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ABSTRACT

Water is critically important to the livelihoods ofany populations especially the rural
poor primarily engaged in agriculture. In many depeng countries, water is a major
factor constraining agricultural output and thecames. Additionally, a large percent of
the world’s food supply comes from irrigated agliete, and agriculture is the single
largest user of fresh water on the planet andatse the largest economic activity of the
rural poor. Therefore, improved water managementafwiculture through efficient use

can improve the livelihoods of a great proportidnhe rural communities.

This study investigated technical and water useieffcy in small holder irrigation

farming in the Naivasha basin. The study used fapusehold data to; explore the
overall technical efficiency, water use efficienagd establish the factors influencing
water use efficiency. Data envelopment analysisegd algebraic and modeling system
and Tobit regression methods were used in analyziogs sectional data from 201 small

scale irrigation farmers in the lake Naivasha hasin

The results indicated that on average, small statmers were only 63 percent
technically efficient indicating that substantiahefficiencies occurred in farming
operations of the sample farm households. The sglov efficiencies for water
demonstrated even larger inefficiencies. Averageewase efficiency was only 31
percent again indicating that more farms were kighkfficient in the use of water
compared to overall technical efficiency. It imgli¢hat when all other inputs remain

constant, the current output could be producedgysom average, 69 percent less

iX



irrigation water. Therefore, there is a considexaddope for reducing the water use, even
with the technology currently available. This me#ms if efficiency improves, it should
be possible to reallocate a fraction of the wateother water demands without really
endangering production or the role small-scalegation might play for rural

development.

This study also demonstrated that crop choice,cehof irrigation technologies and the
level of farm fragmentation were significant factonfluencing water use efficiency in
small holder irrigation in the Naivasha basin. Hiere, policy intervention in terms of
better water management are recommended wherelgr wse efficiencies should be
well integrated in agricultural research and poliymulation processes to ensure
continued and sustainable use and efficient allocaif natural resources thus enhancing
food availability and incomes for the rural poorithVregard to the efficiency findings
from this study, it is recommended that more emighabould be laid on orienting
farmers towards appropriate choice of irrigatiochteologies, appropriate choice of crop
combinations in their farms and the desirable l@fdhrm fragmentation since these are

important in explaining water use efficiency.



CHAPTER 1: INTRODUCTION
1.1 Background information
The impact of human activities on the environmdmeatens a significant share of the
world’s natural resources with extinction, incluglimwetlands (Crook and Clap, 1998).
There is little doubt that the global area of watla has decreased at an ever increasing
rate. This conversion to agriculture, urban aneotises has profound ecological impacts
at local and global scales as well as significaxciesd and economic impacts on resource
users (Adger, 2000). There is also growing inteonal awareness of the importance of
value of natural resource such as wetlands inittes lof rural communities throughout

the world (Shackleton, 2006).

Water resources development and management is athygefor sustainable agriculture
(Ashraf et al., 2007). Water is critically important to the livietiods of more than one
billion people particularly for the 850 million ralrpoor primarily engaged in agriculture.
In many developing countries, water is a majordaconstraining agricultural output,
and income of the world’s rural poor (Namataal, 2009). Additionally, forty percent of
the world’s food supply comes from irrigated aglicte, and that percentage will
increase as populations grow and arable land ressulecrease. Agriculture is the
single largest user of fresh water on the plandtiais also the largest economic activity
of the rural poor. With 75 percent of the world®op living in rural areas and relying on
agriculture for at least part of their income, iloned water management for agriculture
through efficient use can improve the livelihoodsaogreat proportion of the rural
communities (Jacomia, 2005). In this context ofewatcarcity, the scrupulous allocation

among different users and uses poses a managehadiehge (Nagaraj, 1999).



Due to increased population pressure, commerciaizaof agriculture, rapid

urbanization and fast economic growth, water isrging in most parts of the world as a
severe constraint, not only to intensify agricudtuproduction but also to meet the
increasing needs of other sectors like industt@sism, rural and municipal use. Since
water resources have become increasingly scareee tis need for an institutional

framework to ensure sustainability and social optimuse (Nagaraj, 1999).

1.1.1 Water resource management

In most countries the institutional arrangememttfe development and distribution of

water supplies rests with public agencies. Howethex,performance of this centralized

approach to water resource management has provanuasatisfactory (Nagaraj, 1999).

Results also emerging from experiments in commumnagement are mixed and
suggest that there are problems associated witletsted attempts to manage common
pool resources (Kumar and Karande, 2000), but ¢ertain extent the collective action

through user groups has yielded desirable resultsrms of better up-keep of irrigation

infrastructure, efficiency in water resource usearicial viability, improved productivity

of irrigation and overall sustainability.

There is also considerable evidence that centdhlz@nagement of common pool
resources is not able to provide the right inca#ifor sustainable resource use, thus the
increased support for community based managematttikari, 2005). Local users are
seen to be in a better position to discern thel lecalogical, technical, economic and
social conditions hence in a better position toigskewell adapted rules, procedures and

sanction mechanisms that are capable of gainingdosapport among resource users.
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In recent years, development strategies have uader@ dramatic shift with the
emphasis changing from the state being the magyepltoward greater participation by
the community (Yercan, 2003). Devolution of respbitisy and control over natural
resources from government agencies to user groapsbbcome a widespread policy
trend that cuts across countries and natural resosectors, encompassing water and
especially irrigation with emphasis on increasing participation of resource users in the
management of the resources (Meinzen-Datlkal, 2002). It is also widely recognized
that an integrated approach to freshwater manadgeroffers the best means of
reconciling competing demands with supplies and raméwork where effective

operational actions can be taken (Alfarra, 2004).

Moreover many nhatural resource management pracsBoel as irrigation, forestry,
rangeland, or watershed management require coapemanhong individuals (Knox and
Meinzen-Dick, 2001). Collective action is widelycognized as a positive force for rural
development in Africa and getting together with esthcan also allow individuals to
better cope with risk particularly when neither tiévate sector nor the government
provides any safety nets or insurance against(R&kceet al, 2004). However, though
the theoretical advantages of user managementhesreconvincing and the impetus for
devolution policies strong, the actual outcomedafolution programs in various sectors
and countries have been mixed. The stated objectifesuch programs in terms of
positive impact on resource productivity, equitycang stakeholders, poverty alleviation,
organizational and environmental sustainability aften not met. Resources have not

always been used more efficiently than under stedeagement, nor have the benefits



been distributed equitably. In some cases the resdiase has been depleted. Experience
has shown that the emergence of strong enough lowhagement cannot be

automatically assumed (Knox and Meinzen-Dick, 2001)

1.1.2 Wetlands in Kenya

In Kenya, Wetlands cover about 2-3% of the totataaand harbor a substantial
proportion of the country’s water resources (GoR02-2008). They are an important
ecosystem as they are sites of exceptional bicsliyerhave enormous social and
economic value such as supporting family liveli®aas bases for crop production,
grazing animals, fishing, and harvesting mediciplaints among others. Ecologically,
wetlands are instrumental in water storage, floodtrol, groundwater recharge and
discharge, erosion control and sediment/toxicaeiten (purification) (Mwakubet al.,
2004; Odote, 2009). However despite their utilibhgy continue to be degraded and lost

due to pressure from agricultural and developmetnites.

In efforts to stem the degradation and conversibmvetlands, Kenya acceded to the
global convention governing the management of wddan 1990 i.e. Ramsar convention
which obligates the country to meet the standatigsilated in the convention such as
promoting wise use of wetland and making consesmatonsiderations within its natural
resource planning processes. In addition to itermational obligations, Kenya has
revised several policies and legislations in thet §® yearsncorporating modern views

of sustainable development and citizen participatie. theEnvironmental Management

and Coordination Act (1998), the Water Act (2002 Forest Act (2005). Other Acts,



such as the Wetlands legislation, are currentipd@&rmulated. The country is presently
engaged in a policy and legislative discourse m Mational Land Policy Formulation
Process and Wildlife Management Act; the latter axndKenya Wildlife Service.
Furthermore, several new government institutionsel@een created under the new laws,
such as the National Environmental Management Auth@GNEMA), an environmental
compliance organization, and the Water Resourcesalyement Authority (WRMA),
with the Catchment Areas Advisory Committee (CAADY the Water Resources Users

Organizations (WRUAS) as the regional and locatisodies.

In these new institutional settings the Ministreae® now only responsible for policy
development and some high level control. In caglesre previously the Ministry of
Water had full control over the management of wegspources now part of this has been
devoluted to the lowest level, the WRUAs. Unfortighg the design of various policies
and the interactions between Ministries are unclespecially with respect to the
question how to deal with institutional overlapsdawconflicts, prioritization of
programmes and activities, and hierarchy of lawsrédver, the devolution of power and
the consequent decentralizing mechanisms may leadchewv “rules” in the way
governmental and non-governmental actors communiagth each other in the usual

Kenyan stakeholder processes.

1.1.3 Lake Naivasha basin
Lake Naivasha is Kenya’'s second largest fresh waker and the only freshwater lake in

the RIift valley. It is served by river Malewa whichits largest tributary feeding in 90



percent of the water and river Gilgil and Karatiighhbring in the remaining 10 percent
(Harper, 2002). There is intensive agriculture lmymmmercial farmers around the lake
shore mainly engaging in horticultural enterprisediere production has been
predominantly of high value products such as cowdrs, fruit and out-of-season
vegetables for European markets. In contrast, thderw catchment comprises
predominantly land tilled for subsistence crops kyipg bucket and drip irrigation

methods to produce maize, beans, cabbages tonatddsench beans with a few of the

farmers selling their output (Harper, 2002).

The whole basin is now an ecosystem in crisis 'asait risk of extinction because of
human induced land use changes that have led wegsadation. There is heightened
demand and competition for environmental resouespecially land, water and forestry
between various user groups as evidenced by watkrction in the lake by about 3
meters and area covered by water has shrunk b¥f afithe total area which is further
accelerated by adverse weather conditions (Mi&d5). The region’s water catchment
is also destroyed by deforestation which reducesuaums of water feeding into the lake
through its tributary rivers. Thus the pressuren@ter resources in the basin is expected
to increase, as population and industrial actigitgw. Therefore, increasing water use
efficiency (WUE) associated with irrigated crop gweation and finding the factors
affecting this WUE would be a way for the farmefstluis region to increase their
agricultural production while sustainably managihg water use as there is little or no

prospect for expansion of the water resources @tag904).



1.2 Problem statement

Lake Naivasha basin has experienced; growth in lptipn, human settlement, intensive
commercial farming, tourism and geothermal produrctvhich have put intense pressure
on natural resources in the watershed and thiatéme the area’s integrity and especially
the water resource. Increased demand for scardeoemental resources such as water
and biomass has lead to the excessive abstradtsurface and ground water resources,
depletion of forestry resources, pollution of watedies and siltation of the lake (Mireri,

2005).

Water from the rivers and the lake provide a widege of opportunities for various
activities in the area, which in turn have produaembnflict of interests between different
stakeholders (upper catchment, farmers and urbaplge This has created pressure on
the lake and river water level and its quality @kth, 2004). Demand of water for
domestic use, agriculture, and industry continestrease rapidly due to increasing
population levels and immigration in the basin tibe need and concern for more

efficient water use.

Alfarra (2004) observes that the main problem mahea is not the shortage of water but
the management of the resource between multiples umed uses. It is apparent that
efficiency in water use has not been attained &ecetis lack of proper institutions and
organization in management (Harper, 2004). Varistakeholders in the basin have
organized themselves to come together in manageasetite Lake Naivasha Riparian
Association (LNRA) and promote sustainable use afewby calling for farmer group

formation especially for those higher in the catehimhence the choice of small scale



irrigators for this study. The small scale irriggt@re also chosen for this study because
they occupy a wider basin area in terms of area @opllation i.e. 650 000 people
compared to 160 000 living around the lake. It'soabf importance because the upper
catchment population is highly significant in thatis indirectly responsible for
maintaining the inflow into the rivers, the lakendathe aquifers (Harper, 2004). They
utilize water for domestic and livestock, as wedl for farming and sediments and
agrochemicals from the upper basin end up in tke.lawWhatever soil, woodland, and
land management activities the upper catchmentleigado, it will eventually affect the

system’s hydrology and quality (Harper, 2004).

A coordinated framework of management has not laelpted and an unclear division
of responsibilities between the different regulgtinstitutions persist in this basin and
the main weakness of the existing laws is that tleynot quantify sustainability or

define sustainable abstractions. The Managememt gi@sses the importance of an
accurate water balance but does not answer theiquesf what would be the total

sustainable abstraction of water from the basirerfgingle abstraction from the basin
results in a lowering of the mean water level amdvmuch drawdown is socially,

economically and ecologically acceptable is noirdef. Thus disputes about the exact
effect of abstractions on the whole basin, the sfzbe irrigated area and how much can
be safely abstracted persists. Therefore, the pireyasystem of uncoordinated water
resources management in the basin cannot susevtr-increasing water needs of the
various expanding sectors. Hence a strategy mustobght to integrate the various
sectoral needs against the available water reseumoarder to attain both economic and

ecological sustainability.



Previous efficiency studies have not specificédigused on the use of water as an input
and this study therefore comes in to fill this gagh an aim to assess water use
efficiency and its determinants together with tlesgbility of collective action as a way

of management.

1.3 Purpose and objectives
The purpose of this study is to assess the tedheitiaiency of the small holder
irrigation farming within the Lake Naivasha basin.
Thespecific objectivesof this study are;
1. To assess water use efficiency in small scaleaitiog farming in lake Naivasha
basin.

2. To examine factors influencing water use efficieaoyong small scale farmers.

Hypotheses to be tested
1. Small scale farmers are water use efficient
2. Demographic and socio economic factors: Age, gendeap choice, farmer
group, household size, level of farm fragmentatidarm size, education,

irrigation technology individually do not influeneeater use efficiency

1.4. Justification
Lake Naivasha is unique within the central latiadé the Rift valley for being a fresh
water lake unlike all the other lakes in the vallejhe lake has international value as a

Ramsar wetland, which in the last two decades hawrgto become the main site of



Kenya’s horticultural industry, one of the largesirners of foreign currency (Harper &
Mavuti, 2004). Lake Naivasha basin plays a veryartgmt role in national development
and contributes to about 70 percent of Kenyan flomeport, 15 percent of Kenyan
electric power and is home to attractive touristssiHowever this will not be the case in
future if the current heightened pressure on th&nisawater is not controlled through

efficient use and organized management among ting osers and uses.

Better water management can certainly contributegh® attainment of Millennium
Development Goals (MDGSs). It addresses MDG 1 it itmgestments in water resources
management and the delivery of water services argral to poverty reduction and
secondly ensuring environmental sustainability tlglressing MDG 7. Combating
poverty is the main challenge for achieving equéamnd sustainable development and
water plays a vital role in relation to human heglitvelihoods, economic growth as well
as sustaining ecosystems. Poverty reduction which complex issue, needs specific
targeted actions to ensure support to the weaknaadjinal communities in terms of
policy, technical, institutional, environmental afiancial aspects and water is one such
component of poverty reduction strategy but hithehis has not been well articulated
(Reba, 2003). Therefore, integrated land and watemagement and low cost
technologies such as efficient water use which aageable by the local people can
sustain water supply for production and protect ¢ésesystems and environment on

which the poor often rely for their livelihoods.
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According to Vision 2030, better conflict resolutionder the political pillar also has a
water dimension since many conflicts in rural Kertgad to be resource-based with a
bias towards shared water sources. Efficient wai@nagement will, therefore, not only
contribute to sustainable long-term economic growtht also to poverty reduction,

conflict resolutions and security which will leamlattainment of the economic, social and

political priority projects suggested by Vision 203

Therefore the knowledge of water use efficienciesl anefficiencies especially in
subsistence irrigation farming of the upper catahimeould be valuable for the local
community, extension service providers and policgkaers since it can help to guide
policies towards increased water use efficiencthenface of rising water scarcity. It is
also of particular importance for policy makerscdngse it not only creates awareness
concerning inefficiencies in water use, but alsmvptes insight into possible

improvements by exploring the determinants of thes#iciencies.

1.5 Organization of the study

This study is divided into five chapters. Chaptegadve an introduction of the study,

problem statement, hypothesis, objectives and ub#figation of the study. Chapter 2

explores the literature on previous efficiency stadrelevant to this study. Chapter 3
discusses the methodology employed in this stuey the theoretical basis for the

empirical approaches that were used to achievsttlty objectives. Chapter 4 discusses
the results of the analysis while chapter 5 givies study summary, conclusions,

recommendations and suggests areas for furtharotse

11



CHAPTER 2: LITERATURE REVIEW

2.1 Concept of efficiency

Farrell (1957) in his pioneering work on efficienasgued that the problem of measuring
economic efficiency is not only important for ecamo theory but also useful in policy

making and implementation process. He assertedd@tatmination of actual efficiency

levels is essential for theoretical discourse aratfpcal application in various economic
activities. In essence, efficiency forms the belro€ policy, planning and business

approaches to sustainable development. It is haweae elusive concept, defined

differently by different disciplines. The economigte engineer and the policy maker, for
example, all will define efficiency according toeth questions (Mulwa, 2006). For the

purposes of this study, the focus will be on tecahefficiencies.

According tokoopmans (1951), a producer is technically ine#intiif an increase in any

output requires a reduction in at least one oth§oud or an increase in at least one input;
and if reduction in any input requires an increasat least one other input or a reduction
in at least one output. Thus a technically effitiproducer could produce the same
output with less of at least one input, or could tiee same inputs to produce more of at

least one output meaning that they would not regeimploying more resources.

Debreu (1951) and Farrell (1957) define technitiency as one minus the maximum
equi-proportionate reduction in all inputs thatl gtilows continued production of given
outputs. A score of unity indicates technical e#icy because no equi-proportionate

input reduction is feasible, and a score of leas timity indicates technical inefficiency.

12



Efficiency in allocation of scarce resources to ambtoptimal gains is central to
neoclassical theory of production economics. Thenemic theory of production
provides the framework for most empirical reseaoch productivity and efficiency.
Efficiency thus refers to the global relationshiptween all outputs and inputs in a
production process (Dia al., 2004). The performance of a farm can be evalubased
on different efficiency measures, namely techniafjcative and economic efficiency.
Technical efficiency can be defined as the abiiftya decision-making unit (e.g. a farm)
to produce maximum output given a set of inputstactinology. Technical efficiency is
one component of economic efficiency where theefat$ defined as the product of
technical efficiency and allocative efficiency turn, allocative efficiency refers to the
ability to produce a given level of output usingeminimizing input ratios (Thiaret al,

2001).

This study will be limited to the calculation afchnical efficiencies due to the lack of
pricing for water input hence allocative and ecorefficiencies could not be derived. It
uses the measures that originate from the semio&d @n technical efficiency by Farrell

(1957), where technical efficiency is defined ae #bility of a farm to produce the
maximum feasible output from a given bundle of irspuoutput-oriented measure) or to
use minimum feasible amounts of inputs to produaggvan level of output, ( input-

oriented measure) (Coeédtal., 2002; Diaztal., 2004a, b). Input-oriented models will
be chosen in this study to reflect the reality gni@ulture where the main aim is to use

resources more efficiently and not to increase petdn (Diazet al, 2004).
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2.2 Using DEA to measure efficiencies

Two major approaches to measure efficiency have lee@ise, namely parametric and
non-parametric approaches, i.e. the stochastictiéorproduction function (SFA)
approach and the Data Envelopment Analysis (DEA}hodblogy. The parametric
approach consists of specifying and estimating rarpatric production function (or its
dual cost or profit function) representing the baghilable technology and provides a
convenient framework for conducting hypothesis itgst and the construction of
confidence intervals while the nonparametric apgnoanvolves the use of linear
programming to construct a piecewise linear envelaqt frontier over the data points

such that all observed points lie on or below ttagpction frontier.

The DEA methodology has some important advantagestbe econometric approach to
efficiency measurement. Firstly, because it is parametric there is no need to make
assumptions concerning the functional form forftioatier technology or the distribution
of the inefficiency term. Secondly, the approachnpes the construction of a surface
over the data, which allows the comparison of om@lpction method with the others in
terms of a performance index. In this way DEA pdeg a straightforward approach to
calculating the efficiency gap that separates epobducer's behavior from best
productive practices, which can be assessed frdomalacbservations of the inputs and
outputs of efficient firms. The real advantage A modeling is that it allows the
specification of a multi-product, multi-input firmAnother major advantage of non-
parametric DEAthat is in line with this study is the calculatiohsub-vector efficiency

for irrigation water use (Haji, 2006; Reig-Martinez aptazo-Tadeo, 2004; Malaret
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al., 2004; Wadud and White, 2000; Shafig and Rehr2@f0; Reinharcet al, 2000;
Frija et al, 2009; Helfand and Levine, 2004; Oude-Lansink Bethhard, 2004; Areget

al., 2006).

Calculating sub-vector technical efficiencies usagtochastic frontier approach would
be highly problematic in terms of computation (Spem et al, 2008; Frijaet al, 2009;

Oude-Lansinket al, 2002). Production technology can confound tieiency results

and worse still, curvature conditions (e.g. contyaef inputs) are not globally satisfied
when using the popular translog specification. &fere, the DEA approach is more
suitable for the calculation of sub-vector efficteas because it is more flexible by
avoiding a parametric specification of technologgsumptions about the distribution of
efficiency and allows curvature conditions to bepased easily (Oude-Lansirét al,

2002). Finally, when using DEA, efficiency measuaes not significantly affected by a
small sample size, as long as the number of ingut®t too high in comparison to the

sample size (Speelma al,, 2008).

The disadvantages of DEA, however, are that it ésemninistic and sensitive to
measurement errors and other noise in the dataer&8estudies comparing both
methodologies have shown that results from botrhaust are highly correlated (Alene
and Zeller, 2005; Aregat al, 2006; Wadud and White, 2000). Thus DEA appraach
chosen for the current study based on the evidgooe previous studies that there is no
significant difference between the two approachdsji{ 2006). A meta-analysis also

conducted by Thiamat al, (2001) on the sensitivity of production efficognestimates to

15



the choice of the methodology in the developingntoes’ agriculture using 32 technical

efficiency studies indicated that estimates werdependent of the methodology
employed. Even the prior expectation that the iefficy scores are lower for stochastic
frontiers than the deterministic models was noeoled. Moreover, Coelli and Perelman
(1999) compared three different methods that haaenlused to estimate multi-input
distance functions, i.e., parametric linear prograng, corrected ordinary least square
and DEA and concluded that the researcher canysa@dect one of these methods
without too much concern for their choice havintaae influence upon results (Haji,

2006).Thus the choice of method depends upon the obgofithe research and the type
of data available hence this study will use a DEpfsraach because of its flexibility and

the possibilities of calculating sub-vector effiooges.

2.3 Link between adoption of new technologies anthprovement in efficiency

Schultz (1964), “poor but efficient” hypothesisnplies that opportunities for production
gains through efficiency improvement are limitedl drence new technologies must be
introduced to enhance the productivity of farmingstems. Research and extension
services should therefore generate and promoteppate new technologies to enhance
the productivity of agricultural systems throughang such as intensive intercropping of
annual and perennial crops. The development of neaseties that have higher yield
potential and are suitable for different agro egmal zones are seen as an important
factor to consider in improving efficiency (Aregd al, 2006; Rahman and Hassan,

2008).
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Adoption of new technologies is evidenced to insee@roductivity in the shift from
conventional to organic farming (Oude-Lansink, 2002ouvelekast al.,2001). In his
study, Oude-Lansink (2002) compared productivitgl ggchnical efficiencies of organic
verses conventional farming in Finland and found that organic farms were more
efficient relative to their own technology but uskxs productive technology than
conventional farms. Productivity of individual inguon organic farms was lower than
their productivity on conventional farms. The diffaces in productivity are a suggestion
that the technologies applied in conventional fagrinad more potential than in organic
farming whereby food is produced using lower amsuwit scarce resources. Thus the
high efficiency in organic farming suggests thatnfars in low yield areas are more
likely to shift to organic farming and this finding in line with that of Oude- Lansink

and Pietola (2002).

Overall trends are also considered to be more fsignt when studying large irrigation
areas comprising many districts as they show wisicdps may increase or decrease
performance and which irrigation methods can yeldore efficient use of water. This is
useful in management to decide or choose betwedncing labor input or water
consumption or substituting current crops for mprefitable ones in a given irrigation
district. The study of spatial efficiencies indiesitthat the modernization of irrigation
towards the use of localized irrigation systemsaddition to increasing the efficiency of

water use, may lead to overall improved performanceigated agriculture (Diaz, 2004)
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2.4 Making efficient use of existing technologie®timprove efficiency in production
Haji (2006) and Coellet al (2002) observed that given limited resources,gerally
low level of economic efficiency is an indicatiohtbe existence of substantial potential
to improve smallholders’ productivity by improvirige efficiency of production rather
than creating and transferring new technologiasturé increases in food production will
originate from improvements in performance of ewrgt agriculture rather than
development of new resources as a large propodfothe available land and water
resources have already been developed and théneitesd scope for further increase in

the use of these resources (Wadud and white, 208@na and Malano, 2006).

In Samsun province of Turkey, the potential to ioyar technical efficiency under
current technology was reported in a study by Baragd Ceyhan (2007). In this study,
the technical efficiency of the sample vegetabtenfaimproved from 0.56 to 0.95 when
efficient use of available resources was implenteated this was especially with regard
to credit. Better use of available resources is aten to improve technical efficiency of
extensive livestock farming systems in Extremad@®pain through better use of own
produced pastures to reduce the amount of feedstld& bought thus saving on costs
and reductions in manpower (Gaspeagl, 2009). Dhunganat al (2004) also argues that
efficient use of available technologies is moretcefective than introducing new

technologies.
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2.4.1 Inefficiency arising from overuse of resource

Making efficient use of resources to improve eéiay implies that current technologies
are either being overused or under used. For tbe choveruse, the available inputs of
production such as labor, fertilizers and pestEideay be in use in excess of what is
actually required and this result in waste (Coetlial, 2002). For example, in Nepal,

variations in ‘use intensities’ of resources sushsaed, labor, fertilizers and mechanical
power in addition to farm-specific attributes weseen to be the main causes of

allocative, technical and scale inefficienciesrioe farmers (Dhunganat al.2004).

The extent of inefficiency in lower-ranked wheattsrnn Pakistan and the overuse of
irrigation and fertilizers were identified as theajor sources of inefficiency among
farmers at the regional and inter-regional levétawever, it was noted that low
productive farmers may not become efficient by $ympducing the level of inputs as
there was need for a detailed analysis to deternatieer underlying causes of
inefficiencies, including environmental factors aagdricultural practices (Malana and

Malano, 2006).

Gaspetret al (2009) also noted that inefficiencies come mafrdyn an excessive use of
inputs, especially of labor and expenditure on ahifeed for the case of livestock
farming (because of the inadequate use of natesalurces available), and from levels of
outputs not suited to the characteristics of thm& and thus, far from their potential. In
many instances, the quantities of inputs used @jestifiably higher than what would be

required to achieve their present levels of crogpwiu hence raising the cost of
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production. It is recommended that by identifyihg sources of inefficiencies the results
could be used to investigate avenues for improvésnenboth technology and resource

use efficiency on farms (Shafig and Rehman, 2000).

In many cases and especially in small holder fagmivater as an input to production is
also over utilized and this result in technicalfilcgencies of farms. For example, in the
North West province of South Africa, Speelnetral (2009 reported that there was need
for more efficient water use due to the increagirggsure on the resource and also due to
water scarcity. Technical inefficiencies were olkedrunder both variable and constant
returns to scale in their study and sub-vectociefficies for water proved to be very low,
indicating that if farmers became more efficieningsthe technologies that were
currently available, it would be possible to readite a fraction of the irrigation water to

other water demands without threatening the rokenwdll-scale irrigation.

In small scale green house farming of Teboulba Jianirrigation water use efficiency
was found to be 42 percent which implied that whkrother inputs remained constant,
the current output could be produced using, onamesr58 percent less irrigation water.
It was concluded that farmers’ technical traininggreenhouse management, investments
in water saving technologies and the existence fefrtagation technique on farm had a
significant and positive effect on their level dfi@ency. However, Irrigation Water Use
efficiency (IWUE) was significantly and negativeffected by the proportion of total

farm land allocated to greenhouses (Fetjal, 2009).
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2.4.2 Inefficiency arising from underuse of resoures

Inefficiency also arises from under utilization @fisting resources. For example, in a
study by Ekunweet al (2008), it was shown that resources such as labdy, fertilizer
and planting materials were underutilized undediti@nal practice of Yam farming in
Nigeria. Therefore, it was in conclusion that agiteral production could be improved
by efficient use of existing resources. Most pradacalso underutilize labor especially
for harvesting but were efficient in allocation ather resources, therefore potential to
increase yield exists if producers could be mofigieht under the present technologies

(Ayanwale and Abiola, 2008).

Similarly, Ogundari and Ojo (2008) reported thaéerth was considerable room for
improvement in the Maize-Yam crop production undaungya farming of Nigeria
whereby technical efficiency could be increasedlByo through better use of available
resources in the studied area. About 75% of thi@tans in output from the frontier
were attributed to differences in the farmer's techl efficiency; the resource
productivity revealed that farm size and numbetreés, labor and operating expenses

were significantly associated with changes in thigot of the respondents.

2.5 Farm size, institutions and efficiency

The majority of studies of agricultural productwin developing countries support the
view that there is an inverse relationship betweertductivity and farm size (Berry and
Cline, 1979; Barrett, 1996). If this is so, thendareform could contribute to improving

both equity and efficiency in agriculture. Most @ifch studies, however, are based on
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partial measures of productivity such as yield Whare biased in favor of small

producers. It is likely that the inverse relatioipstvould be less pronounced, or perhaps
even reversed, if a measure of total factor pradiagt(TFP) were used instead. It has
also been suggested that the inverse relationslgptweaken in a region characterized

by rapid modernization.

Helfand and Levine (2004) explored the relationshgiween farm size and technical
efficiency in the Center-West of Brazil which igegion characterized by high levels of
modernization and highly large farms. In their stuthey showed that the relationship
between farm size and technical efficiency was mooenplex than an inverse

relationship where productivity falls as farm sizges, it was found to be a U-shaped
relationship whereby for farms up to about 1000-204, efficiency did fall as farm size

rose, but beyond this size it started to rise agéite most important reasons why the
inverse relationship broke down related to prefeaénaccess by large farms to

institutions and services that help lower ineffieg (such as rural electricity, technical
assistance and access to markets) as well as mteresive use of the technologies and
inputs that raise productivity. Hence the recomnagiod for access to institutions and
goods that are often provided by the public sec®rthey are key determinants of

differences in efficiency

In agreement with this finding are Gorton and Dava (2004) who argue that
improving the institutional environment for sma#irins will be more beneficial than

appeals for farm amalgamation. In their study topare performance of family farms
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and corporate farms, it was concluded that theneoiclear cut evidence of corporate
farms being inherently less efficient for all fangiactivities than family farms. Where
significant differences have been found in favorfarily farms against the average
corporate farm, the best corporate farms still ten@gerform as well as the best family

farms.

Farm size is seen to have a positive impact onativiexchnical efficiency in Dutch pig
farming. This was reflected by the number of exg of land put into use and this result
suggested that large farms, ceteris paribus wargydeetter overall more efficiently than

small farms (Oude-Lansink and Reinhard, 2004).

Similarly, Olson and Vu (2009) showed that farmes{as measured by the log of farm
income) was the only explanatory variable constbteassociated with higher technical
efficiency unlike other explanatory variables thadried between analysis methods.
Farmers with large farm sizes were also most teahmfficient with a mean of 0.8877
followed by medium farm size with a mean of 0.868%le small farm size had the least
mean of 0.8638 in a study examining technical efficy of poultry egg production in

Ogun state, Nigeria (Yusuf and Malomo,2007).

In a conditional analysis of the relationship bedweechnical efficiency and size, a
positive and significant relationship between tectin efficiency and size was also
indicated in a study by Alvareand Arias (2004) in Spanish dairy farming. The gtud

controlled for the effects of output prices, inputces, and quasi-fixed inputs, as
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suggested by theory. The unconditional relationbleifsveen technical efficiency and size
was positive as well but stronger than the cond#ioone. It was concluded that
conditional analysis is a part of the efficiencygesipuzzle and that the relationship

between technical efficiency and size might becaée by farm heterogeneity.

Diseases such as HIV/AIDS also have a role to plathe efficiency-size puzzle. For
example, in evaluation of the impact of the heatdtus of farm households with respect
to HIV/AIDS on their cropping patterns in Nigeriadeoti and Adeoti (2008) reported
that HIV/AIDS has led to decreased farm sizes beingivated by HIV affected
households due to shortage of family labor. Ths fegulted in a reduction in the variety
of crops cultivated while the average gross reveauerage gross margin and farm profit

on non-HIV affected households remained higher.

2.6 Farm and farmer specific determinants of techrual efficiency

Exploring the determinants of technical efficienoy technical inefficiency allows
indicating the human and physical resources thatt el targeted by public investments
to improve farm efficiency hence better policy mention (Haji, 2006). In his study to
measure technical, allocative and economic eff@esn of small-scale vegetable-
dominated mixed farming production system in twstritits of eastern Ethiopia, Tobit
analyses were used to identify what causes effigielifferentials among sample farmers
and results showed that the level of the obsereelnical efficiency was significantly
affected by asset, off/non-farm income, farm siegtension visits and family size,
whereas asset, crop diversification, consumptioperditures and farm size had

significant impact on allocative economic efficiees
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The importance of off-farm activities was also capt by Chavast al (2005) in

Gambia who reported inefficiencies at the houselwldl rather than the farm level. In
their study, Technical efficiency was found to faly high indicating that access to
technology was not a severe constraint for most faouseholds. Allocative inefficiency
by contrast was found to be important for the majaf farm households. On the basis
of the Tobit results analysis, imperfections in ke&s for financial capital and nonfarm

employment contributed to significant allocativefirciency.

In Bangladesh rice farming, large families werenduo be more inefficient, thus
highlighting a hidden unemployment problem. It vedso found that those farmers who
had better access to input markets, and those whtess off-farm work, tended to be
more efficient. Age, education, experience, saitilfy, extension and training did not

have a large influence on efficiency levels (Costlal, 2002)

Additionally, Wadud and White (200&hile comparing stochastic frontier methodology
and DEA for rice farmers in Bangladesh, also exachitechnical inefficiency as a
function of various farm specific socioeconomic téas; environmental factors and
irrigation infrastructures and found that the in@éncy effects in agricultural production
were positively influenced by the irrigation inftagture, i.e., diesel-operated irrigation
schemes. Electrification programs in rural agriedt production were also critical in
reducing the technical inefficiency in productiamdasoil degradation increased technical
inefficiency. Farm-specific attributes such as fdueners’ level of risk attitude, the farm

manager’s gender, age, education and family labodowment were important
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considerations in explaining allocative, techniaall scale inefficiencies (Dhungaea

al., 2004)

In measuring the technical efficiency and its deieants in vegetable farming in
Turkey, Bozoglu and Ceyhan (2007), reported thattiriables of schooling, experience,
credit use, participation by women and informatsmore negatively affected technical
inefficiency. However, in their study, age, famsize, off-farm income and farm size

showed a positive relationship with inefficiency.

Years of experience and education also had aip®sffect on technical efficiency
while household size negatively affected efficiemaypoultry egg production in Ogun
state, Nigeria. Majority of the farmers were alstatively efficient and their enterprises

were found to be profitable (Yusuf and Malomo, 2007

Consistent with other study findings, the factaard to increase the efficiency level of
farms and the sustainability of the farming systariMatale district of Sri lanka were a
higher number of farm visits of extension officerapre farmer training and more
experience, as well as less sloping land and higpecies diversity in the study area.
However, unlike in other studies, higher educatemel decreased the efficiency level as
well as more off-farm income sources. Constrainishsas, productivity, market,

technology, and institution related constraintstiedhe decline of farmers’ income from
spice-based agro forestry thus the un-sustainalolitthe spice based agro forestry

system (Lindarat al.,2006).
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2.6.1 Farm and farmer specific determinants of wateuse efficiency

In the few studies that have examined the relatignisetween sub-vector efficiencies for
water and various farm or farmer characteristiggore Farm size, landownership,
fragmentation, the type of irrigation scheme, cadwice and the irrigation methods
applied to have a significant impact on the sultemeefficiency for water. It is suggested
that introduction of water charges could be a &igfpr more efficient water use

(Speelmaret al, 2008; Diazet al, 2008).

Studies that have analyzed the efficiency of adiucal production in developing
countries (Haji, 2006; Malana and Malano, 2006; \@is&t al.,2005; Abayet al.,2004;
Binamet al.,2004; Dhunganat al.,2004; Binamet al.,2003; Coelliet al.,2002; Wadud
and White, 2000; Shafig and Rehman, 2000; Reinbtal,. 2000; Helfand and Levine,
2004; Lansinka and Reinhard, 2004; Bozoglu anch@ey007; Aregat al,2006), have
mainly focused on mono-cropping of major food crdige rice, maize or wheat or on
cash crops like coffee and tobacco. Besides, thiegkes have not specifically focused
on the use of water. This study focused on wdberwhich the sub-vector efficiencies
were calculated and analyzed. This is relevantrgihe growing pressure on the water

resource due to scarcity and multiple uses.
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CHAPTER 3: METHODOLOGY
This chapter contains the theoretical backgroundttie empirical approach chosen to
achieve the study objectives. The first sections@nés the theoretical framework on
which the analytical procedures used in this staidyanchored. The subsequent sections
present model specification and justification. Hyainformation on the study area,
sampling design, sample size determination, dali@aton and analytical procedures

conclude the chapter.

3.1 Theoretical framework

Two main approaches have been used to obtain @stiméatechnical efficiency namely
parametric and nonparametric [i.e. Stochastic keonAnalysis (SFA) and Data
Envelopment Analysis (DEA)]. The parametric apptoamnsists of specifying and
estimating a parametric production function (or dsal cost or profit function)
representing the best available technology (Ch&@35; Wadud and White, 2000). The
Stochastic Frontier Approach was proposed by Aigreal., (1977) and Meeusen and
van den Broeck, (1977). This approach providesravenient framework for conducting
hypothesis testing, and the construction of comigeintervals; however its drawbacks
are the need to assume a functional form for tlomtier technology and for the
distribution of the technical inefficiency term aadition to the results being sensitive to

the parametric form chosen (Wadud and White, 2000).

The nonparametric approach was proposed by F&t@3l7), whereby a piecewise linear

envelopment of data, as the conservative estimattheo production frontier which
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envelopes observation points as closely as possieestimated by solving a system of
linear equations. Farrell’'s approach was genermlie multiple inputs and multiple
outputs and reformulated into a mathematical lipragramming problem by Charnes
al., 1978. The new approach came to be called datament analysis (DEA). It has
an advantage of imposing no a priori parametritricg®ns on the underlying technology

(Malano, 20086).

In the first step of the analysis in this papetadanvelopment analysis (DEA) was used
to calculate measures of efficiency following (Feraand Cordina, 1999) in which the
relationships between all inputs and outputs walkeert into account simultaneously
(Raju and Kumar, 2006). The method enables thearelser to determine the relative
efficiency of a farm and to examine its position rglation to the optimal situation.

Moreover, this methodology allows not only techhitait also sub-vector efficiencies to
be calculated; a measure that can be used to ispdgifmonitor the efficiency of an

individual input in this case water use which is thain aim of this study.

A second step of the study consisted of analyziveg determinants of the efficiency
measures following (Frijaet al, 2009; Speelmamt al., 2008). A Tobit model was

estimated as a function of various attributes ef fdrmers or farms within the sample,
allowing deduction on aspects of the farms’ humaah ghysical resources that might be
targeted by public investment to improve efficiendhe aspect of farmer groups i.e.
water users associations was incorporated as otteeaxogenous variables to find out

its influence on water use efficiency and this hasbeen the case for previous studies.
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3.2 The Variable Returns to Scale DEA Model

According to Bankeet al., (1984), the model takes the form;

DF “(x,y) = Min @*° {@’RS > 0}:

K
st Y Aynzy., m=1,...M
k=1
K
Ax < g™x n=1..,N
k=1
K
YA =1 A0, k=1..,K
k=1

Where, DF" is the Debreu-Farrell input-oriented efficiencyasere, The inputs of the
k™ DMU are multiplied by parametep®® to scale them down by the smallest possible
factor subject to the constraint that these mingaimputs must still be able to produce

the original output bundle. In other words, the @no construct &irtual DMU for each

of the DMUs in the sample using the others in tam@e. This virtual DMU is then
compared with the real one to determine how thediffer. The parameteg)™® is the
Farrell TE measure of thé" DMU under VRS andl is a (K x1) vector of weights

attached to each of the DMUs. The asterisk defihesDMU under investigation. The

K
first constraint requires that the weighted averaigtae outputs of all DMUEY® A*yy),

k=1
less the output of thé" DMU be greater than or equal to zero. This mehasthe output

of the virtual DMU being constructed has to beeaist(y, ) units. Similarly, the second

constraint requires that this virtual DMU should mse more thargx ) level of inputs.

K
The convexity constrainEAk =1 ensures that an inefficient firm is only benchneark
k=1
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against firms of similar size, that is, the progettpoint (for that DMU) on the DEA
frontier is a convex combination of observed DMU&is convexity restriction is not
imposed in the CRS case, hence in a CRS-DEA,; a ixay be benchmarked against

firms which are substantially smaller or biggenthigCoelli et al,. 1998).

In the case of agriculture, increased amountamits do not proportionally increase the
amount of outputs. For instance, when the amountvailer to crops is increased, a
linearly proportional increase in crop volume i necessarily obtained; one reason why
the variable returns to scale option was more gpm@te for this studyCoelli et al.
(1998) also adds that estimating technical efficyensing Constant Returns to Scale
(CRS) is only appropriate when all firms are opearatat an optimal scale, which in
reality is not likely due to factors like financiabnstraints and imperfect competition
among others. Such estimations result in meastiresionical efficiency confounded by
scale inefficiencies. The variable returns to s¢®IRS) specification permits technical

efficiency measures devoid of scale inefficiencies.

The inputs considered in this study were quantitwater used for irrigation in flabor

in man days, land in acres, seeds, fertilizer aestipdes in terms of expenses. For
different outputs by farms both quantities and egponding prices were obtained. Total
output was then converted into monetary terms &siex comparison purposes across

farms following (Speelmaat al, 2008 and Frij&t al, 2009).
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3.2.1 Sub-vector efficiencies

Sub-vector efficiency is the efficiency with regaadan individual input. It is assumed
that it is possible to reduce or minimize an inpay X in this case water, while holding
other inputs and outputs constant. The conceptslabithe possible reduction in a subset
of inputs, holding all other inputs and outputs stant (Oude-Lansink and Silva, 2004,
2003, 2002; Faret al, 1994). For calculating the efficiency of amlindual input in
this study, sub-vector efficiency measures wersothiced and calculated in GAMs in
order to generate technical efficiency measuresvider rather than for the entire vector

of inputs.

According to Reinhard (1999), the standard radedju{-proportionate) measure is
incapable of identifying the efficiency of individuinput used, since such a measure
treats the contribution of each input to productieficiency equally. Individual
efficiency is a non-radial notion of input efficien measure and it allows for a
differential reduction of the inputs applied. A r@adial contraction of the sub-vector
input only, holding all the other inputs and outgonstant is also suggested by Bl

al., (1994) and Reinharet al, (2000). This is demonstrated by the figure below
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Fig 3.2 input oriented water use efficiency
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And in LP form, the equation above becomes;

D, (x,y,z) = Max ¢ {¢ 2 0}:
@

K

st Y Aynzyn, m=1...M
k=1
< k 5k -1_*
;/l zi<g'z,, ji=1...,J
K *
D AXE < X, n=1...,N
k=1
K
Y A=1 A=z0, k=1..K
k=1

where,y is a vector of output quantities (in this case poooitput in terms of expenses)

for the K" farmer;x is a vector of conventional input quantities foe #{' farmer (these
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being labor in man days, land in acres, seedsiliZert and pesticides in terms of
expenses) and is the (LxJ) vector of water used for irrigation in®*mPhi (¢) is the

Shephard input-oriented distance measure (invefséhe Farrell measure) and the
asterisk (*) indicates the particular DMU under sioleration. Note the inequality sign

() in the equation on the water, is an indicaticat thater is still an input.

3.3 Tobit model

After calculating the efficiency measures, the n&ep was to identify the determinants
of inefficiency, something commonly done by estimgta second-stage relationship
between the efficiency measures and suspectedlateseof efficiency (Barnes, 2006;
Chavaset al, 2005; Binamet al, 2003). Since the efficiency parameters vary betw
zero and one, they are censored variables andatflabit model was used. In this case,

efficiency estimates lie between 0 and 1, hencetivet of truncation is 1.

The dependent variable is not normally distributgdge its value lies between 0 and 1.
Estimating the model using OLS only, would produm#h biased and inconsistent
estimates even at asymptotic levels Gujarati (2008)ore specifically, OLS
underestimates the true effect of the parametbead,i$, it attenuates the slope thus the
method of maximum likelihood is recommended for iTa@nalysis. Therefore, as a
second stage in this study, a set of variables welected as potential determinants of
IWUE. Tobit regression was used, which is an a#Bwe to ordinary least squares

regression (OLS) for situations in which the depsmdrariable is bounded from below
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or above (or both) either by being censored, octmner solutions (Frijat al., 2009).
Accordingly, for the purposes of this study, thep@mmal model takes the form;
© ' =Po+ BrZu+ BoZat By Zj +e

O*ifo<co" <1

0ife"*<0

1ife*>1
Where© ¥ is the DEA sub-vector efficiency index for watesed as a dependent variable
and Z is a vector of independent variables relébedttributes of the farmers within the
sample.
Thus the estimated model for this study is;
O *= B+ rage+BoHHSIZe+Paarea curtPacrop choicpsgender+

Beedu+psDi+ BsD2+ Bofragmntn index fiouser grp+ e

In the Tobit analyses various farmer or farm speddctors were regressed on the sub-
vector efficiencies for water. The vector of exoges variables included ; age of the
farmer (in years), gender (dummy variable taking farmer is male and O otherwise)
and household size (number of members in the holdglas well as socio-economic
characteristics like education (dummy variable rigkll if farmer minimally attended
primary education and 0 otherwise), cultivated gteéal area in acres), crop choice
which is the farmer profit per frand a land fragmentation index(Simpson index ddfine
as the sum of the squares of plot sizes dividethéysquare of the firm size, with higher
values of this index indicating more fragmentatio8jnce this study considered 3

irrigation technologies, two dummy variables wangaduced wheref}8 ang9 are the
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coefficients for the dummy variables included foigation techniques (Dummy variable,

D;=1 for sprinkler and zero otherwise, whilp=1 for drip and zero otherwise). Bucket

was controlled and used as the basis for compariSorthermore, a dummy variable

taking 1 if farmer participated in a water groul aero otherwise was also included.

It is important to mention at this point that, sowa&riables like gender, age of the
household and size of household cannot be considergolicy changes, since they are
either fixed or take long periods of time to changewever, their inclusion is important

because it shows the relationship between effigiemeasures and these variables

following (Mulwa et al, 2009)

3.3.1 Further tests

To get better insight in the differences betweean rtieasures obtained, some statistical
tests were also obtained. First, the correlatidwéen the calculated efficiency measures
was assessed using Pearson correlation statiSecend, the relationship between sub-
vector and overall technical efficiency measures wtatistically tested using a paired
sample t-test. For comparison net profit pet ah water, which is another often used
measure of water use efficiency, was also caladlbeEause it is also used in this study
to arrive at levels of crop combinations. Correatibetween this measure and the
obtained sub-vector efficiencies was assessed tisn§pearman correlation coefficient.
The test of correlation between variables usedénTobit regression was also done and
further confirmed through a multicolinearity teseé appendix 1) which showed absence

of co linearity between variables used.

36



3.4 Research design

3.4.1 Study area

Data was collected from small-scale irrigation farmsituated in the Naivasha basin
which touches on the Rift valley and Central proes from March to April 2010. This
catchment area has been subdivided into elevenr was®urce user associations or
groups each occupying a given area of the basimrdsrer management purposes. The
associations are namely, Upper gilgil, Middle MatewUpper Malewa, Wanjohi,
Mukungi, Upper Turasha, Lake Naivasha, Lower gil¢flariba, Lower Malewa and
Karati. The water resource management authorithisfregion has come up with these

subdivisions as a way to involve communities of @iriea in water management.

The most important economic activity in this arelaaracterized by high unemployment
and low education level, is irrigated agricultureldhe entire basin is of high agricultural
potential. The common farming system is mixed ceopl livestock production and
farmers mainly grow vegetable crops such as caroaiisbages, potatoes, garden peas,
French beans and snow peas using simple irrigatiethods such as bucket, sprinkler

and drip.
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Figure 3.4 map showing Lake Naivasha basin
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3.4.2 Sampling design

The upper Malewa and lower Malewa regions compyisih Wanjohi and Naivasha
divisions were purposively selected for this stadyit is here that you find intensive
small scale irrigation unlike in the other sub oeg. Five villages namely mahiga,
huherio, gatondo, kirima and marula were randomleded out of which households
were listed and stratified into water use group e and non water use group

members.

Probability proportionate to size sampling wasnttapplied to arrive at the desired
sample of 220 farmers which was calculated usieg@bchrane formula. This involved
summing up the size measures of the populationiwtoialled to 1200 households. This
was followed by determining the sampling intervedtgl population/ sample size i.e.
1200/220 to give approximately 6). A random staaswhen selected using a random
number generator. The random start was a numberebatl and 6 which acted as the
starting point after which identification was dateoughout the population in multiples

of 6 to arrive at individual farmers.

Semi structured Questionnaires were used to ¢olleta, with a total of 220 farmers
being interviewed. However, nineteen questionnaivese dropped for lack of adequate
information for analysis; the DEAP program usedatave at the technical efficiency
measures rejected all the DMU’s with a zero outprice the final sample included 201
sample farmers, who were considered for this stldying the interviews information

was gathered on the farmers household charactsrigarm activities, quantities and
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costs of inputs used in production, quantities ealde of output, the quantity of water
used, involvement in farmer groups and irrigatioacgices. For the different outputs both
guantities and corresponding prices were obtaifiethl output was then converted into
monetary terms, the inputs considered in the efficy analysis included land (acres),
irrigation (nT), labor (man days), seeds (expenses) fertilizexpgnses) and pesticides

(expenses).

3.4.2.1 Determination of sample size
The appropriate sample size was arrived at usiagtbchrane formula (1963) given as;

A
-

No = z%pg
E':

Where:

N=is the sample size

7%= is the abscissa of the normal curve that cutsmtirea at the tails (equals the desired
confidence level e.g. 95%)

e= the desired level of precision

p= the estimated proportion of an attribute of iestrin the population which was
estimated to 0.82 which was the percentage of dipelption using water for irrigation.
g=1-pi.e. (1-0.82) =0.18

The value forzis found in statistical tables which contain theaaunder the normal curve

3.4.3 Data collection
Both primary and secondary data used in the stualy eollected between March and
April 2010. Primary data were collected at farmelewhile secondary data were

collected at institutional level mainly from LANARUJoffices in Naivasha.
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3.4.3.1 Data collection instrument

The main data collection instrument was a houseblaldey questionnaire directed at
two hundred and twenty sampled households. It aoedaboth closed and open ended
guestions which required careful probing in intews. The main respondents to the
household survey were the household heads or speinses. The issues raised at farm
level included household characteristics, water-issees, food crops grown and the

expenses of inputs incurred where necessary.

Five enumerators with training up to at least sdeoy school level and the ability to

communicate effectively in English, Kiswahili anachl languages were selected. They
went through a training which involved explainifge taim of the study, the meaning and
implication of each question, interviewing skillscatime management during interviews
which was done using Kiswabhili. A total of 20 smsadlale irrigators were interviewed

during the pretest exercise and this enabled ma#me of the questionnaire in order to
strengthen its reliability in actual data collectioSubsequently, the semi structured

guestionnaire was administered in a single vis@2¥ farmers.

3.4.3.2 Problems encountered during data collection

A major limitation for this study was that the faera here do not keep records
concerning their farming activities, so data gatdeduring interviews was based on their
recollections. Therefore, the expert knowledgehef WARMA staff and local leaders

was used as a supplement to the recollections effdhmers, something that was

particularly helpful especially for the estimatiohthe water use.
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Water abstraction for farming is a contentious éssuthis region hence the enumerators
were treated with a lot of suspicion by the locainiers and hence were required to
clearly explain that the information gathered wobé&ltreated as confidential and for the

sole purpose of research.

Water measurement was also difficult and tedioughvimvolved measurement using
buckets in liters per the duration of time farmeese irrigating then converting into®m
of water used, the expert knowledge of the WARMa&ffstame in handy and the survey
was fortunate to be carried out the same time thReRWA officers were measuring

water abstraction and use by the small scale faxmer

3.4.3.3 Data analysis

Data analysis was done using Stata, DEAP prograin GAMs. DEAP was used to
arrive at the technical efficiency scores for alinis while GAMs was used to arrive at
the sub-vector efficiencies for water for everynfaiStata on the other hand was used to

conduct the Tobit regression to assess the detamsiof water use efficiency.
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CHAPTER 4: RESULTS AND DISCUSSION

The study evaluates general technical efficiencgtew use efficiency and ascertains
important factors that influence it with a viewitoprove water use efficiency and water
abstraction sustainability in small scale irrigatof the lake Naivasha basin. In pursuit of
this objective, this chapter presents and discugsgsfindings from the study. The
chapter is organized as follows: the first sectyives a brief description of important
characteristics of small scale irrigators and ti@ming activities. This is done to pave
way for better understanding of what drives efficiz The second section presents
technical efficiency estimates, further tests tdaedwine the relationship between
technical and water use efficiency and factors @&rpig the observed efficiency. This is
followed by discussion of the main results on techln water use and factors affecting

efficiency.

4.1 Description of small holder irrigators in the Naivasha basin

4.1.1 Farmer and farm characteristics

Descriptive statistics presented in Table 4.1 iawdicthat the average age of the small
scale irrigators was 43 years: the youngest wageats old and the oldest was 76 years
old. Eighty six percent of these small scale iioga are male while only fourteen percent
are female. At least sixty seven percent of howde heads had acquired primary school
education indicating that the average educatioal levthis region was low. The average
family had four members while those on the highde $iad up to seven members and
those with a minimum having only one member. Absaventy percent of farmers

interviewed worked full time on their farms withlgraround twenty percent having off
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farm income from other activities. The common latehure arrangements were
individual ownership from inheritance and withditlleeds (91 percent) while communal,
rental fell under only 9 percent. In terms of waise groups, about 88 percent of farmers
were voluntarily involved in these groups while ypAP percent were not indicating that
most farmers were embracing this new idea of conityumanagement in natural
resource use. Fifty four percent of farmers indidathat they were in irrigation farming
to meet their subsistence food requirements windarad forty six percent reported that it
was for income generation.

Table 4.1 Summary statistics for continuous variables usdtie Tobit regression

Continuous variable, mean Std. Dev. Min Max
Age 43.44 14.02 21 76
HH size 3.85 1.15 1 7
Acres 2.45 4.29 0.25 30
Simpson 0.27 0.21 0 1
Crop 35.61 118.46 -290.58 708.5
choice(profit/n?)

Source: own survey, 2010

Table 4.1.2:Summary statistics for dummy variables used inTibieit regression

Dummy Number of| percentage Number ofpercentage
variables farmers D=1 farmers D=0

Gender 172 86% 29 14%
Education 135 67% 66 33%
User group 177 88% 24 12%
Irrigation techl | 159 79%

Irrigation tech2 | 33 16%

Irrigation tech3| 9 5%

Note irrigation techl=sprinkler, tech2=drip, tectbBcket

Source: own survey, 2010

The farmers in this area of study mainly grow vabkt crops using simple irrigation
techniques such as bucket, sprinkler and drip. &gddy potatoes, garden peas, snow
peas and carrots are widely planted, with carretsgpproduced by 70-90 percent of the
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farmers. In terms of crop combination, cabbagesptsaand potatoes appear to be the
most important crops in this region. The degretaoh fragmentation is moderate with a
few farmers on the high side as they divide theid§ into several plots, growing about
three different crops on average. Furthermore, ila@ation in input use and output
produced is considerably large. The range in lamdss from 0.25 to 30 acres, crop
choice and fragmentation partly explains this @@@mary on inputs and outputs). Water
use for instance varies between 41and 6912 mfor a single season while seeds range

from Ksh 120 to Ksh 62587 in terms of costs forshme duration.

The value of mean yield realized was Ksh 60,318 aiminimum of as low as Ksh 100
reported mainly due to bad weather hence losseokttiire season. This was especially
for farmers who grew maize alone. Expenditure ostipieles was averagely Ksh 1907
with a minimum and maximum of Ksh 100 and Ksh 17d€Xpectively. For fertilizer, the
mean was Ksh 2919 with a minimum and maximum of K80 and 30000 respectively.
Labor was sourced from own family for most of tmeps (80 percent) apart from crops
such as carrots which required hiring especiallynduharvesting. Mean labor was thus

76 man days per farm with a minimum of 9 and maxmaf 897 man days.

Table 4.2: Summary of inputs and outputs used in efficiencalysis

Mean Std. Dev. Min Max
Output(Ksh) 60318 126482 100 1362000
Pesticides(Ksh) 1907 2376 100 17100
Fertilizers(Ksh) 2919 3935 100 30000
Seeds(Ksh) 3823 5159 120 62587
Labor(man days) 76 86 9 897
Water(n) 1532 1303 41 6912
Land(acres) 2.85 4 0.25 30

Source: own survey, 2010
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4.2 Technical and water use efficiencies in the Naisha basin

Figure 4.2: Overall technical and water-sub-veefticiencies
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The bar graph above indicates the frequency digtdb of the efficiency estimates
obtained by the DEA methods. The average overahrtieal efficiency for the VRS
DEA approach was 0.63 indicating that substantiafficiencies occurred in farming

operations of the sample farm households.

The sub-vector efficiencies for water demonstrageein larger inefficiencies. It is clear
that a large percentage (45 percent) of the saniptetkrs had their water use efficiency
scores lying between 0-10 percent. Average wafeiericy was only 0.31, again it is
clear that more farms were highly inefficient iretbse of water compared to overall

technical efficiency.
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Table 4.3 gives the correlation statistics betwsdn-vector efficiency for water and the
overall technical efficiency, which help to detenmithe relationship between the two
efficiency measures.

Table 4.3 Pearson correlations between efficiency measures

Technical efficiency Water efficiency
Technical efficiency 1.00
Water efficiency 0.769 1.00

Source: Own survey, 2010

Correlation was high and positive indicating thab-sector and overall efficiencies are
linked but clearly capture different aspects offficency. A paired sample t-test (Table
4.4) further analyzed the equality between subereefficiencies and overall technical
efficiencies and the test revealed that sub-vegffoziencies for water were significantly
lower than overall technical efficiency measuresciwhmplied that in terms of water use

farmers failed to reach their overall efficiencydé

Table 4.4 Paired samples t-tests demonstrating the difteréetween overall technical

Efficiency and sub-vector efficiency

Mean Std dev t statistic
Technical efficiency 0.6328 0.2728 18.7***
Water efficiency 0.3194 0.3712 18.7***
Difference 0.3134 0.2375

Note: *** indicates a 99% significance level.
Source: own survey, 2010

Net profit per mi (which is another often used measure of water affieiency), is
35.6ksh/m on average with a standard deviation of 118.5k¥sée table 4.1). Looking

at the correlation between the sub-vector effigjemeasures and the net profit pet, m
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the Spearman correlation coefficient is 0.31 meganihat the two measures are
independent. This confirms that the net profitpiis not that well suited as an indicator

of efficiency.

4.3 Farm and farmer specific factors influencing weer use efficiency

The results of the Tobit regressions identifying tiaracteristics that influence the sub-

vector efficiencies for water are presented in &abhb below.

Table 4.5 Tobit estimates of determinants of sub-vectocefhcy

Coefficient t p-value
Age 0.0028 1.06 0.288
Household size 0.0245 0.76 0.448
Area cultivated(acres) -0.0010 -0.10 0.924
Simpson index -0.3149 -1.85 0.065*
Crop choice(profit/m) 0.0014 4.55 .000***
Gender -0.0017 -0.02 0.986
Education 0.0424 0.64 0.522
User group 0.0160 0.18 0.856
Dummyl=sprinkler -0.1794 -2.80 0.005***
Dummy2=drip 0.2365 2.06 0.039**
constant -0.2288 -1.00 0.316
No of observations: 201
Wald chf: 57.89
Prob > chi'0.0000
Pseudo R: 0.1279
Log Likelihood: -132.58

Note: *** indicates a 1% significance level, ** 8% and * indicates a 10% significance
level.
Source: own survey, 2010

Results for the Tobit regression model (Table 4&Byws that the model is highly
statistically significant (a p-value = 0.000) shogithat it fitted the data well. The test
statistics for joint significance of all variablesthin the model (LR and Wald statistic)

also confirmed that the Tobit model was significant
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With regard to the individual variables, the reswdt the model with VRS specification
showed consistency with other studies. Farmerstagiteristics (gender, age, education,
household size) were not significant, whereas ttag choice was significant. The
cultivated area though not significant negativeiffuenced water efficiency, while crop
choice had a positive effect on the efficiency measLand fragmentation which is
shown by the Simpson fragmentation index was St at 10 percent, with a p-value
of 0.065 and had a negative effect on the sub-vexfwiency for water. The dummies
for the irrigation methods, were both significanithwthe sprinkler method having a
negative effect on water use while drip irrigatipositively influenced water use

efficiency.

4.4 Discussion

The results of the DEA show that substantial icefficies occurred among smallholder
irrigators within the study area and this is cotesis with previous water use efficiency
studies such as Frijt al., (2009) and Speelmaat al, (2008). A further similarity with
these two studies is that the average water usgegity level always remains lower than
the average technical efficiency levels. This fartbonfirms that the main problem in the
area is not the shortage of water but the managearah allocation of the resource

between multiple users and uses.

It is apparent that efficiency in water use hasbesn attained and there is lack of strong
institutions and organization in management whigim{s to an uncoordinated framework

of management. For example, a recent meta-anabysi8ravo-Uretaet al, (2007)
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showed that in less developed countries, mean sali¢echnical efficiency per study
averaged about 0.74. Moreover, given the poor padace of the type of irrigation
schemes in the areas mentioned in several stulR@RI(D, 2000; Shatet al, 2002;

Perret, 2002), substantial inefficiencies were elgx

Secondly, when looking at the water use efficienbog, results indicated that farmers falil
to reach their overall technical efficiency levefs indicated by Nsanzugwanlat al,
(1996), and Speelmaet al,(2008) this might be explained by the absencerafing
mechanisms for water. Farmers at this moment haviimancial incentive to limit their
water use or to invest in water saving technolodies to the common pool nature of the
water resource. The gradual introduction of watearges through water meters for
farmers in this region, which is planned for thenaog years, can probably be a trigger
for more efficient use. With water efficiency lévestanding at only 31 percent for this
study, this implies that when all other inputs rem@onstant, the current output could be
produced using, on average, 69 percent less iwmgatater; hence the implication that
there appears to be a considerable scope for reglube water use, even with the

technology currently available.

This means that if efficiency improves, it shoullgnssible to reallocate a fraction of the
water to other water demands without really endangeproduction or the role small-
scale irrigation might play for rural developmeBesides, correlation tests showed that
poor performance regarding water use efficiency amerall technical efficiency are

somewhat linked. This can be explained by the vibé irrigation water plays in the

50



production systems under study as one of the miaputs to production. However, this
finding also implies that the introduction of wafeices can be a threat to the viability of
the poorer performers, because they will be mdsettdd by this additional cost and their

farming activities might become financially unviabl

Thirdly, the results of the Tobit model show tha trop choice has a significant impact
on the sub-vector efficiency for water. The cultecharea had a negative impact on the
sub-vector efficiency for water. Haji, (2006) alsgported such a negative impact on
overall technical efficiency, attributing it to thabor intensive character of the type of
vegetable production he studied. Speelratal, (2008) too reported a negative impact
of cultivated area on the sub-vector efficiencyv@ter which was said to be inconsistent
with the increasing returns to scale for the oveaeahnical efficiency they found in their
DEA outcomes and this explanation would be accefatethis study. However, the Tobit
model only considers the sub-vector efficiency. amgmtly, the relationship between
cultivated area and the totality of farming actest is different from that between
cultivated area and the use of water. Thereforthéurinvestigation on this matter is

needed.

The highly significant and positive effect of crepoice on sub-vector efficiency for
water supports the call for selecting crops withhler profits per rof water used or for
water saving irrigation technology. Fragmentatias b negative effect under the variable
returns to scale specification, indicating that, &certain size of operation, the sub-

vector inefficiency for water is lower if the fan®less fragmented. This is due to the fact
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that irrigation can be managed more efficientlylanger plots (Wadud and White, 2000;
Speelmanet al, 2008). The results also indicated that the dussnfor irrigation

technologies are highly significant meaning tha tfhoice for the irrigation method to
use is of prime importance. For instance, farmesmgu sprinkler irrigation method
(which is the most commonly used 79 percent ofltetanpled farmers) negatively
influence the sub-vector efficiency for water whitese using drip irrigation positively
influence the sub-vector efficiency for water. Hentis further supports the call for

selection of water saving irrigation technologiastsas drip.

Some other variables are not significant. For elameducation has no significant
impact on the sub-vector efficiency for water. Thgsconsistent with studies such as
those of Haji (2006), Coelbt al, (2002), Speelmaet al, (2008) and Wadud and White
(2000). The explanation of Coeét al, (1998) that this could be due to the low average
education level in the sample is also acceptahighis study. Dhunganat al, (2004)
and Binamet al, (2004) in contrast reported a significant pesiteffect of education on
efficiency for some of the regressions they perttmpossibly pointing to a slightly

higher average education level in their samples.

Farmer’s age also does not contribute significatdlya higher level of efficiency either.
A possible explanation is that the two effects @& and experience neutralize each other
whereby older and more experienced farmers have koowledge on their land and
traditional practices, but are less willing to adapw ideas. Sometimes one of the two

effects dominates, accounting for the mixed result$iterature for the effect of age
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(Speelmaret al, 2008); negative in the study of Wadud and W(f@00) and Binanet

al. (2003), but positive in the study of Dhungaatal., (2004). In this study, experience
was not measured and so an age-experience interaetm could not be included to test
the hypothesis above. Consistent with (Coetlal, (2002), the effect of family size is
not significant. On the other hand, Haji (2006) @tdunganaet al, (2004) reported the
effect of family size as negative. For gender mgniicant effect can be shown and
finally, the effect of collective action (user gmuwvas not significant in this study and
this could be attributed to the fact that the issiu@ater resource use groups is still a new
idea in this region and it is still in the initiai stage. Therefore nothing much has been

done through these groups formation and the colkeeiction is still new and weak.
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CHAPTER 5: SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
This chapter highlights the key findings of thedstuConclusions and recommendations
are then drawn on technical and water use effiegsna light of experiences of the small

scale irrigators from the Naivasha basin. Finahgas for future research are proposed.

5.1 Summary

The global area of wetlands has decreased at asasing rate due to the conversion to
agriculture, urban and other uses which has prafoecological impacts at local and
global scales as well as significant social ancheadc impacts on resource users. There
is growing international awareness of the importaatvalue of natural resources such
as wetlands in the lives of rural communities tlgtwaut the world and water resources
development and management is imperative for swdtde agriculture. Water is
critically important to the livelihoods of many pdptions especially the rural poor
primarily engaged in agriculture. In many develgpgountries, water is a major factor
constraining agricultural output and their incomadditionally, a large percent of the
world’s food supply comes from irrigated agricuéuand agriculture is the single largest
user of fresh water on the planet and it is alsol#ingest economic activity of the rural
poor. Therefore, improved water management forcatitire through efficient use can

improve the livelihoods of a great proportion o tlural communities.

Since water resources have become increasinglgescuere is need for an institutional
framework to ensure sustainability and social optimuse which to a certain extent has

called for the collective action through user gmwgich has yielded desirable results in
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terms of better up-keep of irrigation infrastruetuefficiency in water resource use,
financial viability, improved productivity of irrigtion and overall sustainability in some

parts of the world.

In Kenya, wetlands continue to be degraded andduostto pressure from agricultural
and development activities. For the Naivasha bassobserved that the main problem
in the area is not the shortage of water but theagement and allocation of the resource
between multiple users and uses. This is evidebgethe low water efficiency results
and the significant variables of poor crop chojeor choice of irrigation technologies

and the high level of farm fragmentation which rtegdy influence water use efficiency.

It is apparent that efficiency in water use hashe#n attained and there is lack of proper
institutions and organization in management atfémm level. Therefore various stake
holders in the basin have organized themselvesotnectogether in management to
promote sustainable use of water. This is seervideerced by the current farmer group
formation higher in the catchment in efforts toiarat a coordinated system of
management which is important in that it is the erppatchment farmers who are
indirectly responsible for maintaining the wateflow into the rivers because their

farming activities eventually affect the systemsitojogy.

Since irrigation water is one of the important itpuo production in this basin,
overcoming possible constraints to efficiency suse will contribute to sustainable use

of farm resources hence achievement of overallnieeh efficiency. For this goal to be

55



accomplished, detailed empirical information waquieed on the existing efficiency
levels as the prevailing technical efficiency was known and the determinants to water
use efficiency were not clear. This study hypothesithat despite some progress in
water resource management in this basin, smalle stainers were still water use

inefficient and there was considerable room fornowvpment.

Therefore, this study endeavored to investigatethdrfarmers were water use efficient
and whether the effort made in calling for farmeoup formation had had impacts on
water use efficiency together with other explanatactors. The study aimed to evaluate
water use efficiency in the Naivasha basin withiawto identify important factors

influencing it.

A random sample of 220 small scale irrigator hbos#s was selected in 2divisions of
the Naivasha basin in March 2010. A semi structuyaestionnaire was used to collect
input and output data for this regions farming\atés for the year 2009. In addition,
data was collected on relevant socio economic factoypothesized to influence
efficiency. These were farmers’ education, age,dgenhousehold size, Simpson
fragmentation index, crop choice, irrigation tecjug and collective action of farmer

groups.

Descriptive statistics were used to facilitate eletarization of small holder farming in
order to understand what constrains efficiency atewuse. DEAP and GAMs computer
programs were used to arrive at technical and waderefficiencies respectively while

Tobit regression was used to determine factoraeniting efficiency.
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5.1.1 Summary of results

The average overall technical efficiency for theAD&stimated was 63 percent indicating
that substantial inefficiencies occurred in farmiogerations of the sample farm
households. The sub-vector efficiencies for watandnstrated larger inefficiencies lying
at only 31 percent while a large percentage (45} of the sampled farmers had their
water use efficiency scores lying between 0-10 gu@rcThe Tobit regression model is
highly statistically significant (a p-value = 0.00&nd the results showed that farmers’
characteristics (gender, age, education, housebdd, cultivated area) were not
significant, whereas the crop choice, Land fragma@gm and the dummies for the

irrigation methods, were significant .

5.2 Conclusions

This study showed that the smallholder irrigatiamfers in the Naivasha basin fail to
reach their overall technical efficiency levels amith regard to water use, their

efficiency levels are even lower. It appears thatiers have little incentives to use water
in an efficient manner in the absence of ownersigipts, a water price and the lack of a
coordinated system of management and allocatiothisrsense, the introduction of water
charges for these farmers, which is planned forcttmaing years by the water resource
user association of this region, could be a triglper more efficient use. There are

however indications that the effect of introduciagvater price might not be entirely

positive. The high correlation between sub-vecficiencies for water and the overall

technical efficiency give cause to worries aboet thability of the poor performers under

the introduction of a water price.
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On the other hand, the low efficiency estimateggsst that substantial decreases in
water use can be attained given existing technolagihout compromising the key role
in rural development played by small-scale irrigatiln this way there is room for lifting
part of the increasing pressure on water resoubgeseallocating a fraction of the
irrigation water elsewhere and the enforcementlasrthrough the newly formed farmer

groups could be of prime importance in this case.

The relationship between the sub-vector efficiefmy water and farm and farmers’
attributes in addition gives information to polinyakers and extension services on how
to better aim efforts to improve water use efficenFor example the positive and
significant effect of crop choice on the sub-veatfiiciency, should incite extension
services to encourage farmers to select cropshigter profit per mof water used. This
implies that farmers should be made aware of thg waderive this profit per mof
water used so that they have the most currentnrdon with regard to the prevailing
farm profit levels. Efforts should also be madeottent farmers towards appropriate
choice of irrigation technologies in terms of efiocy in water use and the desirable
level of farm fragmentation which should be in tamdwith the crops with a high profit

per n? of water used.
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5.3 Recommendations

Based on the findings of this study, it is suggedtat efficiency concerns especially in
the use of natural resources such as water beintetjrated in agricultural research and
policy formulation processes to ensure continued anstainable use and efficient
allocation of natural resources thus enhancing fmadlability and incomes for the rural
poor. As for the water act and the management pfatis region, they both fail to
guantify sustainability or define sustainable abodions. Therefore, with the water use
efficiency results obtained from this study, thisill be a good starting point to obtain a
drawdown that is socially, economically and ecatally acceptable for the entire basin
thus , the study proposes public policies which favorable and in line with better

management of water use.

From the findings of this study, it is recommendeat more emphasis should be laid on
orienting farmers towards appropriate choice oifgation technologies in terms of
efficiency, appropriate choice of crop combinatidas their farms with regard to the
prevailing farm profit levels and the desirabledkwf farm fragmentation which should

be in line with the appropriate crop choices made.

Further efforts should be directed on introductimin ownership rights over natural
resources such as water in order to encourage efficeent use. This could be through
introduction of water charges, installing water emst and also through better

management which is seen to be already taking shapegh farmer group formation.
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5.4 Suggested research areas

This study prompts the following areas for furthesearch:

This study appropriately used cross sectional tlatastimate water use efficiency in
small scale irrigation farming. However, cross &gl data does not capture changes in
efficiency over time as it only provides informatian spatial efficiency variations.
Changes in on-farm resources and factors affettiage resources such as weather and
other attributes important for crop production tagkace gradually over time thus
indicating the need for time series analysis whiabuld offer insights into temporal

variations.

The data used for this study was collected durningls visits, based on recall memory. A
cross sectional study designed to have multiplésviduring key operations such as
ploughing, planting, irrigation, weeding and hatirgg could improve the accuracy of the

data and precision of the estimates.

In conclusion, it should be noted that this stugigused on technical efficiency measures.
Additional research on allocative and economiccedficy can further determine the
scope for production improvements and can add touaderstanding of the effect on
efficiency of the introduction of a water chargearther research would also be of prime
importance post the water resource use groups fmmand full implementation as a

way of management.
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Appendix 1: Test for multicollinearity
Test for multicollinearity - partial correlation co efficients

hh
age size acres simpson prft/m3 gender edu LandOwneusergroup irrgtntech=1irrgtntech=2

age 1
hh size 0.078 1
acres 0.196 0.041 1
simpson -0.138 0.011 -0.350 1
prft/m3 0.063 0.073 -0.013 -0.072 1
gender -0.292 0.184 0.104 0.001 0.066 1
edu 0.120 -0.127 -0.070 -0.007 -0.009 -0.137 1
LandOwner| 0.167 0.134 -0.017 -0.201 0.083 -0.03300®. 1
usergroup 0.091 0.062 0.004 -0.163 -0.115 -0.110094 0.203 1
irrgtntech=1| 0.037 -0.006 0.076 -0.282 0.121  -0.003 -0.075 0.226 0.150 1
irrgtntech=2| -0.045 -0.003 -0.095 0.340 -0.128 -0.045 0.052 80.2 -0.165 -0.864 1
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Appendix 2: survey questionnaire

AN ECONOMIC ASSESSMENT OF WATER USE EFFICIENCY IN L AKE
NAIVASHA BASIN

Field questionnaire

We are part of a team from the University of Nairetho are studying aspects to do with
farming activities in this region with emphasis owput use. Your participation in
answering these questions is very much appreciatedour responses will be
COMPLETELY CONFIDENTIAL

Part 1-identification

Enumerator’s

NAME.... .ot e date.......cooviiiiiinnn. ProVINCE.....ccoviviiieiin i
District..................divisIoN.................... location....................Sub
location......................

Name Of the reSPONUENT... ... .. ittt e e e e e e ee e

Name of the household head if different from the
157 010} T =7 o

Part 2-land use and house hold characteristics

2.1 What crops did you grow on your farm last year?

(1=maize, 2=beans, 3=peas, 4= French beans, 5=agebb6= tomatoes, 7= carrots,
others (specify))

2.2 What was the main objective of growing the srogntioned?

(1=subsistence, 2= income generation, 3=livesteeklihg, 4=others (specify))

2.3 What was the total acreage of your farm in 2009

(1=owned...... , 2=hired...... )
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Table 1: farm profile

Parcel no.

Size in AcresCrops grown

1=maize
2=beans
3=peas

5=cabbages
6=tomatoes
7=carrots

4=French bears

Season Area
1=long each Crop
2=short

unde

Tenure status
1=0Owned with title
2=0Owned without title
3=Communal

4= Hired

Method of Acquisition
1=bought

2=gift

3=Inherited
4=Rented

5=other (specify)

The following question regards your input use fa tropping year 2009
Table 2: Input usage

(1=yes, 2=No)
Crop Season | Pesticide | Pesticide Cost | Total seed Cost Total Fertilizer Cost Total | Labor(man
code 1=long | name qty per cost in| quantity per unit | cost in| qty per unit | cost days)
2=short 1=paperbags| unit ksh 1=paperbags ksh 1=paperbags inksh | 1=weeding
2=bucket 2=bucket 2=bucket 2=ploughing
3=debes 3=debes 3=debes 3=chemical
4=gunny bgs 4=gunny bgs 4=gunny bgs app
4=harvesting
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| would like us to talk in detail about how you ©gad out various farming activities in
your farm. Specifically, how you irrigated your ps) water you used in both seasons
from planting to harvesting and methods employedyali usually irrigate your crops?

If yes, fill the table below

Table 3: irrigation water use
Crop Season | Water Irrigation tech Frequency  ofl No. of times| Water Distance | Mode of | Time
irrigated | 1=long source 1=bucket irrigation within | /each used in| to river in | transport | spent in
(Codes) | 2=short | 1=river 2=canals growing period | frequency 1=nt km 1=walking | hours
2=ownwell | 3=drip 1=daily e.g. how| 2=liters 2=bike
3=lake, 4=sprinkler 2=weekly many 3=car/mot
4=owntank | 5=others specify| 3=monthly times/day orbike
5=others 4=seasonally
specify
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This question regards the amounts of various ostfsam your farm in the year 2009 and
how they were utilized i.e. sale, consumption atieopurposes
How much was your total output harvested per crop?

Table 4: farm Output

Crop
codes

Produce in units
1=paperbags
2=buckets
3=debes
4=gunny bgs
5=wheelbarrow

Season | Qty Qty Estimate
1=long | consumed| sold | dlosses
2=short

No. of | Average Market
sales | sold price/unit
(No.
sales*qty
sold)

Value of
produce
sold.
(avgsold*
mkt prce)

Transp
ort
costs

The following question regards points of sale fouryoutput
Table 5: nearness to point of sale

Crop Where sold Distance | Mode of transport | Time spent in| Payment mode | Comment on offereq
code 1=from home (km) 1=walking hours 1l=cash price
2=market name 2=hike 2=exchange for 1=good
3=town name 3=car/motorbike goods 2=fair
3=other 3=bad
specify

1.0Are there any other costs incurred in the procdsgroduction and marketing?
Cost/unit.........
2.0What constraints did you incur in your farming sities and what solutions would
you
10 (00T PP PR PPPPRTT

The following question regards your household’s rbership.
1.0How many people are in your household?
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Table 6: house hold characteristics

HH Name Relation tg Age gender Marital status | Level of | Main Months | Farm labor| No. of Wages/month
member HH head years | 1=m 1=single education in| occupation working | participation | days 1=on farm
1=head 2=f 2=married years codes in  the | 1=full time working 2=off farm
2=spouse 3=divorced 1=primary farm in | worker in farm
3=child 4=separated | 2=secondary last 12| 2=parttime | /week
4=relative 5=widowed 3=tertiary months | 3=nota
5=servant worker
6=other

Codes for occupation;
1=farming

2=employed

3=self employed off farm,
4=casual laborer,
5=schooling,

6=herding, 7=HH chores,
8=N/A, 9= others (specify)
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How much income, did your household receive frommeotsources in the last cropping
year apart from credit?
Table 7: off farm income

sources Amount in ksh Earning family member
1=head
2=spouse
3=child
4=relative
5=other

Rented out land
Sale of livestock products
Sale of own trees
Casual village labor
Regular employment
Pension income
Business income
Dowry

remittances
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Part 3-collective action
I would also like to know if you are involved inyafarmer and water user group,
what are the activities and benefits of being a tvem
1.0Are you involved in any water user groups?
(Yes=1, No=0)
1.11f yes, for how long..............ccoo.
1.2 And if yes, what were your reasons for voluntegria participate in a
water resource use
(0] (01U TSP PR PPRUPPPIN

1.3If not, ask the reasons then proceed to Q18
(011,772 10 £ P

(This section applies for farmers involved in waise groups)
2.0In the last one year, how often did you attend wase group
meetings?(1l=always, 2=sometimes, 3=never)
3.0How many members is your group comprised of.. e e
4.0Do you hold any leadership role/position in youmgls’?(l =yes, 2 No)
If yes, what position?
(1=chairman, 2=vice chairman, 3=treasurer, 4=$axre5=other, specify)
5.0Were you involved in a water user group before 2009

(1=yes, 2=No)

6.0Did you have friends who were involved on a wateug before 2009?
(1=yes, 2=No)

7.01f yes, how many friends were involved......................... ?

8.0Did the group interview you before you joined it?
(1=yes, 2=No)

9.0If yes to Q8, who interviewed you?
(1=group leaders, 2=members, 3=both)

10.0 How are rules and decisions made in the group?
(1=imposed, 2=leaders only, 3=leaders consult mesndeleaders by approval
of members, 5=consensus, 6=0other)

11.0 Overall, are you satisfied with the chairpersoyadr group?
(1=very satisfied, 2=somewhat satisfied, 3=nots§ati)
12.0 Overall, are you satisfied with the leadership @fiygroup?
(1=very satisfied, 2=somewhat satisfied, 3=notsiati
13.0 What were the main activities for the year
200972, ettt ettt e et e e e e bbb bbb e e e e e
14.0 Did you buy inputs or sell outputs through the oigation?
(Yes=1, No=0)
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15.0 In your group meetings, do you discuss issues twitlo irrigation water

use?
(Yes=1, No=0)

15.1 If yes, is there any agreement on the quantityroitd of water to
be drawn for irrigation per farm or
FAIMIET ..

15.2 If yes, how
MUCK e et e e

15.3 Are there any agreed irrigation techniques?(Yeski0)

15.3.11f yes, which ones and

(1=bucket2=canals 3=drip 4= sprinkler 5=otherHpge

15.3.2 Are there farmers who fail to comply with the
agreements?(1=yes, 2=No)

15.3.3 If yes, what are the punishments?
(1=fines, 2=suspended from group, 3=withdrawal ofne
benefits, 4=other, specify)

16.0 What other concerns/activities does your group
8] T =T 7= 1=

17.0 Does your group work with other groups with similgwals?(1=never,
2=sometimes, 3=always)

18.0 What challenges do you face in using irrigation
LT 7= =

19.0 Has the river water levels declined over the yeéts9es, 2=No)

20.0 If yes, by how much? (1=very much, 2= slightly, 8much)

Table 8: Other benefits from your group

Benefits Benefits
received
(1=Yes,
2=No)

Improvement of access to credit

Improvement of access to market

Education and training

Other(specify)
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Are you involved in any other community groups &jiem water?
Table 9: Farmer involvement in other community graips

Name of| Type of | Group Entry Year Role in | Benefits
group group functions fee joined group 1=credit
1=work 1=tree 1=chairman | 2=access
group planting 2=vice to market
2=self-help | 2=water chairman 3=trainin
3=merry go| harvesting 3=treasurer | g and
round 3=soil and 4=secretary | educatio
4=women water 5=member | n
5=family conservation 6=other 4=other
4=irrigation
activities
5=0ther
(specify)
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Appendix 3: GAMS model

$SONTEXT
*$OFFLISTING;

*OPTION LIMROW=0;
*OPTION LIMCOL=0;
OPTION LP=CONOPTS;
OPTION NLP=CONOPTS;

$OFFTEXT

SETS OUTPUT CROP VALUE /CROPOUT/
INPUT CONVENTIONAL INPUTS /PEST,FERT,SEED,BALAND/
INPUT2 WATER USED /WATER/
NUMBER DMUS /1*201/,

ALIAS (NUMBER,NUM);

$INCLUDE CROP.TXT
$INCLUDE INP.TXT
$INCLUDE WAT.TXT

PARAMETERS
CROPP(OUTPUT)
INPUTP(INPUT)

WATERP (INPUT2)
LAMBDAL(NUMBER,NUM)
PHIL(NUMBER);



VARIABLES
PHI
LAMBDA (NUM);

POSITIVE VARIABLES LAMBDA ;

EQUATIONS

EQUATION1(OUTPUT) CROP OUTPUT
EQUATION2Z(INPUT) CONVENTIONAL INPUTS

EQUATION3(INPUT2) WATER USED
EQUATION4 SUM OF LAMDDAS ;

EQUATION1(OUTPUT).. SUM(NUM,
LAMBDA(NUM)*CROPS(NUM,OUTPUT))=G= CROPP(OUTPUT);
EQUATION2(INPUT).. SUM(NUM,
LAMBDA(NUM)*IN(NUM,INPUT))=L=INPUTP(INPUT);

EQUATION3(INPUT2).. SUM(NUM,LAMBDA(NUM)*WA(NUM,INPUT2))=E=

PHI*WATERP(INPUT2);
EQUATION4..SUM(NUM,LAMBDA(NUM))=E=1;

MODEL WATERUSE /ALLY/,

LOOP(NUMBER,
CROPP(OUTPUT)=CROPS(NUMBER,OUTPUT);
INPUTP(INPUT)= IN(NUMBER, INPUT);
WATERP(INPUT2)= WA(NUMBER, INPUT2);
*OPTION SOLPRINT=OFF;

SOLVE WATERUSE USING LP MINIMIZING PHI;
LAMBDAL(NUMBER,NUM)= LAMBDA.L(NUM);
PHIZ(NUMBER) = PHI.L;

OPTION PHI1:3:0:1;

DISPLAY LAMBDA1,PHI1;
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