussions
Community-based Water Resources in the Study Area 
Presence of water resources is key to irrigation activities. The type of water re-
sources available determines the irrigation infrastructure to be developed. The 
first objective of this study was to understand the type of community-based 
water resources.
 
Table 5: Perceived water resources by district in the study area

SN Water resource
District

Ilemela Nyamagana Kwimba

1 Deep wells ✓ ✓ x

2 Shallow wells ✓ ✓ ✓

3 Charcoal dams ✓ ✓ x

4 Seasonal streams ✓ ✓ ✓

5 Seasonal rivers x ✓ ✓

6 Permanent rivers x x x

7 Dams x x ✓

8 Lake x x x

Source: Field data, 2014

Lake Victoria is the largest freshwater body in Africa and the second larg-
est in the world – second to Lake Superior in North America (Anon 1998; 
Akumu et al. 2010). It is a few kilometres from the study sites in Ilemela and Ny-
amagana. However, despite its potential, it was not mentioned among the water 
resources for irrigation in the communities. Participants in the research only 
valued the resources that have a direct impact on their activities. For the lake to 
have a positive impact on irrigation, appropriate infrastructure is required that 
not only serves the communities nearby but also does not contribute to more 
national and international conflict.

Corroborated Weaknesses of Formal Institutions in the Study Area 
The general weaknesses of formal institutions at various levels are well docu-
mented (see Table 3). However, they are not corroborated at specific locations 
with varying socioeconomic and biophysical conditions. A first step in address-
ing a problem is to understand its depth – including its root cause. Participants 
in this study identified a cluster of five problems and their causes. The clusters 
are fragmentation, centralisation, awareness, accountability and finances (Fig-
ure 5). This cluster presents a slightly different version from the general one, with 
key problems unique to the typical irrigation institutions at the base of pyramid. 

Fragmentation of institutional elements: Water resource management has a multi-
sector aspect. Although this study focuses on the lowest level of the institutional 
framework, the problem of fragmentation of policy and decision-making was 
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highlighted across scales (Figure 5). Agriculture (thus irrigation), livestock and 
water for domestic use were addressed by different ministries at macro and meso 
scales. At the very bottom level, fragmentation was expressed in terms of ineq-
uitable distribution of irrigation equipment and access to infrastructure. Equity 
issues are central to fragmentation, which eventually affect all other parameters 
such as training, income and gender. This was partly the reason for failure of 
irrigation infrastructure projects and eventually the weakening of irrigation in-
stitutions in Ilemela and Nyamagana Districts. In Kwimba District, the story 
was slightly different, but with similar sustainability challenges. Fragmentation 
is related to multiple users. For example, Maiga Dam was designed for multi-
ple uses: livestock, crop irrigation, fishery, as well as domestic. However, across 
all districts and even beyond, high demand for irrigation water versus supply 
has been a common source of conflict between livestock keepers and crop pro-
ducers. Involvement of stakeholders and enhancing ownership of the resource 
among competing interests could lessen conflicts and strengthen the institutions 
mandated to manage the resources.

Centralisation of decision making and implementation: Inadequate community 
involvement in issues related to irrigation water as well as infrastructural project 
implementation was considered a weakness in formal institutions in the study 

Figure 5: Formal institutional weaknesses identified in selected irrigation areas in Mwanza 

Source: Field data, 2014
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areas. The central government (macro scale) and some local government institu-
tions (meso scale) tended to make decisions and implement projects on behalf 
of the community (micro scale) (see Figure 5). This not only led to lengthy 
decision-making process, but also did not enhance ownership of infrastructure 
at the lowest level. Lack of ownership by the community of users is demon-
strated by the collapse of Kwimba weir. In Nyamagana, new water pumps and 
shallow well projects were not sustainable partly due to inadequate community 
involvement (Figure 6). There was limited maintenance of and security for the 
infrastructure.

Insufficient awareness: Members of the formal irrigation schemes admitted their 
low involvement in policy-making, as well as in formulating rules and regula-
tions they are supposed to follow. Policy, rules and regulations are among the five 
pillars of IWRM (ECOWAS, 2006) and therefore a source of strength of formal 
institutions. For instance, inadequate awareness of (something is missing here), 
water use conflicts and inadequate participation in infrastructural development 
were perceived critical hindrances to sustainability. Lack of awareness and il-
literacy were also perceived as precursor of the irresponsibility among members 
in meeting their membership obligations. The challenge lies in increasing civil 
society capacity and its scope to use the political and public space to engage with 
and influence government decision-making and democratic practice.

Low levels of accountability and transparency: Accountability and transparency 
are important pillars in governance and cut across scales (see Figure 5). The two 

Figure 6: Chairperson of UWABU in Nyamagana District explaining the failure of water pumps and a deep well 
project 

Source: Field data, 2014
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pillars were expressed in terms of budgetary reporting (revenues and expendi-
tures) and disbursement procedures. Participants expressed willingness to pay 
for water use, and contribute to infrastructural maintenance and operations as 
well as conservation measures if all proceedings were transparent and leaders 
demonstrated high standards of accountability.

Inadequate access to finances: The financial resources to implement and support 
the activities of micro-scale formal institutions were limited, even though these 
institutions have roles in the planning, design, implementation and mainte-
nance of water resource infrastructure. One reason for this underfunding was 
inadequate financial management capacity and tools for mobilising financial re-
sources within and outside the community. The problem of inadequate funding 
cut across the institutional framework, but was felt at the bottom of the scale.

Strengthening Formal Institutions in LVB through Integrated ICTs
ICT, and specifically WaGoSy, provides tools that can address most of the in-
stitutional challenges mentioned above (see Figure 3). The weaknesses of formal 
institutions in the study area in terms of equitability, environmental quality and 
sustainability, can be summarised as fragmentation, duplication, centralisation 
and lack of sustainability. WaGoSy, though targeting multi-scale solutions to 
water resource governance, can contribute to strengthening these institutions in 
the following ways:

Defragmentation and multi-scale coordination of institutional issues: WaGoSy is 
an integrated system with a number of options for engaging communities in the 
collective performance of formal institutions in irrigation schemes. It provides 
one-stop ICT-based solutions for improved coordination between institutional 
management units. Apart from providing citizens with data and information 
sharing, WaGoSy could empower members of formal institutions to demand 
better services from their leaders at the bottom, as well as at the meso and micro 
levels. The concept behind the design and development of WaGoSy in engaging 
multi-scale stakeholders is similar to the way an architect designs a multi-storey 
building to replace isolated huts. In this analogy, hut occupants, who could not 
meet easily, would be able to interact and share information through common 
venues like lounges, restaurants and even corridors. The WaGoSy components 
are these venues.

The collection of servers making WaGoSy (Web server, Database and SMS 
gateway) is a convergence and divergence point. Data and information collected 
from across the institutional framework of water resource management, inclu-
ding water for irrigation, are stored, manipulated and shared. WaGoSy is capable 
of sending the same data or information to key stakeholders depending on their 
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roles in water resource management. These may include policy-makers, law en-
forcers, decision-makers and members of formal water resource institutions at 
various scales.

WaGoSy-WBP is a door to social media tools such as Facebook, LinkedIn 
and Twitter where more citizens, especially youths, can create networks among 
themselves as well as with government. It is a mechanism for linking the public 
to their government in managing water resources. According to Pera (Mvuma 
2014), social media can improve interactivity between government and public, 
allowing officials in government to build relationships with the citizens they 
represent. They can enhance government abilities to interact with citizens and 
transform the way organisations can communicate with the public.

Cost-effective awareness building at the bottom level: Awareness is often linked to 
democracy. Citizens’ awareness of their rights is a precursor to strong participa-
tion in the activities of formal water institutions in irrigated lands. WaGoSy 
offers solutions that can enhance participation by a greater proportion of insti-
tutional members in irrigation schemes. Integration of radio and mobile phones, 
two devices that have been spreading rapidly, can substantially contribute to 
awarenessbuilding at the bottom of pyramid. The system provides both hori-
zontal and vertical opportunities to network among institutions and their mem-
bers. WaGoSy-OM and WaGoSy-SMSB are considered cost-effective means of 
getting people to meet and share information and knowledge through virtual 
environments. Although access to the Internet to support online meetings is still 

Figure 7: Radio is an important mass media tool among livestock keepers in the LVB. WaGoSy via community 
radios can bridge the digital divide created by multiple communication networks 

Source: Field data, 2014
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a problem, especially in rural areas where most irrigation schemes are located, 
the recent proliferation of high-end mobile phones associated with the increased 
investment in mobile networks; provide the opportunity for critical mass par-
ticipation through social media.

Improving accountability and transparency: Reporting to and report dissemina-
tion among water resource stakeholders are techniques for enhancing transpa-
rency and accountability. WaGoSy is an integrated system with a number of 
options for engaging communities in the collective performance of irrigation 
management activities. 

WaGoSy-WBP is also integrated with a Geographic Information System (GIS), 
which helps to locate sensors and their respective data-points. In the network of 
sensors, each node represents a data-point for the most pressing issues in water 
management in relation to irrigation, fishing, livestock, as well as domestic utili-
ties. GIS can report the location data of the sensors in geospatial form (i.e., lati-
tudes and longitudes) with associated attributes (e.g., name of the location).  Data 
can therefore be collected in quantitative forms like pH, dissolved oxygen, water 
temperatures and conductivity with location data for quick action on variations 
beyond certain configured thresholds or for monitoring purposes. For example, 
WaGoSy has intelligent capability that can send automated alerts in the form of 
SMSs and/or e-mails wherever a pre-established pH threshold of 7.2 is exceeded. 
Such alerts originate from data collected through WaGoSy-WQR and WaGoSy-
WSN and analysed through WaGoSy-V and are sent to selected individuals or 
groups depending on their responsibilities in water management. The two system 
components are tools to reliably trace critical points of water pollution by report-
ing to the relevant responsible persons: law enforcers, institution leaders or to other 
scales within water management. Qualitative data collected via community-based 
crowd-sourcing such as text messages, photo images and short videos can also be 
geo-tagged to locate the place where they were collected. Apart from informing 
the community about the state of their water resources and surrounding environ-
ment, such data can also be used in planning, maintenance, monitoring and evalu-
ation. WaGoSy, through these capabilities, provides a platform for learning and 
capacity building. Short messages, photo images and short videos can be shared 
through a web-based portal, by radio (where reflections about the information can 
be shared) as well as through mobile phones.

Mobilising and managing financial resources: ICT promotes e-engagement in the 
processes of policy decision-making. Apart from text messages and information-
sharing by radios, the use of social media as provided by WaGoSy can develop 
trust; enhance transparency through information interactions; as well as build 
an online network (Lee and Kim 2014).
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One of several ways in which ICT redundancy can contribute to water gover-
nance is by improved access to financial capital. Mobile phones and radios are 
the most important ICTs available for the bottom level of water management 
institutions. Situation analysis done for the design of WaGoSy indicated that 
on average 29.8 % and 30.4 % owned radios and mobile handsets respectively 
(Mvuma 2014). However, accessibility data are much higher due, for instance, 
to owning a SIM card without a phone or owning multiple SIM cards and sub-
scribing to more than one mobile network provider. WaGoSy is an integrated 
system with a number of options for engaging communities in the collective 
performance of irrigation management activities. Redundancy in the context of 
ICT refers to the potential of these tools to increase the availability of resources 
(Ospina and Heeks 2010). Application of this situation to the water sector may 
be through access to capital for efficient water use facilities, improved systems 
of water distribution, and also access to markets linked to water use efficiency. 
In the agricultural sector, mobile phones and Internet usage among Tanzania’s 
small farmers were found to increase their participation in markets and to pro-
vide information on improved productivity (SIDA 2009). Excess income from 
the agricultural sector may allow for re-investment in water for agriculture by 
acquiring efficient irrigation facilities and engaging in conservation on water 
sources.

Figure 8: Voluntary labourer constructing an irrigation canal in Kwimba District. High standards of accountabi-
lity and transparency are the motivation for this kind of participation 

Source: Field data, 2014
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Conclusions	and	Suggestion	for	Future	Studies
Formal institutions in irrigation schemes continue to face challenges in mana-
ging water resources as a result of competing needs. There are general weaknesses 
identified at national, local and community scales. However, at a very specific 
community scale and in relation to specific water users, the challenges are slight-
ly different. This study involved the community in identifying those weaknesses 
and it suggests combined ICT tools to address them. The focus was on WaGoSy, 
a system developed to address governance challenges and with practical applica-
tion in strengthening institutions that are managing water resources at micro 
levels. Formal institutions with demands for training need databases that are 
linked to top institutions, and need to be aware of their roles and responsibili-
ties as well as capacity to coordinate both horizontally and vertically. The use of 
relevant integrated ICT solutions will help to align the activities with goals and 
thereby strengthen the institutions. WaGoSy is still at a pilot stage and requires 
evaluation. Further studies should focus on the extent to which integrated ICTs 
engage formal institutions’ members in achieving sustainable goals for water for 
irrigation. This could be preceded by a relevance evaluation framework to serve 
as the foundation for the study. 

Key	Policy	and	Research	Implications	
The policies and strategies within the East African Community (EAC) under-
score the importance of freshwater resources to all key sectors of the economy. 
Demand for fresh water at Global and regional scale is increasing amid declin-
ing supplies for agriculture, industry and households. Agriculture is the most 
intensive user of freshwater resources through irrigation. EAC’s Agriculture and 
Rural Development Policy of 2006 emphasises two major challenges in improv-
ing irrigation: (i) limited appropriate technological development and (ii) inade-
quate resources to manage and develop utilisation of water resources. One of the 
policies for increased agricultural production and productivity is the promotion 
of community participation in the development of irrigation, water manage-
ment and the maintenance of irrigation infrastructure. Tanzania’s Water Policy 
of 2002 identifies the key challenges hindering sustainable water management, 
including dry spells and droughts, water scarcity and conflicts, lack of informa-
tion on water quality and quantity as well as inadequate coordination of cross-
sectoral issues.  Strong management institutions are needed for agricultural wa-
ter resources at various scales from micro and meso to macro. 

ICT is one of the appropriate technologies to support these institutions. These 
tools enhance pre- and post-development of irrigation infrastructures. They can 
enhance, in horizontal fashion, member participation in the institutions that 
plan, designate, construct and maintain infrastructures. They can also support 
coordination of cross-sectoral issues by linking stakeholders in both vertical and 
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horizontal fashion. ICT options have been used in the region to support com-
munity participation, accountability and transparency. Specific examples are the 
integrated ICT solutions for the governance of water resources in the LVB that 
were developed under the VicRes Programme of the Inter-University Council 
of East Africa (IUCEA) with financial support from the Swedish International 
Development Agency (SIDA). The project was in response to the evaluation 
in the third EAC strategic plan (2006–10), which emphasised the importance 
of knowledge and communications in fast-tracking the development agenda. 
This ambitious strategy of making LVB a hub of information-sharing was not 
achieved. 

Apart from contributing policy insights into enhanced irrigation by tack-
ling before-and-after infrastructure development issues in community-based 
projects, this chapter also highlights the important research and development 
implications of integrated ICTs. While water institutions are charged with con-
ducting research in collaboration with partners, such research has not been 
effective due to inadequate coordination and low budgets. ICTs can improve 
research coordination and make available data that are collected by semi-auto-
matic or fully automatic tools, or which are crowd-sourced through community 
participation.
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