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Abstract
In Sub Saharan Africa, yields from rice have continued to stagnate and Kenya is no exemption. The most common type of rice in Kenya is lowland rice grown under irrigation. This paper looks at how the change of management affects the productivity in national rice irrigated schemes in Kenya namely Mwea, Ahero, West Kano and Bunyala. By use of both descriptive analysis as well as panel data regression using the fixed effects approach, this paper finds that there is no enough evidence to support the hypothesis that community managed schemes perform better than government managed schemes, for the period under study 1985-2006.

In Kenya the management of irrigation schemes has shifted from government managed scheme to community managed irrigation schemes. We also find that under state owned irrigation schemes, rice production deteriorated as the government failed to provide a clear policy guideline on irrigation despite the viability and potential of irrigation to improve agricultural production. 

Relevance to Development Studies

Several studies have been conducted in the area of agriculture in Kenya concerning the measurement of agricultural productivity. Most of them however have not looked at the analysis of irrigated rice production. Given the fact that Kenya as a country has a huge deficit in the production of rice which is the common staple food in the country, it is important to undertake a study on rice production especially on how the schemes are managed and how changes in management styles affect productivity. In the long run, this will help to improve the yields and hence reduce the gap between demand and supply.

Keywords

Ahero, Bunyala, Common Property Resource, Kenya, Mwea, West Kano, Irrigation management, Irrigation Schemes, Rice. 

Chapter 1
Introduction 
This study aims at establishing how a change in management affects productivity in national irrigated rice schemes in Kenya namely Mwea, Ahero, West Kano and Bunyala. Given the fact that Kenya as a country has a huge deficit in the production of rice which is the common staple food in the country, its important to undertake a study on rice production especially on how the schemes are managed and how changes in management styles affect productivity as well as establish the trend in production and yield. The study uses both descriptive analysis and panel data regression analysis using the fixed effects approach in analysing production and its various determinants between the year 1985 to 2006. It finds that government managed schemes are more productive although these results may be due to insufficient data in the analysis.
1.1
Background
Kenya’s population has been growing rapidly and therefore the country faces an uphill task of securing an adequate food supply. This therefore calls for increasing the agricultural production capacity to match the population growth. In addition Kenya is a signatory to the United Nations Millennium Development Goals (MDGs) which are internationally agreed targets for tracking developmental progress in member countries. MDG goal number one talks of eradicating extreme poverty and hunger by 2015. Therefore we find that if Kenya is to achieve this goal, a lot of effort and investments needs to be done in the agricultural sector in order to move the country from a food deficit nation to a food surplus nation and that farming is done not as a subsistence or small scale but on a large scale and commercialised.

Agriculture is the backbone of the Kenyan economy. The Agricultural sector contributed about 23% of the Gross Domestic Product (GDP) in 2006 and employs more than 80% of the labour force in formal employment, mostly women and contributes 60% of the export earnings(World Bank: 2002).  The table below shows the agricultural sector share or contribution of GDP as well as the Agricultural sector growth in Kenya from 1985-2006.

Table 1.1: 
Contribution of the Agricultural sector (%) to Kenya’s GDP and Agricultural Sector growth 1985-2006
	YEAR
	GDP Growth (Annual %)
	Contribution of Agriculture to GDP (%)
	Agriculture Growth (%)

	1985
	4
	33
	4.0

	1986
	7
	33
	4.9

	1987
	6
	32
	4.2

	1988
	6
	30
	4.6

	1989
	5
	30
	4.1

	1990
	4
	29
	3.5

	1991
	1
	28
	0.7

	1992
	-1
	29
	-3.3

	1993
	0
	31
	-3.1

	1994
	3
	33
	3.1

	1995
	4
	31
	4.8

	1996
	4
	30
	4.5

	1997
	0
	31
	-3.1

	1998
	3
	31
	8.3

	1999
	2
	32
	7.1

	2000
	1
	32
	-1.3

	2001
	4
	31
	11.7

	2002
	1
	29
	-3.5

	2003
	3
	29
	2.4

	2004
	5
	28
	1.8

	2005
	6
	27
	6.9

	2006
	6
	27
	5.4


Source: Economic Survey (Various).
The table above suggests that the contribution of the agricultural sector declined from 33% observed in 1985 to 27% in the year 2006. On the other hand the agricultural sector grew by 4% in 1985 and 5.4% in 2006. It is also easy to notice that in the years where the Agricultural growth is high, there is also a high GDP growth rate reflecting that there is a strong correlation between agricultural growth and annual GDP growth, thus making the agriculture sector to be the engine of growth of the country’s economy. For example in 1986 agriculture grew by 4.9% while the GDP recorded a high growth rate of 7% whereas on the other hand, in 1992 agriculture recorded a negative growth rate of -3.3% which also reflected on the negative GDP growth rate of -1% in that year. This table can then be used to plot the figure below;
Figure 1.1:
Contribution of the Agricultural sector (%) to Kenya’s GDP and Agricultural Sector growth 1985-2006
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Source: Author’s Construction based on data from Economic Surveys (various).
As can be seen in figure 1.1 above, the growth of agriculture and the GDP growth have similar trends due to their direct correlation. This positive correlation between agricultural sector growth and GDP growth underscores the need for the Kenya government to invest more resources in the agricultural sector if the country’s economy is to improve and contribute to the attainment of Kenya Vision 2030
.
Another reason why the Government of Kenya (GOK) has placed emphasis on agriculture as an engine of propelling the overall development of the country is because the majority of the population is largely rural. According to the Strategy for Revitalizing Agriculture, 2004-2014 about 80% of the population reside in the rural areas of the country deriving their livelihood from agriculture. Moreover, 56% of the Kenyan population live below the poverty line and out of these 80% are in the rural areas (GOK, 2004: 1-2).

Irrigation

Agricultural production can be enhanced and boosted through improvement in the water management system and of particular importance is irrigation. Chambers and Moris observed that “irrigation agriculture is not only the most fruitful type of farming devised by man, but also the most costly. What make it costly are the large capital costs of provision of irrigation waters. These costs hence cannot be met by individual farmers but must be spread throughout the economy” (Chambers and Moris (eds), 1973: 19). The need for the irrigation costs to be spread throughout the economy emanates from the fact that the benefits that accrue from irrigation farming will benefit the whole economy and not just the individual farmers for example by boosting the food security situation of a country and raising incomes from the agricultural sector. 
The irrigation and drainage policy,2009 defines irrigation as “Any process, other than by natural precipitation, which supplies water to crops or any other cultivated plants” (Ministry of Water &Irrigation,2009:7)
According to Carruthers and Clark, if irrigation is to make use of the fresh water supplies, then significantly bigger efforts has to be made to make better management of schemes and efficiency of distribution (Carruthers and  Clark,1980:238). Irrigation farming has several advantages in comparison to other modes of farming. 
According to Ruthenberg, some of these advantages are; First, irrigation farming in comparison with upland farming under similar conditions leads to a production of higher gross returns per hectare, with the basic possibilities being the achievement of higher yields per hectare of a particular crop; production of several harvests in a year; growing of crops that produce comparatively high yields per hectare and it is possible to have continuous rice cultivation thus extending the area under cultivation of rice (Ruthenberg,  1983: 184). This in turn leads to increased yield per hectare which helps to boost the food security of a country.
Secondly, irrigation farming allows the permanent use of land. For rice cropping for example, it is possible to carry out permanent agriculture for long periods realising high yields per unit area and the soil fertility is not impaired (ibid). In other cases of farming, the yields continue to diminish as you continue farming the same piece of land due to depletion of the soil fertility.
Thirdly, irrigation farming leads to a reduction in yield fluctuations from year to year. When the water supply is reliable, there is some independence between production and the weather. Hence the yearly fluctuations of yield are less than the fluctuations in upland farming (ibid). This means that under irrigation farming even the dry areas that experience inadequate rains can be assured of constant yields with a reliable water supply.
Next, irrigation farming leads to a more continuous production process in the sense that there is an improvement in the regular household supply of food and cash incomes emanating from the production process (ibid). This helps to boost a country’s food security and contributes to the improvement of a country’s economy.

Furthermore, in irrigation farming some limiting factors like the amount of rainfall which determines the range of possible crops to be grown in upland farming are less compelling, thus enabling irrigation to facilitate diversification in production (ibid).

In developing countries particularly, irrigation farming leads to employment creation in that a relatively large number of workers per hectare are employed, enabling a relatively high income to be earned without the use of expensive equipment (ibid). Thus through irrigation, some developing countries have been able to transform themselves from food deficit to food surplus nations and also to improve their economies.

Lastly, irrigation also leads to utilising land that would otherwise not have been used in the upland areas (ibid). In Kenya for example, there are regions especially in Coast and North Eastern parts that experience very little rains and are dry most of the times. Through irrigation, such land can be utilised effectively for the generation of foodstuffs.

However, irrigation farming has a number of disadvantages, costs and requirements. First, the initial investments and costs that go towards irrigation farming and setting up of the infrastructure are huge in terms of land preparation, delivery and distribution works and the different kinds of machinery. Furthermore, in addition to this high investment, irrigation farming demands a continuous supply of water and adequate maintenance of the water distribution and drainage channels (ibid). Thus irrigation projects consume very large quantities of very scarce resources both recurrent and development expenditure which can really affect small developing economies, whose economies are growing. Most developing countries operate on very small budgets and therefore setting up the irrigation infrastructural facilities can be an uphill task.

Secondly, farming through irrigation requires the co-operation of several farmers and different stakeholders. To constantly maintain and improve an irrigation holding, communal work is required while in the larger irrigation systems, to ensure its success a well-organized schedule and scale of water distribution in the schemes and among beneficiaries is required (ibid).

Therefore we find that irrigation farming is very important in many countries both developing and developed. The table depicts the importance of irrigation in different regions between the years 1980 and 2000.
Table 1.2:
The Importance of Irrigation in Developing Country Regions

	Region
	1980
	2000

	
	Area equipped for irrigation


	Share of irrigated area in total arable area
	Area equipped for irrigation


	Share of irrigated area in total arable area

	
	Million Ha
	percent
	Million Ha
	percent

	90 Developing countries
	105.3
	14
	148
	16

	Africa
	3.7
	2
	6
	2

	Far East
	67.5
	25
	98
	34

	Latin America
	13.4
	7
	19
	7

	Near East
	20.7
	23
	25
	27

	Middle-income
	34.8
	9
	46
	10

	Low-income
	70.5
	18
	102
	23


Source: Agriculture toward 2000 (Food and Agriculture of the United Nations, 1981:67)
From the above table, we can see that between 1980 and 2000, the irrigated area in 90 developing countries increased by about 40.5% from 105.3 million hectares, which is 14% of the total arable land to 148 million hectares.  Similarly, in Africa between the same period the irrigated area increased by 62.2% from 3.7 million hectares which is 2% of the total arable land to 6 million hectares. The trend for the other regions can similarly be seen.

According to the Kenya Vision 2030, which is the path or vehicle for fast tracking the process of transforming Kenya into a rapidly industrial middle-income country by the year 2030, Agricultural reforms aimed at increasing productivity have been given a key emphasis especially improving the use of irrigation (GOK, 2007:1-3) This is because, the use of irrigation is generally advocated because of the believe that deficiencies of climate leads to a constrain in agriculture. The deficiencies in climate include for example inadequate or unreliable rainfall and drought conditions in some areas or parts of the year. To develop an agricultural sector that is vibrant, the development of the irrigation sector has been recognized as the long term solution.  Irrigation development is expected to contribute in the attainment of Vision 2030 in four major ways; first, is Contribution to food security where the critical features of food security include sufficient food is available, having an efficient distribution system and ensuring that there is sufficient purchasing power vested in people’s hands (ibid). Thus through the revival of stalled irrigation schemes and initiation of new ones, the government hopes to boost the food security and sufficiency throughout the country.
Secondly, is by Contribution to equity. There exists inequality in land holding and productivity in the country and development of irrigation is expected to enhance equity by improving the productivity of marginal lands and reducing food prices and enhancing agricultural livelihoods in these areas (ibid). From independence, successive regions have continued to favour some regions while others continued to lag behind making them to rely on food assistance from other regions and government and civil society food relief. Through irrigation, this situation can be reversed by developing irrigation facilities equally in all regions and hence help in utilisation of land in marginal and less productive areas.
Thirdly, is its role in the alleviation of poverty. Irrigation development is expected to contribute to the alleviation of poverty through enhancing agricultural based livelihoods especially through the increase in agricultural incomes which is directly related to high yields, and growing of better quality crops (ibid).  As was seen in the table on contribution of agriculture to Kenya’s GDP, agriculture plays a key role in the country’s economy. Therefore, through irrigation yields are expected to improve which translates to increase in income and hence an improvement in the country’s GDP. 
Lastly, is the Contribution to foreign exchange reserves. In this regard, Irrigation has contributed and is expected to improve the reserves of foreign exchange earnings especially the ones linked to exports of agricultural goods like coffee and tea and also the reduction in the demand for foreign exchange linked with the purchase of imported food crops particularly rice (ibid). This therefore underscores the importance that the Kenya government attaches to irrigated agriculture. Towards this end, a number of large-scale schemes have been initiated as well as small-scale schemes in various parts of the country. 
According to the Kenya Integrated Household Budget Survey- Basic Report 2005/06, rice in Kenya is grown on a total area of 29,510 acres out of which 26,008 acres is rural whereas 3,502 acres is urban. Regionally, this total acreage can further be broken down as 21,474 acres in Central Province; 5,091 acres in Coast Province; 2,422 acres in Nyanza and 524 acres in Western Province (GOK, 2005/06:175). This includes rice grown both in irrigated and non-irrigated areas.

In conclusion therefore, we have seen that irrigation has a number of advantages as well disadvantages, costs and requirements. In Kenya, irrigation has played and is expected to play a pivotal role in the country’s economy through enhancing food security, enhancement of agricultural based livelihoods and contributing to improvement of foreign exchange earnings.

1.2 Research Objective
The objective of the study is to assess whether there is any relationship between particular forms of management on productivity levels in irrigated rice schemes in Kenya. The trend in productivity in these rice production schemes will be analysed as well as understand the policy environment in which irrigation of rice is done in Kenya. From the analysis recommendations will be drawn.

1.3 Research Questions
1.3.1 Main Research Question

Does change of management have an effect on productivity levels in irrigated rice schemes in Kenya?
1.3.2 Sub-Questions

1. What has been the trend in productivity in irrigated rice schemes in Kenya?

2. Is there a region specific effect for Kenya in terms of irrigated rice production and its relationship with the various determinants of irrigated rice production?

3. What is the policy environment relating to irrigated rice production in Kenya?
1.4 Hypothesis

Based on this Research question and sub-questions, the hypothesis that will be tested are;

H0: Community managed schemes are more productive than government managed irrigation schemes in the production of Rice in Kenya.
HA: Community managed schemes are less productive than government managed irrigation schemes in the production of Rice in Kenya.
Where H0 is the null hypothesis and HA is the alternative hypothesis. 
1.5 Significance of Study. 

Several studies have been conducted such as Nyangito et al, 2003 estimating the determinants of agricultural production in Kenya. However, most of these studies have failed to analyse irrigation production of rice in schemes.
Kenya as a country is having a huge deficit on rice production and is importing rice due to this shortfall therefore a study needs to be carried out on how effective is the production of rice in irrigation schemes because most of the rice is actually produced in these schemes. This will help in reducing the gap between demand and supply.
It is against this background that this study seeks to analyse how a change in the management of rice irrigation schemes affects the productivity of rice, establish the trends in production as well as analyse the policy environment in which irrigated rice is produced in Kenya and draw policy implications if any from the study.

1.6 Study Area.
The study focuses on the four major rice irrigation schemes in Kenya namely; Mwea in Central Province Region, Ahero in Nyanza Province Region, West Kano in Nyanza Province Region and Bunyala in Western Province Region. The choice of the study of these four schemes is guided by the objective and the research question. Since the objective of the study is to assess whether there is any relationship between particular forms of management on productivity levels in irrigated rice schemes in Kenya, we establish that there are three categories of irrigation schemes in Kenya namely smallholder, private and public.

The Irrigation and Drainage Master plan gives the ownership and/or management features of the different irrigation schemes. Private owned schemes involve individual medium to large-scale farms. On the other hand public sector irrigation schemes are centrally controlled and tenant-based schemes managed by the National Irrigation Board. Smallholder schemes are either group or individual owned/managed (Ministry of Water and Irrigation, 2009:20-21). Therefore to assess the issue of change of management and its effects on yield, the only type of schemes that exhibits this characteristic are National or Public schemes.

There are seven public irrigation schemes in Kenya namely Mwea (in Central province growing rice), Ahero and West kano (in Nyanza province growing rice), Bunyala (in Western province growing rice), Bura (in Coast province growing cotton), Hola (in Coast province growing cotton) and Perkerra  (in Rift valley province growing horticulture that is chillies/onions and maize) (ibid).

Therefore, for the study to achieve its objectives and enable us to answer our research question(s), the four public irrigation schemes growing rice were selected.  
1.7 Scope and Limitation of the Study.
This research paper focuses on the change of management and its effect on productivity levels in irrigated rice schemes in Kenya mainly comparing community management versus government management, thereby excludes analysis at the household level. 
More quantitative analysis at the household level would provide more information on why households engage in rice farming and hence help to assess the profitability of rice farming vis-à-vis other crops at household level. Some of this household level information and characteristics would include the age and the size of the household of the rice farmers, farmers’ level of education and possibly the total number of years of schooling, the distance of the rice farms from where the farmers reside and the capability of the farmers to manage rice farming or their experience in the farming of rice
 .Some of these factors are going to be looked at in the review of literature and this household information is not available hence limiting the analysis.

Furthermore, this study relies heavily on secondary data from Kenya National Bureau of Statistics (KNBS) and National Irrigation Board (NIB) which might not be entirely accurate. This study basically limits itself only to paddy rice production in public owned irrigation schemes. 
1.8 Organisation of the paper

This paper is divided into five chapters. Chapter One is the background and contains the background of the research. It explains the research objectives, research questions, significance of the study, its scope and limitation and explains the general organization of the paper.
Chapter Two gives the Theoretical framework, literature review and analytical framework. Theoretical framework gives some theoretical considerations of management of common property resources as well as looks at some concepts that will be used in discussing the theme of the paper.

Literature review takes a look at the factors that affect productivity in irrigation schemes and also looks at management aspects of irrigation schemes in the wider context of common property resource management. An analytical framework that will be used in the analysis is developed at the end of the chapter.

Chapter Three covers more information on the background of the Kenyan Agricultural sector, food security concerns and rice as a major staple food in Kenya as well as operations in the four government schemes in Kenya under study that is Mwea, Ahero, West Kano and Bunyala.
Chapter Four covers the methodology and the Empirical analysis. This chapter contains methodology, data sources and analysis and a discussion of the research questions under study. Finally Chapter Five contains the concluding remarks and lastly draws some policy recommendations.
Chapter Two: Theoretical Framework, Literature Review and Analytical Framework
2.1 Introduction
This chapter looks at the Theoretical background and the Literature review.  On the theoretical background, the theoretical considerations of management of common property resources are discussed as well as looking at some concepts that will be used in discussing the theme of the paper.

On the literature review, the study takes a look at the factors that affect productivity as measured by yield in irrigation schemes as well as management of irrigation schemes in the wider context of common property resources. This will lay a basis for the empirical analysis in the subsequent chapters. Lastly, the analytical framework is developed at the end of the chapter.

2.2Theoretical Background
Theoretical Considerations of Common Property Resources and its Determinants

This section gives the theoretical background of the study. It also gives some theoretical arguments about common property resources that will be used to guide this study. 
Of late, among the policy makers in developing countries, the issue of community level institutions like co-operative societies and others has gained much momentum in the management of both natural and man-made resources. Agrawal and Gibson articulate that “community management” is broadly advocated as a remedy for impartial and prudent use of natural and man-made resources. Various reasons can be advanced for this paradigm shift in management for example economic, social and political (Agrawal and Gibson, 1999:629-49).

Looking at most of the literature on Common property resources, one does not fail to notice the confusion in the definitions of what common property actually stands for. Therefore it is of paramount importance to clarify some concepts and terms which are considered important when studying the management of common property resources.
Common Property Resources (CPR) Management and Collective Action.
Common property resource

First, it is important to understand what a common property resource is as well as understand other types of property regimes in order to find out the ownership and management style in each. This will help in the understanding of the management structure of the irrigation schemes under study.

Bromley gives a distinction between four regimes of property which has various implications when it comes to the management of natural resources and these include state property, private property, open access or non-property and finally common property regimes, where he defines a resource regime as “a structure of rights and duties characterising the relationship of individuals to one another with respect to that particular resource” (Bromley, 1989: 11-20).
In a state property regime, “ownership and control over use rests in the hands of the state, while individuals and groups may be able to make use of the resources only at the discretion of the state”.  Therefore individuals and groups uses the resources at the control of the state and examples include national forests, national parks and military reservations (ibid).

For private property regime, there is a “sanctioned ability legally and socially to exclude others as it allows the legal owner of the resource to force the others to go elsewhere, as well as to resist unwanted intrusions” (ibid).

In open access regime, there are “no property rights and can therefore be asserted that everybody’s access is nobody’s property, thus a resource under this form of regime will belong to the party to first exercise control over it. Open access is brought about by the absence or failure of a management organization whose function was the introduction and enforcement of some rules, regulations, norms of behaviour among participants regarding the resource” (ibid).

In common property regimes, “the property-owning groups vary in nature, size, and internal structure across a broad spectrum, but they are social units with definite membership and boundaries, with certain common interests, with at least some interaction among members, with some common cultural norms, and often their own endogenous authority systems” (ibid).
Jodha defines common property resource (CPR) as that “resource over which a group of individuals have co-equal right” (Jodha, 1990: 65). Wade argues that common property resources of irrigation water and grazing fields’ type might better be called common-pool resources, because they are a sub-set of public goods with finite or subtractive benefits. Hence common pool resources are potentially subject to congestion, depletion or degradation (Wade, 1989: 183).  On the other hand, Todaro defines common property resource as “a resource that is publicly owned and allocated under a system of unrestricted access” (Todaro, 2009: 499). Examples include an irrigation system, a fishing ground, pasture, and forest resources in which it is costly but not entirely impossible to lock out some potential beneficiaries from accessing the benefits from these resources. Most common property resources have a high potential of impacting many populations of developing countries of which a huge majority reside in the rural areas. For this reason, in most poor countries a good understanding of the concept of CPR is very crucial to the study of management of natural resources.

Blackie and Brookfield  in Land Degradation and Society notes that there are three fundamental characteristics that distinguishes a Common property resource from other forms of resources namely; its focus to personal use but not to personal possession, a cluster of users share self-governing rights which cannot be inhibited by others without their approval and lastly the resource is subject to be used jointly and persons reserve the rights collectively of excluding others who are non-members of that cluster (Blackie and Brookfield, 1987: 187).

This study, is going to look at irrigation schemes and systems that represent a common pool to group of farmers (based on the location of the scheme) who have the right to use and manage the schemes but the actual formal ownership of the land being claimed by the state. In Kenya, the large-scale irrigation schemes under study were created in order to provide settlement opportunities for people without employment and to settle the landless. The tenants on these public irrigated schemes under study have no titles to the ownership of the land as it remains with the state. They operate on some annual temporary occupational licence arrangement (Ruigu, 1988:11). This form of arrangement then makes these schemes a form of common property resource.

Collective Action

Another very important concept in the discussion of common property resource is collective action, in the sense that in most poor countries, Kenya included many resource systems are managed jointly for the common good of the community.
Marshall defines collective action as “that action taken by a group (either directly or on its behalf through an organization) in pursuit of members’ perceived shared interest” (Marshall, 1998:85). 

In the case of irrigation schemes in Kenya, the concept of collective action would refer to the collective efforts in water management in the canals, the balance of water between the head users and tail users to avoid shortages and abuse, and observing all the instructions and rules set by the management of these schemes. This is because in the management of these irrigation schemes, the National Irrigation Board under government management, and community irrigation associations under community management set the rules and regulations to be observed by the tenants and farmers in order to ensure smooth running of the schemes and avoid conflicts among users.
Over the last years, the issue of collective action in the management of both natural and human-made resources has been a subject of strong contest among different scholars. These debates and contests have given rise to a number of theoretical opinions about collective action in the management of CPR. Some of these theories are explained below.

 Common Property Theories and Collective Action

There are different scholars who have put forward different theories and approaches on the analysis of common property resources and collective action. The most common ones include “The Prisoner’s Dilemma”, “tragedy of the commons” and “free rider dilemma”. The scholars most commonly associated with these theories include Hardin: 1968 and Olson: 1965. We find that these three theories tend to have a negative perspective on the management of CPR.

On the other hand, there is another group of scholars with a positive perspective on the CPR management and in this group we have Ostrom: 1990, Baland and plattuea: 1996 as well as Bromeloy et al: 1992. This group pays particular focus to the issue of institutions.

 The Prisoner’s Dilemma 

The prisoner’s dilemma employs use of a game model in demonstrating the management of common property resources. Koutsoyiannis presents some main aspects of the game in which he explains the behaviour of firms faced by doubt about their competitor’s action. The game presents two criminals who are arrested after engaging in a big bank robbery and the ensuing evidence is inadequate to sustain a robbery charge unless one or both criminals confess. Each of them is interrogated in separately to avoid collusion between them. The Attorney then promises no punishment for the suspect who confesses and a heavy sentence for the other. On the other hand, if both suspects do not confess, they will both go free whereas if both confess, they get the sentence approved by law. In this situation, the criminals have three options; one if they both confess, they will both receive a medium term sentence, second if one stays silent, and the other confesses the first will get harsh and long punishment while the other goes free and third if they both keep silence, they will both receive some light sentence. The two criminals have full knowledge about these set of options and each of their outcomes, however the investigation is conducted independently so as there is no collusion between them. The joint interest of the two criminals is for both not to confess, as confessing is the most dominating strategy (Koutsoyiannis, 1979:412).
 
According to Wade, this dilemma extends to the usage of common-pool resources by taking the choice as being either to cooperate with others in a rule of restrained access or not to cooperate (Wade, 1989: 201).
This dilemma has a number of criticisms in that its application in the management of common property resources is quite narrow and limited as it presents an uncooperative state of affairs in management. However, in reality human beings have an opportunity to talk, hence they have high chances to collude within them for their common good. In the case of irrigation schemes in Kenya, the National Irrigation Board (NIB) was the one responsible for setting rules and regulations that would provide the rights and obligations of both the tenants and the management (Ruigu, 1988: 10-12). However, if the tenants viewed the rules as authoritarian where the managers could take advantage of the tenants, then the tenants could collude within themselves for their common good.

The criticisms of the prisons Dilemma notwithstanding, according to Berhanu, this dilemma underscores the significance of information and communication within a group of individuals working together for some common goal for example in our study to maximize the yield and hence productivity among rice farmers. Secondly, the dilemma also indicates that the decision taken by an individual can also be affected by other members’ behaviour within which the person makes the choices. Thus, the dilemma implicitly suggests the essence for assurance in order to enable those individuals willing to cooperate will have some level of confidence that other individuals will follow suit (Berhanu, 2004: 8-9)

In Conclusion therefore, this dilemma is relevant in the operations of irrigation schemes in that it presents the different options that are open to farmers both the head and tail users and how they are supposed to make their decisions to maximize their yield levels.
 The Tragedy of the commons, Free rider dilemma and Institutions

The success and failure in management of common property resources is explained by Ostrom (1990).

The main challenge of Common Property Resource management is to avoid Garrett Hardin’s tragedy of the commons, whereby a shared resource is depleted after multiple individuals act individually without consulting (Hardin, 1969: 1-3). Ostrom observed that in irrigation schemes, tragedy of the commons can occur either by farmer’s free riding or by over exploitation of water in the canals and explains that this causes problems of commitment and mutual monitoring of CPR (Ostrom, 1990). Hayami and Kikuchi gave an example in ‘A Rice village Saga: Three decades of Green Revolution’ using the experience of East Laguna village in the Philippines, where overdrawing of water by head users led to shortages of water for tail users. This was due to lack of incentive mechanisms, e.g. metering of water usage, or peer pressure from neighbouring farmers to prevent abuse. Free riding of farmers of maintenance of canals also led to poor performance of the irrigation system (Hayami and Kikuchi: 2000).

According to Hayami and Godo, to avoid free rider problems, the three main solutions available include converting to private ownership, state ownership or community ownership. Community ownership can be considered as an organic institution guided by ostracism (Hayami and Godo: 2005) and community as an institution defined by a set of rules and regulations (Ostrom: 1990).

Hayami and Godo proposed that to avoid free rider problems and tragedy of commons, “converting to state ownership or private ownership was the solution. However the state may not be effective in preventing free riders due to weak work incentives of government employees and bureaucrats, inadequate means of enforcement, and difficulty in gathering grass root information. Therefore, a community which is described as a group of people bound by mutual trust and intense personal relations could be more effective in managing CPR. Close personal relationships coupled by intense social interactions provide a competent way of gathering grassroots information, while fear of social opprobrium and ostracism are effective counterforces against free riding” (Hayami and Godo: 2005). 
Institutions play a key role in the formulation and operation of any economic or social policy. In irrigation schemes, they play can be useful in overcoming the tragedy of commons which can set rules taking into account the present environment and past performance. These institutions should clearly define common property, rights of use, fines on breach of use, misuse or abuse, who enforces the rules, and how maintenance is carried out (Ostrom 1990).  

In Conclusion therefore we find that North and Ostrom defined institutions as “the rules that structure human behaviour” (North, 1990) and “the rule of the game” (Ostrom, 1990). In the study of irrigation schemes, what matters is the degree to which these rules are set, followed and applied among the farmers that will determine the success of these irrigation schemes. Therefore the rules can affect the productivity either positively or negatively. 
2.3 Literature Review 

Irrigation Management and Rice Production

The literature review is classified into two parts namely a look at the factors that affect productivity in irrigation schemes and secondly at irrigation management. 

Ngigi observed that in Kenya for the last 25 years, the production from agriculture has not matched the increasing population. Therefore development of irrigation is noted as one of the largest potential for addressing this challenge despite the high costs involved (Ngigi, 2002)

There are several factors that affect the productivity in irrigation schemes. Some of these factors include the total area under cultivation, management structure of the scheme, size, water availability and so on. These are some of the factors that we will review from both theoretical and empirical studies.

Pandey and Suresh observed that between 1971 to1990, there was a strong growth in production which was attributed to the growth of the area under cultivation (Pandey and Suresh, 2007: 609)
. Therefore the issue of land is very important if high productivity levels are to be achieved. There is need therefore to guarantee individual secure rights to individual farmers since the attachment to land is profound. Todaro observed that “it is for reasons of higher agricultural output and the simultaneous achievement of both greater efficiency and more equity that land reform is often proposed as a necessary first condition for agricultural development in many LDCs. Land reform involves the redistribution of the rights of ownership or use of land away from the large owners to cultivators with limited or no holdings, for example the appropriation of large estates for new settlement in Kenya.” (Todaro and Smith, 2009:465). 

Availability of water also plays a vital role on the performance of an irrigation project and also indirectly influences the cost of the project. Innocencio et al used annual rainfall and conjunctive use of surface water and underground water as a proxy for water availability and found that in Sub Saharan Africa, the irrigation projects located in areas with more water available have a tendency of being smaller in size and don’t require storage facilities (Innocencio et al, 2007:1). However, there is need to govern water use, as Bardhan found that water reform was crucial in building community institutions of cooperation. In his study of farmers in India, he found that Indian farmers set formal water rights opposed to customary rights which in turn increased their probability of cooperation (Bardhan, 2000:7). In addition, water availability also has an influence on the types of crops chosen and corresponding varieties and which has an impact on the performance of the irrigation project.  

Fertilizer usage is another factor that affects productivity. Food and Agriculture Organization notes that “after land and water, fertilizers are probably the most important input leading to increasing yields, and they were responsible for some 55% of the increase in yields in developing countries between 1965 and 1976”. It further notes that the use of fertilizer expands most rapidly on irrigated land where the returns are greatest, and much more slowly on rainfed land, especially in low-rainfall areas (Food and Agriculture Organization, 1981:66).
The amount of labour hired is another factor that affects rice productivity. Noij and Niemeijer observed that “by varying the amount of labour hired, or optimizing the moment at which labour is hired, they can try to increase paddy yields. But most studies as stated by Noji fail to take into account that apart from the amount of labour, the tenants in these schemes could still increase the level of their yields but emphasizing on the quality of labour. In other words the level of yield could still be increased by upgrading the techniques used in the cultivation of rice’’ (Noij and Niemeijer, 1988: 57).
Other studies argue that the level of education of a farmer also affects productivity. Pudasaini observed that education contributed to agricultural production in Nepal both through worker and allocative effects, further noting that although education improves agricultural production by making better the ability of the farmers in decision making, it differs from one environment to another (Pudasaini, 1983: 508-15). Kalirajan and Shand, however makes a counter argument that even though the level of schooling affects productivity, the level of education of farmers is not necessarily significantly related to the level of yield because even farmers who are illiterate or semi-illiterate can still understand the technology of modern production the same way their educated counterparts can on condition that the said technology is properly communicated (Kalirajan and Shand, 1985:232-41). Using a case study of rice farmers from Tamil Nadu, Kalirajan and Shand, analysed the various education types in relation with productivity in an endeavour to determine whether farmers’ schooling had a bigger influence on the level of yield in comparison to non-formal education. They found that schooling (educational level) of the farmers had an independence on yield though it was insignificant, and a farmer’s non-formal education had a significant and bigger influence on the yield thereby concluding that the farmers’ level of schooling and productivity should not always be significantly related (ibid).

Wade argues in ‘Economic conditions for collective action in South India’, that the degree of scattering of the holdings also affects the performance of irrigation schemes. This is because “if holdings are not scattered, the externalities of water use are ‘uni-directional’ that is the actions of irrigators with land at the head of the block impose costs on those towards the tail, but not vice-versa, thus making there to be a clear difference of interest between top-enders and tail-enders, with the tail-enders having a stronger incentive than the top-enders to agree to strong community organization and formal rules. On the other hand, if the holdings are scattered, an irrigator with land near the top end of one block may have another plot near the bottom end of another block, which diffuses the direction of the externality and helps to create a common interest in rules and organization” (Wade, 1989: 185).

Another important factor that largely affects productivity in large-scale irrigation schemes is management. Uphoff observed that irrigation analysts and different agencies of development have recognized irrigation management as a very important factor affecting productivity and consists of a technical infrastructure and an institutional framework which determines the use of that infrastructure, which are both important in the success of the irrigation system  (Uphoff, 1985b:2) There is need to have institutional capacity to manage all these factors in order to ensure that the schemes operate to their full capacity. Ruigu notes that “some degree of control and discipline is required in an organized community such as Mwea and Ahero where the well being of the tenants and of the schemes are dependent on the performance of a technically determined cycle of activities” (Ruigu, 1988: 11). The importance of institutions has been given emphasis by several authors, the leading one being North D. who notes that; “the growth of economies has occurred within the institutional framework of well-developed        coercive policies, --economic history is overwhelmingly a story of economies that failed to produce a set of economic rules of the game that induce sustained economic growth” (North, 1990:14, 98).

Institutions play a very crucial role in the formulation and operation of any economic or social policy. In irrigation schemes, the management thus sets the rules and regulations which specify the rights and obligations of both the tenants or farmers on one hand and the management team on the other. Therefore it is important to have a strong institutional capacity to bring the different factors together in order to enable the irrigation project achieve maximum results. This is consistent to the theory of management of common property resources.

Fujita et. al in the conditions of collective action for local commons management, observed that there is need to “recognize the ability of rural communities in conserving common pool resources including irrigation water adequately, while cautioning against the inefficiency of state bureaucracy in the use of local information, and this paradigm has been used to support of ‘irrigation management transfer’ that advocates the hand-over of the management of irrigation systems from state agencies to the groups of local beneficiaries, commonly called irrigators associations” (Fujita et. al,2000:2-3). 

In their study in East Laguna village, in the Philippines, Hayami and Kikuchi found that the National Irrigation Administration (NIA) which is a ‘government-owned and controlled corporation’,  relied on support from the government and donors to maintain the quality of the scheme, and when the support diminished the NIA was pressed by the need of cost cutting. On the other hand, the NIA in response promoted Community Irrigation Associations (CIAs) and in turn transferred tasks previously performed by NIA workers to CIAs in an endeavour to maintain the quality of the irrigation system, faced by constraints of resource mobilization for maintenance.  In organizing CIAs, the National Irrigation Administration faced institutional development challenges within the local communities owing to the growth of members of the CIAs. However, success of CIAs was recorded in small areas known as laterals in the scheme but failed in the larger areas. The biggest challenge lay in mobilizing farmers in a strong way to prevent free riders from illegal water take outs and lack of payment of irrigation fees. The farmers demanded appropriate reform actions but while this induced change in the smaller laterals, it failed in the larger laterals as the National Irrigation Administration failed to adequately support institutional development in larger areas, leading to “exit” from the CIAs by farmers in these areas. (Hayami and Kikuchi, 2000: 2)

According to Wade, another important factor in the management of irrigation schemes is the state’s models of local government forms. He found that in irrigation villages in India, state officials often respond to pressure or bribes just like in other services provision for example agricultural extension services, supply of electricity or village access roads which implies that the villages which can organize to collect quickly the required amounts of money or contacts are better and will be advantaged in comparison to those that are less well organized (Wade, 1989: 190). This therefore implies that in the management of irrigation schemes, the way the tenants and farmers organize themselves in the schemes have an implication on how they will access the various services that the state officials offer and hence have an effect on the yield levels. In Kenya, the state officials involved in the management of irrigation schemes include the settlement managers, general manager, Engineers, Accountants, irrigation officers and field staff in the ministry of water and irrigation.

Njagi observed that large irrigation projects benefit from economies of scale from indivisible inputs such as skilled labour, plant and machinery. They also have the capacity to attract highly skilled managers and due to the interest they generate, implementing agencies have incentives to maintain low cost. Smaller irrigation projects on the other hand are easy to manage, e.g. working with fewer farmers makes it easier to coordinate and systems are easier to manage (Njagi, 2009: 8). On the other hand, Inocencio et al. found that in Sub Saharan Africa, small irrigation projects showed higher performance measured by yields, water distribution, and operations within the scheme, due to better management compared to bigger irrigation projects where as they did not benefit from scale economies. Large irrigation projects enjoyed reduced costs per unit, but faced complexities in operations, water distribution and were more complex to manage. They therefore recommended that though scale economies were important to make efficient use of scarce inputs, performance of large scale projects was poorer than that of smaller projects. A carefully designed project, maximising these complementary factors, would be more efficient (Inocencio et al, 2007)
Inocencio et al. also found a country’s level of development affects the cost of a project which in turn affects the projects performance. With higher level of development, wages in such countries tend to be high compared with countries which are less developed (ibid).

In Conclusion therefore we have seen that there are various factors that affect the productivity in irrigated rice schemes and also looked at management aspects in irrigation schemes. We can now develop the analytical framework in the next section.
2.4 Analytical Framework 
The analytical framework acts like a linkage between the theoretical framework and the issues brought out in the review of literature in the context of the four irrigation schemes of this study.

Various factors have been noted in the literature to affect the yield levels in irrigation schemes and various management aspects have been discussed depicting the importance of institutions. This paper seeks to find out the effect of change of management on productivity levels in irrigated rice schemes in Kenya. It also seeks to establish the trends of productivity of rice in these schemes and understand the policy environment under which irrigated rice is produced in Kenya. 

To try and establish this relationship and trends, data from the National Irrigation Board (NIB) the Kenya National Bureau of Statistics (KNBS) and various economic surveys and statistical abstracts will be will be used. An analysis will be carried out on the four main rice irrigated government schemes namely Mwea, Ahero, West Kano and Bunyala.
The data set available on the four schemes include the area cropped in hectares, the plot holders’ number (number of tenants per scheme in each of the years under study), size of the schemes, paddy production and to calculate yield, we divide production by the area cropped. Yield is thus a measure of production per hectare. To establish the ownership/management characteristics of the schemes, information from the National irrigation Board (NIB) will be used which shows that the four schemes were under government management in certain years and then switched to community management in different years.
The study will use both descriptive analysis as well as panel data regression analysis. For descriptive analysis, tables and graphs are used to understand the operations of the individual schemes and know the trends in yield, production and area cropped. 

In panel data regression analysis using the fixed effects approach, a model will be developed which will establish the relationship between the dependent variable (yield) and its determinants, (the independent variables). The choice of these variables will also be explained both from the literature and this study.
2.5 Conclusion

Having looked at the theoretical considerations in the management of common property resources and identified some of the factors that affect productivity and management of irrigation schemes, we can now look at the operations of the schemes under study in Kenya in the next chapter.
Chapter Three: Agriculture, Irrigation and Operations of Different Rice Irrigation Schemes in Kenya.

3.1 Introduction
This chapter looks at Agriculture, food security and irrigation in Kenya, trends in rice production in Kenya, the operations of different rice irrigation schemes in order to provide a basis for understanding the operations of the different schemes and the empirical analysis in the next chapter.

3.2 Agriculture and Food Security 
Food insecurity has been an issue in Kenya just like many developing countries due to erratic rains which in turn causes poverty, usually exhibited by inadequacy of most households in the country to attain and retain livelihoods which are sustainable. Therefore, there is a necessity to turn to irrigation in order to raise the food security and ultimately raise the earnings and empowerment of the people. This is further because, in many parts of the country rain-fed agriculture is unable to produce enough yields.

According to Ministry of Planning, National Development, Kenya: 2007, agriculture in Kenya has a contribution of 23% in the Gross Domestic Product (GDP), with cereals providing the biggest share of calories, having a 47.1% contribution of this supply of calories in the 2000-2005 period. Furthermore, the report notes that the country has an inadequate production of cereals like maize, rice, wheat, millet and so on. Quite a good number of the population are turning to the consumption of rice and therefore its increased production has to be given more emphasis in order to enhance food security in the country (GOK, 2007:1-2). This is further aggravated by the fact that Kenya produces only a third of the rice it needs, relying on imports to make up for the difference (FAO: 2009). 

3.3 Rice Production in Kenya
Rice irrigation schemes were first started by the government. Out of the four schemes Mwea irrigation schemes in Central Province is the largest, followed by Ahero and West Kano in Nyanza province and then Bunyala Irrigation scheme in Western Province. 
The schemes were centrally managed by the National Irrigation Board. Plots were allocated to the tenants and inputs provided to them. They were expected to plant rice of which a part they would keep after the harvest for their consumption and the rest was purchased centrally. The farmers were however not allowed to grow any other crop (Niemeijer et. al, 1985:67).
The table and figure below shows the total area cropped, total production and total yield of rice in the schemes in Kenya under study from 1985 to 2006. 

Table 3.1:
Rice Production in Kenya from 1985 to 2006
	Year
	Total Area cropped-Ha
	Total-Paddy
	Yield (Hectogram)

	1985
	10423
	34694
	39795

	1986
	7928
	32658
	41194

	1987
	7926
	34483
	43508

	1988
	7954
	34304
	43128

	1989
	8027
	32561
	40563

	1990
	7183
	32783
	45641

	1991
	7681
	35620
	46371

	1992
	7837
	33178
	42335

	1993
	7840
	30987
	39524

	1994
	7592
	29528
	38894

	1995
	7691
	30606
	39795

	1996
	7269
	31559
	43416

	1997
	7129
	24654
	34583

	1998
	7255
	35452
	48866

	1999
	10130
	48285
	47665

	2000
	12069
	49265
	40819

	2001
	6534
	15682
	24001

	2002
	16020
	35775
	22331

	2003
	10320
	47625
	46148

	2004
	10915
	62677
	57423

	2005
	11727
	62986
	53709

	2006
	9413
	53115
	56427


Source: KNBS (2007)
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Figure 3.1: 
Rice Production in Kenya from 1985 to 2006
Source: Author’s Construction Based on data from KNBS, 2007
The above figure shows the trend of rice production in Kenya from 1985 to 2006 based on data from the Kenya National Bureau of statistics in the four schemes under study. The total area cropped is measured in hectares, while production is the total paddy. Yield per hectogram is measured by diving production by area cropped.

 Now, looking at the figure critically, we notice that production was decreasing slightly from 1985, but from 1997 upto 2001, several shocks were experienced. In the year 2001 particularly, the production and yield recorded a sudden decline. This can be attributed to the “apparent ineffectiveness of reforms taken and implemented in the whole agricultural sector due to the disorder in the sequence of the reforms and inadequate synchronisation of these agricultural reforms with other policies to bring tangible results” (Odhiambo et al, 2004:17).

The country witnessed drought in the year 1984 and 1996. This drought was followed by el-nino rains which caused flooding and led to a decrease in yield and productivity in some areas. This drought was also felt in neighbouring countries and affected agriculture. From the figure above, the decline in yield and production was witnessed in 1985, 1990, and 1992. However, production increased in 1996 from 30,606 tonnes to 31,559 tonnes. 

According to Njagi, the government policy on rice farming remained largely unchanged and over time, production deteriorated over disputes on price fixing resulting in farmers lacking incentives to raise their production. This as a result led to a major rebellion in the Mwea scheme in 1999 and thereafter the farmers took charge of rice production which in turn led to the collapse of the other rice schemes in Ahero, West Kano and Bunyala (Njagi, 2009:10).

In the period 2002 to 2006, the management of rice had changed from fully government run irrigation schemes to community managed schemes which was done through community irrigation associations which made farmers to have more representation in the management structure of irrigation schemes. With the National Irrigation Board (NIB) receiving less treasury disbursement, the community was left with a larger role to play while government retained minimal staff to help the community with management of issues of technical nature which it had inadequate capacity. The associations worked under the supervision of the NIB and had the responsibility of ensuring that water gets to the paddy fields. This new structure gave farmers the incentive to increase production because they were now in charge of their own production and marketing process (Njagi, 2009: 14-15)
3.4 Operations of Different Irrigation Schemes in Kenya

According to the Kenya Natural Resources Management Project- Irrigation and Drainage Sector Institutional Reform Consultancy Report (GOK, 2009:9), there are three types of irrigation schemes in Kenya; smallholder (usually community based) irrigation schemes, private schemes and public or national schemes. They can be summarised in the table below;

Table 3.2:
Types of Irrigation Schemes in Kenya
	Type of irrigation scheme
	Features

	Smallholder (community based) irrigation scheme
	They are owned and managed by Irrigation Water Users’ Associations (IWUAs) within the scheme;

The general management of these schemes is done by the Ministry of water and Irrigation.

	Private Schemes.
	They have been developed, and are owned and managed by farmers or companies.

	Public or ‘national’ Schemes.
	Developed, and are managed by the Government, mostly via the National Irrigation Board (NIB), which is a state corporation.


Source: Kenya Natural Resources Management Project – Irrigation and Drainage Sector Institutional Reform Consultancy Report (GOK, 2009: 9).
Smallholder or community based irrigation schemes are to a large extent developed by the farmers individually through irrigation water users’ Associations. According to Niemeijer et. al, “they are largely managed by the participating farmers who have more freedom to select the types of crops to be cultivated and to manage their farms according to their own insights” (Niemeijer et. al, 1985:18).

The major challenge facing smallholder schemes are problems of marketing, inadequate access to credit facilities to enhance their operations and lack of a clear policy environment under which they can operate in as the existing irrigation Act only caters to a large extent on the advancement and management of public irrigation schemes (ibid).
Private sector schemes as explained in the Irrigation and Drainage master plan involve individual medium to large-scale farms and in most cases which grow crops which are usually oriented for exports for example flowers, coffee and horticulture pineapples (GOK, 2009:20). 
Public sector/National irrigation schemes are developed, and are managed by the Government, mostly via the National Irrigation Board (NIB), which is a parastatal under the Ministry of water and irrigation(GOK 2009: 9).This National Irrigation Board (NIB) was established by the Irrigation Act of 1966, CAP 347 Laws of Kenya. According to Chambers and Moris, NIB was given the task for the “development, control and improvement of national irrigation schemes” (Chambers, 1973:168). NIB is a parastatal under the Ministry of Water and Irrigation. According to the NIB website, the NIB is supposed to play a principal role in the managing, coordinating and implementing the activities in the irrigation sub-sector, particularly the public large-scale schemes it being the key player in the sub-sector (NIB website)
. 
The National Irrigation Board achieves its goals through following and implementing the Irrigation Act, 1966. According to this Act, Section 15 (2), the NIB was given powers;

(a) “to conduct research and investigation into the establishment of national irrigation schemes;

(b) in conjuction with the Water Resources Authority established under the Water Act, to formulate, and be responsible for the execution of, policy in relation to national irrigation schemes;

(c) in consultation with the Minister and the Minister for the time being responsible for finance to raise funds for the development of national irrigation schemes;

(d) to co-ordinate and plan settlement on national irrigation schemes.

(e) to design, construct, supervise and administer national irrigation schemes;

(f) to determine the number of settlers to be accommodated in a national irrigation scheme;

(g) to provide land in national irrigation schemes for public purposes;

(h) to promote the marketing of crops and produce grown or produced on national irrigation schemes and to liase with organizations responsible for the marketing of agricultural produce;

(i) to provide, either by itself or by agreement with others, for the processing of agricultural produce grown or produced on national irrigation schemes;

(j) to award scholarships and bursaries for the study of irrigation (both in Kenya and elsewhere) or any other subject which the Board considers to be of benefit to the Board” (GOK,1966:sect.15(2)
).
Therefore, the National Irrigation Board was to enhance the overall coordination of the irrigation schemes and this there were supposed to do through enhancement of standardisation of accounting procedures, give guidance in procurement issues as well help in the implementation of the irrigation rules and regulations which laid down the various obligations of both the government and the tenants. This hence helped in ensuring that each scheme does not operate independently but as one body.  Kenya as a country has not developed a new national irrigation strategy and hence the Irrigation Act, 1996 (CAP 347) is the one still in force. However, it is in the process of developing a new strategy keyed to the concept of intergrated water resources management built on the Water Act 2002 (Neubert et al, 2007:30) 
3.5 Development of irrigation systems in Kenya
There are three categories of irrigation systems in Kenya namely smallholder, Public (national) and private systems. The table and figure below shows the trends in the development of the three irrigation systems in Kenya from 1963 to 2007;

Table 3.3: 
Trends in Development of Irrigation systems in Kenya (1963-2007) 

	Type/Category of Systems
	Area Developed with Irrigation (hectares)

	
	1963
	1975
	1985
	1995
	1998
	2003
	2005
	2006
	2007

	Smallholder systems
	1500
	2400
	17,500
	33,000
	34,650
	45,000
	45,800
	47,300
	50,000

	National (Public)Systems
	3200
	8500
	11,500
	11,700
	10,000
	10,000
	11,000
	12,500
	14,000

	Private Systems
	750
	10,000
	23,000
	37,000
	40,700
	42,000
	45,000
	48,000
	50,000

	Total
	5450
	20,900
	52,000
	81,700
	85,350
	97,000
	101,800
	107,800
	114,000


Source: Kenya Natural Resources Management Project – Irrigation and Drainage Sector Institutional Reform Consultancy Report (GOK: 2009). 
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Figure 3.2: Trends in Development of Irrigation systems in Kenya (1963-2007)

Source: Author’s Construction Based on data from Kenya Natural Resources Management Project Report, (GOK: 2009). 
As can be seen from the table, between 1963 when Kenya was gaining independence and 1975, there has been an increase in irrigated area of 15,450 hectares consisting of increases of 900 ha of smallholder irrigation, 5,300 ha in national schemes and 9,250 ha in private sector systems.

According to the Irrigation and Drainage Master Plan, at Kenys’s independence in 1963, the country had developed a total of 5,450 hectares of irrigation at Mwea, Lake basin, Yatta, Taita Taveta, Perkerra and other small irrigation schemes (GOK, 2009: 19)

On the other hand, between 1975 and 1985 which is a difference of 10 years, the irrigated area experienced an increase of 31,100 hectares consisting of increases of 15,100 ha of smallholder irrigation, 3000 ha in national schemes and 13,000 in private sector systems.

Similarly, between 1985 and 1995 which is a difference of 10 years, the irrigated area experienced a further increase of 29,700 hectares consisting of increases of 15,500 ha of smallholder irrigation, 200 ha in national schemes and 14,000 in private sector systems.

However, there was only a small increase in irrigated area between 1995 and 1998 of only 3,650 hectares consisting of an increase of 1,650 hectares of smallholder irrigation, 3,700 hectares in private sector system with national schemes decreasing by 1,700 hectares. This can be attributed to the fact that Kenya was experiencing some deterioration in its economic performance and the donor support was declining. Multilateral donor institutions suspended aid to Kenya in 1997 due to bad governance thereby affecting the investments in the irrigation schemes both private and public. 

The country also experienced el-nino rains in 1997 which led to the destruction of most infrastructural networks like roads and bridges which affected the economy and led to most of the resources to be diverted from crucial sectors like agriculture towards repairing the badly damaged infrastructure.

Between 1998 and 2003 which is a difference of 5 years, the irrigated area experienced an increase of 11,650 hectares consisting of increases of 10,350 ha of smallholder irrigation, 1,300 in private sector systems and no change in national schemes.

The years between 2003 to 2007, the irrigated area experienced an increase of 17,000 hectares consisting of increases of 5,000 ha of smallholder irrigation, 4000 ha in national schemes and 8,000 in private sector systems. There was a change of leadership in the country in this period and the new government had launched the strategy for revitalization of agriculture which also placed emphasis on the revival of collapsed irrigation schemes and strengthening through better management structures of the already existing ones.
Overall, the trend in the development of national (public) systems remained almost constant with very little variations in comparison to smallholder and private systems. 

This can be attributed to the fact that initially the national schemes performed well and led to the development of much agricultural produce in those schemes. However, in the 1980-1990s period, there was implementation of the Structural Adjustment Programmes (SAPs) that led to a decrease in government funding for delivery of services, thus affecting the operational funds to the National Irrigation Board, thus leading to the decline in the performance of national (NIB) managed schemes (GOK, 2009:137).

3.6 Irrigation scheme management
Scheme operations

According to Ministry of water and Irrigation, scheme operation is concerned with the passage and distribution of water in an irrigation scheme. For the success of an irrigation scheme, the objectives of scheme operations that are crucial are first, there should be equity of water distribution among irrigation schemes and within tenant plots in a scheme. Secondly, is adequacy of water in terms of flow rate to meet the individual tenant plots and the overall scheme irrigation requirements, in addition to the water supply being reliable to ensure that tenants have water when they need it for their cultivation and lastly there has to be efficiency in management to ensure that the water that is available is used optimally and that wastage is avoided (GOK, 2009: 46-47).

On the other hand, the complexity of operations of an irrigation scheme depends on some factors like the size of the scheme that is the area cropped, number of plot holders, number of farmers; the type of irrigation scheme; the design of the scheme; the patterns of cropping and water availability. It is more challenging to manage a scheme with less water available than is demanded by the farmers compared to one where water is sufficiently available (ibid).   
Having looked at the scheme operations in general, we can now look at the operations of the particular irrigation schemes under study.

Mwea Irrigation Scheme 
According to information available at the NIB Website, Mwea Irrigation scheme is located in Mwea division Kirinyaga district, in central province of Kenya. It is located about 100 km South East of Nairobi, the capital city of Kenya and near the foothills of Mount Kenya. 

It is the most profitable irrigation scheme in the country accounting for 80% of the rice produced (KHRC, 2000:3). Two main rivers Nyamindi and Thiba serve the scheme, with a link canal joining the two rivers which transfers water from Nyamindi to Thiba River which serves about 80% of the scheme while tenancy basis is the form of land tenure operational in this scheme (NIB Website
). 

On the issue of scheme management, the scheme started operations in 1956 and until 1998, it was being managed by different government agencies and in 1998 its management was taken over by the Mwea Rice Farmers Cooperative Society (ibid).

The challenges facing the scheme are the deficit of an established and stable credit provider since the collapse of the farmers’ savings and credit society, making them turn to commercial banks and other microfinance institutions that charge high interest rates which are detrimental to progress of the farmers (ibid).
Ruigu observed that in spite of rice being grown as a single crop per year in Mwea scheme, the yields here are high and almost equal to large scale farms of Japan and USA, with this scheme producing the high quality basmati variety (Ruigu, 1988: 15).

Ahero Irrigation Scheme
According to the National Irrigation Board, Ahero Irrigation scheme was established in 1969 and is located in the middle of the kano plain, 25 km southeast of Kisumu town, Nyanza province of Kenya. The climate of the Kano plain is relatively dry and the average temperatures are high during the day and the soil of the scheme is of the black cotton type and is rather fertile (NIB Website). 
 
When this scheme was being established, tenants had to shift from subsistence agriculture to a cash cropping economy. Compared to the Mwea irrigation scheme, paddy yields are much lower in this scheme (Ruigu, 1988:15).

West Kano Irrigation Scheme
According to the National Irrigation Board, West Kano Irrigation scheme’s operations stalled in the 1999/2000 cropping season owing to the exhaustion of the revolving funds as a result of the 1998 Mwea crisis and it was revived in the year 2003. The scheme is located in Nyanza Province of Kenya (NIB Website).
Bunyala Irrigation Scheme

This scheme is located in Western Province of Kenya and was launched in 1968, although the real operations started in 1969. This scheme draws its water from river Nzoia, and is situated in two locations namely Bunyala central which is in Busia district and Usonga in Siaya and these areas exhibit high poverty levels (Mambala, 2007: 1).

The scheme’s main objectives were to utilize efficiently the available land and water resource, enhancement of food security and self sufficiency as well as boost the income generated in the area. Further, the scheme was also supposed to help in employment creation in addition to enhance the sustainable supply of raw materials for agricultural based industries (NIB Website).

This scheme has benefited immensely from the Government policy to support the development of irrigation and this has been done by providing development funds for purchase of new pumps, irrigation accessories which has helped in the expansion of the irrigation scheme (ibid).   Paddy yields in this scheme match those in the Mwea irrigation scheme (Ruigu, 1988:15).

3.7 Conclusion
This chapter has taken a look at Agriculture and irrigation in Kenya. The trends in rice production in the irrigation schemes have been discussed as well as the operations of different rice irrigation schemes which will provide a basis of the empirical analysis in the next chapter.

Chapter Four: Methodology and Empirical Analysis
4.1 Introduction

This chapter starts by looking at the methodology and data. It further looks at the trends in production of rice in the four schemes under study and also takes a look at an empirical analysis of the change of management style and its effect on productivity levels in the four rice irrigation schemes under study in Kenya. 

4.2 Research Methodology and Data. 

This study employs descriptive analysis to depict the trend in productivity and yield of the various rice irrigation schemes under study. This analysis will help to inform the regression analysis later where the effects of changes in management style on productivity measured by yield will be investigated.

 The productivity is related to the number of hectares of schemes, Acreage per tenant and size of the schemes. These characteristics will help to measure the determinants of productivity in paddy farms. The interpretation of tables and graphs is done in view of our discussions in the previous chapters, which will help in drawing conclusions from the analysis and policy implications if any. 
The data set for this analysis has been obtained from various sources namely Kenya National Bureau of Statistics (KNBS), National Irrigation Board (NIB), various Economic surveys and the statistical Abstracts produced by the Government of Kenya from time to time.
The data set available on the four schemes include the area cropped in hectares, the plot holders’ number (number of tenants per scheme in each of the years under study), paddy production and to calculate yield, we divide production by the area cropped. Size is gotten by dividing the area cropped by the number of plot holders. Further, information from the National Irrigation Board, gives the ownership/management characteristics of the schemes that is either government managed or community managed.

For descriptive analysis, tables and graphs are used to understand the operations of the individual schemes and know the trends in yield, production and area cropped. Yield here is represented in hectograms per hectare for ease of graphing as opposed to tonnes per hectare which would otherwise give a single digit and cannot be seen properly in the graphs.

These variables are also used in the regression analysis to construct a model which will measure yield and its determinants. 
4.3 Descriptive analysis
The data on production, area cropped and yield will be analysed, in order to know the trend in the production and yield over time in each of the schemes under study. This will help to answer some of the research questions.

It will also help to analyse the relationship between the size of the scheme and the production and yield (productivity) in each scheme and also analyse the performance of the schemes against the policy environment they were operating in between 1985 to 2006. 

4.3.1 Rice holdings
 In the four schemes under study, the total number of plot holders was 80,065 for Mwea; 7,814 for Ahero; 13,804 for West Kano and 3,466 for Bunyala. On the other hand, the average number of plot holders was 3,639 for Mwea; 355 for Ahero; 627 for West Kano and 158 for Bunyala between the period 1985 to 2006.The table below summarizes rice holdings in the irrigation schemes under study from 1985 to 2006.

Table 4.1: 
Total number of holders in rice cultivation by schemes
	
	MWEA
	AHERO
	WEST KANO
	BUNYALA
	

	Year
	No. of Plot-holders
	%age
	No. of Plot-holders
	%age
	No. of Plot-holders
	%age
	No. of Plot-holders
	%age
	Total No. of Plot-holders 

	1985
	3234
	68.1
	491
	10.3
	826
	17.4
	197
	4.1
	4748

	1986
	3236
	67.5
	471
	9.8
	860
	17.9
	224
	4.7
	4791

	1987
	3236
	67.1
	462
	9.6
	871
	18.1
	254
	5.3
	4823

	1988
	3238
	67.2
	458
	9.5
	906
	18.8
	219
	4.5
	4821

	1989
	2248
	58.6
	407
	10.6
	944
	24.6
	236
	6.1
	3834

	1990
	3240
	66.1
	483
	9.9
	948
	19.4
	228
	4.6
	4898

	1991
	3240
	66.5
	479
	9.8
	928
	19.0
	226
	4.6
	4874

	1992
	3240
	69.6
	406
	8.7
	844
	18.1
	169
	3.6
	4658

	1993
	3242
	69.5
	409
	8.8
	848
	18.2
	170
	3.6
	4668

	1994
	3242
	71.5
	357
	7.9
	788
	17.4
	151
	3.3
	4537

	1995
	3243
	71.9
	348
	7.7
	764
	16.9
	153
	3.4
	4508

	1996
	3270
	73.4
	273
	6.1
	789
	17.7
	122
	2.7
	4454

	1997
	3392
	71.6
	398
	8.4
	802
	16.9
	148
	3.1
	4740

	1998
	3381
	73.0
	348
	7.5
	776
	16.8
	124
	2.7
	4629

	1999
	3500
	73.3
	449
	9.4
	703
	14.7
	125
	2.6
	4777

	2000
	3381
	74.4
	345
	7.6
	701
	15.4
	119
	2.6
	4546

	2001
	3835
	94.3
	230
	5.7
	0
	0
	0
	0
	4065

	2002
	3200
	95.8
	140
	4.2
	0
	0
	0
	0
	3340

	2003
	3400
	95.6
	157
	4.4
	0
	0
	0
	0
	3557

	2004
	5400
	90.6
	161
	2.7
	200
	3.4
	200
	3.4
	5961

	2005
	5400
	89.0
	271
	4.5
	187
	3.1
	208
	3.4
	6066

	2006
	7267
	92.5
	271
	3.5
	121
	1.5
	195
	2.5
	7854

	Total
	80,065
	
	7,814
	
	13,804
	
	3,466
	
	105,149


Percentages are authors own calculation

Source: Kenya National Bureau of Statistics (KNBS), 2007.
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Figure 4.1: Total number of holders in rice cultivation by schemes
Note: Mwea is on secondary axis

Source: Kenya National Bureau of Statistics (KNBS), 2007.
The table and figure above suggests that Mwea is the biggest rice irrigation scheme in Kenya out of the four rice irrigation schemes under study in terms of number of plot holders, followed by West kano, then Ahero while Bunyala had the least number of plot holders. The scale of the Mwea scheme is on the secondary axis in figure 4.1. 
4.3.2 Production

In the four schemes under study, the total production (paddy) was 726,684 for Mwea; 46,723 for Ahero; 38,641 for West Kano and 17,623 for Bunyala. On the other hand, the average production was 33,031 for Mwea; 2,124 for Ahero; 1,756 for West Kano and 801 for Bunyala between the period 1985 to 2006.The table below summarizes production in the irrigation schemes under study from 1985 to 2006.The table below summarises the total production of rice in the four government irrigated rice schemes in Kenya from 1985 to 2006 in tonnes.

Table 4.2: 
Total Production of rice by schemes in Tonnes

	
	MWEA
	AHERO
	WEST KANO
	BUNYALA
	TOTAL

	Year
	Production
	%age
	Production
	%age
	Production
	%age
	Production
	%age
	Total 

Production

	1985
	26407
	76.11
	4378
	12.62
	2650
	7.64
	1259
	3.63
	34694

	1986
	25236
	77.27
	3894
	11.92
	2319
	7.10
	1209
	3.70
	32658

	1987
	27163
	78.77
	4213
	12.22
	1728
	5.01
	1379
	3.40
	34483

	1988
	27555
	80.33
	2983
	8.70
	2387
	6.96
	1379
	4.02
	34304

	1989
	26713
	82.04
	2783
	8.55
	2124
	6.52
	941
	2.89
	32561

	1990
	25504
	77.80
	2986
	9.11
	3890
	11.87
	403
	1.23
	32783

	1991
	29274
	82.18
	2800
	7.86
	2546
	7.15
	1000
	2.81
	35620

	1992
	26765
	80.67
	2766
	8.34
	2632
	7.93
	1015
	3.06
	33178

	1993
	24205
	78.11
	2712
	8.75
	2997
	9.67
	1073
	3.46
	30987

	1994
	24892
	84.30
	1993
	6.75
	1726
	5.85
	917
	3.11
	29528

	1995
	25987
	84.91
	2054
	6.71
	1645
	5.37
	920
	3.01
	30606

	1996
	27488
	87.10
	412
	1.31
	2847
	9.02
	812
	2.57
	31559

	1997
	21352
	86.61
	968
	3.93
	1606
	6.51
	728
	2.95
	24654

	1998
	31876
	89.91
	1836
	5.18
	1976
	5.57
	837
	2.36
	36525

	1999
	44830
	92.84
	1497
	3.10
	1580
	3.27
	500
	1.04
	48406

	2000
	45810
	92.99
	1222
	2.48
	1742
	3.54
	491
	1.00
	49265

	2001
	14802
	94.39
	880
	5.61
	0
	0
	0
	0
	15682

	2002
	35550
	99.37
	225
	0.63
	0
	0
	0
	0
	35775

	2003
	46875
	98.43
	750
	1.57
	0
	0
	0
	0
	47625

	2004
	59520
	94.96
	741
	1.18
	1348
	2.15
	1068
	1.70
	62677

	2005
	57422
	91.17
	3779
	6.00
	774
	1.23
	1010
	1.60
	62986

	2006
	51458
	96.88
	851
	1.60
	124
	0.23
	682
	1.28
	53115

	Total
	        726,684
	
	46,723
	
	38,641
	
	17,623
	
	829,671


Percentages are authors own calculation

Source: Kenya National Bureau of Statistics (KNBS), 2007.
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Figure 4.2: Total Production of rice by schemes in Tonnes

Note: Mwea is on secondary axis

Source: Kenya National Bureau of Statistics (KNBS), 2007.
Having seen the trends in rice holdings and production, we can now look at the performance of the four individual schemes under study.

4.3.3 Mwea Irrigation Scheme 

The Table and figure below depicts the trend in production (paddy), area cropped (ha) and yield in hectograms for this particular scheme, from 1985 to 2006.

Table 4.3:
Rice Production in Mwea Irrigation scheme from 1985 to 2006
	Year
	Area cropped (Ha)
	Paddy (production)
	Yield (hectogram)


	1985
	8271
	26407
	31927

	1986
	5799
	25236
	43518

	1987
	5795
	27163
	46873

	1988
	5818
	27555
	47362

	1989
	5820
	26713
	45899

	1990
	5802
	25504
	43957

	1991
	5815
	29274
	50342

	1992
	5865
	26765
	45635

	1993
	5882
	24205
	41151

	1994
	5878
	24892
	42348

	1995
	5901
	25987
	44038

	1996
	6145
	27488
	44732

	1997
	6000
	21352
	35587

	1998
	6052
	31876
	52670

	1999
	8617
	44830
	52025

	2000
	10590
	45810
	43258

	2001
	6054
	14802
	24450

	2002
	15800
	35550
	22500

	2003
	10000
	46875
	46875

	2004
	10000
	59520
	59520

	2005
	10332
	57422
	55577

	2006
	8325
	51458
	61811


Source: KNBS (2007)

Figure 4.3: Rice Production in Mwea Irrigation Scheme from 1985 to [image: image8.png]/\
[\

Area Cropped (Ha)

-~ Paddy

1

Yield (Hectogram)

\
\

60000

50000

40000

30000

20000

10000

900T
S00T
00T
€00T
200t
100T
000T
666T
866T
L66T
9661
5661
66T
€661
7661
1661
066T
6861
8861
£86T
9861
5861




2006
Source: Author’s Construction Based on data from KNBS, 2007
As can be seen in the figure and the table above, the production and yield rose considerably after 1998 upto 2001. This can be attributed to change of management from government management to management by the co-operative society.

 4.3.4 Ahero Irrigation Scheme 

The Table and figure below depicts the trend in production (paddy), area cropped (ha) and yield in hectograms for this particular scheme, from 1985 to 2006.
Table 4.4: 
Rice Production in Ahero Irrigation scheme from 1985 to 2006
	Year
	Area Cropped (Ha)
	Paddy
	Yield (Hectograms)

	1985
	1225
	4378
	35753

	1986
	1192
	3894
	32681

	1987
	1199
	4213
	35152

	1988
	1171
	2983
	25485

	1989
	1287
	2783
	21632

	1990
	1032
	2986
	28934

	1991
	1045
	2800
	26794

	1992
	1006
	2766
	27495

	1993
	967
	2712
	28046

	1994
	867
	1993
	22987

	1995
	876
	2054
	23447

	1996
	232
	412
	17759

	1997
	304
	968
	31842

	1998
	441
	1836
	41633

	1999
	764
	1497
	19588

	2000
	736
	1222
	16603

	2001
	480
	880
	18333

	2002
	220
	225
	10227

	2003
	320
	750
	23438

	2004
	315
	741
	23524

	2005
	684
	3779
	55218

	2006
	651
	851
	13082


Source: KNBS (2007)
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Figure 4.4: Rice Production in Ahero Irrigation Scheme (1985-2006)

Source: Author’s Construction Based on data from KNBS, 2007
From the figure above, the yield in the Ahero scheme goes down in the year 1998 from 41633 hectograms to 19588 hectograms in 1999 and declined further in the year 2000. This according to the NIB website is due to the fact that in the 1999/2000 cropping season, the operations in this scheme stalled. This was occasioned by the exhaustion of the revolving funds subsequent the crisis in Mwea.

Also notable is the fact that in year 2004/2005, the yield goes up sharply a reason that can be attributed to the revival of the scheme by the Ministry of Agriculture/FAO through an injection of Kshs. 25 million and in July 2005 the scheme was placed under the management of National Irrigation Board (NIB website).
4.3.5 West Kano Irrigation Scheme
The Table and figure below depicts the trend in production (paddy), area cropped (ha) and yield in hectograms for this particular scheme, from 1985 to 2006.

Table 4.5: 
Rice Production in West Kano Irrigation scheme from 1985 to 2006
	Year
	Area Cropped
	Paddy
	Yield (Hectograms)

	1985
	644
	2650
	41121

	1986
	649
	2319
	35750

	1987
	626
	1728
	27616

	1988
	690
	2387
	34616

	1989
	726
	2124
	29245

	1990
	783
	3890
	49701

	1991
	759
	2546
	33557

	1992
	735
	2632
	35810

	1993
	761
	2997
	39382

	1994
	621
	1726
	27794

	1995
	687
	1645
	23945

	1996
	656
	2847
	43399

	1997
	589
	1606
	27267

	1998
	523
	1976
	37782

	1999
	549
	1580
	28772

	2000
	548
	1742
	31788

	2001
	0
	0
	0

	2002
	0
	0
	0

	2003
	0
	0
	0

	2004
	400
	1348
	33700

	2005
	493
	774
	15715

	2006
	268
	124
	4621


Source: KNBS (2007)
Figure 4.5: Rice Production in West Kano Irrigation Scheme from 1985 [image: image10.png]Area Cropped
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to 2006
Source: Author’s Construction Based on data from KNBS, 2007.
4.3.6 Bunyala Irrigation Scheme

The Table and figure below depicts the trend in production (paddy), area cropped (ha) and yield in hectograms for this particular scheme, from 1985 to 2006.

The scheme operations stalled in the 1999/2000 cropping season due to depletion of the revolving funds following the 1998 Mwea crisis (NIB website). This is the reason why in the table below, in the years 2001, 2002 and 2003 there were no yields due to this stalling.

Table 4.6: 
Rice Production in Bunyala Irrigation scheme from 1985 to 2006
	Year
	Area Cropped
	Paddy
	Yield (Hectogram)

	1985
	283
	1259
	44445

	1986
	289
	1209
	41879

	1987
	307
	1379
	44990

	1988
	276
	1379
	49964

	1989
	194
	941
	48383

	1990
	118
	403
	34098

	1991
	232
	1000
	43148

	1992
	231
	1015
	43939

	1993
	230
	1073
	46652

	1994
	226
	917
	40575

	1995
	227
	920
	40529

	1996
	236
	812
	34407

	1997
	236
	728
	30847

	1998
	239
	837
	35021

	1999
	200
	500
	25005

	2000
	195
	491
	25179

	2001
	0
	0
	0

	2002
	0
	0
	0

	2003
	0
	0
	0

	2004
	200
	1068
	53400

	2005
	218
	1010
	46352

	2006
	169
	682
	40324


Source: KNBS (2007
Figure 4.6: Rice Production in Bunyala Irrigation Scheme from 1985 to 2006
Source: Author’s Construction Based on data from KNBS, 2007
4.3.7 Conclusion

From the above tables and figures on the four schemes under study, we can calculate average production and average yield for each scheme. The average yield (tonnes/hectare) is 4 for Mwea, 2.63 for Ahero, 2.73 for West Kano and 3.50 for Bunyala. On the other hand, the average production is 33,031 for Mwea, 2,123 for Ahero, 1,756 for West Kano and 801 for Bunyala.

This suggests that Mwea has the highest average yield per hectare. This according to Chambers can be partly attributed to environmental factors which favour Mwea as a rice production scheme, good cultural practices on the resident tenants of Mwea and strict management (Chambers, 1973:107). Further, between the years 2001 to 2003, there was no production in both West Kano and Bunyala irrigation schemes which therefore affected the total production and yield. This was caused by lack of cooperation between farmers and scheme management which caused violations in the scheme rules. 
4.4 Regression Analysis
In formulating the regression model for our analysis, use will be made of the discussion in the Literature review where the different factors that affect productivity were identified. Some of the factors that the literature identified as affecting productivity in irrigation schemes include the total area under cultivation, availability of water, usage of inputs, amount of labour hired, the level of education of the farmers, the degree of scattering of the holdings as well as the management structure. Therefore a regression model will be developed with these factors in mind and also considering the data that is available.

We can now turn to the specification of the model.
4.4.1 Model Specification 

In order to specify our model, some considerations have to be put in place about which variables should go into it in light with the objectives of the study, the research question(s) and the availability of data.
Yield (Production per hectare).  

Rice yield is measured by dividing production (total paddy) by the total area cropped (Ha). Therefore the yield is a measure of production per hectare. Yield is our dependent variable as our aim is to establish the impact of changes in management systems and other factors on the yield in irrigated rice schemes in Kenya.
Production (Paddy)
The data on production relates to the rice that is harvested that is dry grain only. According to Food and Agricultural organization, FAO when measuring production of cereals “Cereal crops harvested for hay or harvested green for food, feed, or silage and those used for grazing are excluded” (Food and Agricultural Organization).
Region where the scheme is located.

The four schemes are located in different areas and regions with Mwea located in central region, Ahero and West Kano in Nyanza region and Bunyala in Western region. These regions have different ecological climates and this has an effect on the volume of water entering to an irrigation scheme, and in turn affects production.

Type of Management (Either community or Government managed)

The type of management of a scheme matters a lot since the style of management was switching from government management to Community management of irrigation Schemes. Therefore this is an important factor to be put into consideration as it is the main focus of the study.
Drought (Availability of water).
In spite of paddy rice being grown under irrigation, weather still plays a key role. Rainfall shortage results in less water in canals which reduces areas cropped in the different schemes in addition to their efficiency. Moreover, for many farmers in these irrigation schemes, there is irregular water supply as a result of inadequate maintenance of irrigation facilities or poor regulation of water distribution (Carruthers and Clark, 1980:234).

Size (Area cropped/ number of Plot holders)
This is gotten by dividing area cropped by the number of plot holders. The size is a measure of the number of users. According to Wade “the smaller the number of users the better the chances of success, down to a minimum below which the tasks able to be performed by such a small group cease to be meaningful” (Wade, 1989:215).
These are the variables that this study will take into consideration. The other factors identified in the literature are omitted in the model because of unavailability of data.

Therefore, taking the above factors into consideration, our model will take the form;

Yit= c+ β1 Paddyit + β2 Size+ + β3 Ownshipt + β4 Drought + εit. 
Where Yit is yield in scheme i in year t, and this is the dependent variable.

The independent variables are;

Paddy represents Paddy production in Tonnes in scheme i in year t.

Size is Area cropped divided by Plotholders.

Ownship is a dummy variable for the ownership/management of the irrigation schemes (with 0 if scheme i is under government management and 1 otherwise that is if it is under community management.

Drought is a dummy variable (1 if there was drought in year t otherwise 0)

Since we are dealing with panel data using fixed effects, the Region dummy is omitted.  The fixed effect method takes care of the regional dummies. The fixed effects are estimated instead of the regional (irrigation scheme) dummies. 

The analysis is based on data obtained from Food and Agricultural Organization (FAO), National Irrigation Board (NIB) and the Kenya National Bureau of Statistics (KNBS). The data contains panel data on production characteristics in the four rice irrigation schemes in three provinces described above that is Mwea, Ahero, West Kano and Bunyala. The table below presents the regression results;

Table 4.7 
Regression results from Panel Data using fixed Effects 

	Yield
	Coefficient.
	Std. Error.
	t-value
	P>|t|

	Paddy
	0.0000896   
	0.0000156     
	5.74   
	0.000     

	Ownship
	-0.6735331   
	0.2167484    
	-3.11   
	0.003    

	Drought
	-0.0490425   
	0.1904512    
	-0.26   
	0.798    

	Size
	-0.5061546   
	0.1621651    
	-3.12   
	0.003    

	Constant
	3.739594   
	0.3055372
	12.24   
	0.000     

	Observations
	82
	
	
	

	R-squared
	0.41
	
	
	


Source: Author’s construction based on results from stata regression.
4.4.2 Interpretation
When we use the fixed effects model, an assumption is made that there are time invariant unobserved fixed effects that are correlated with the independent variables. However it is always the practise to check with random effects which assumes that the unobserved fixed effects are not correlated with the independent variables. We conduct the hausman test which checks which is more efficient and the results show, random effect model is inconsistent so our first assumption that the unobserved fixed effects are correlated with the independent variables is correct. Hence the model is efficient.

Paddy is significant even at 99% (both 5 & 1 %) confidence interval. It has a positive coefficient which means that if paddy production increases by one tonne, yield will increase by 0.0000896ton/ha ceteris paribus.
Ownership is also significant at 99% Confidence Interval, but it is negative which means that under community ownership, yields decline by 0.6734 ton/ha ceteris paribus.
Drought is not significant, therefore there is no evidence that drought affects yields. The drought dummy was 1 if there was drought in a certain year and o otherwise. This finding holds practically because in the irrigation schemes, this drought may not affect yields much because the schemes are supplied by water from rivers for example “Mwea irrigation scheme draws water from Rivers Thimba and Nyamindi which flow from the Central Kenya Highlands, Ahero and West kano  Irrigation schemes draw water from Nyando river which is fed by the Rift Valley highlands while Bunyala scheme draw water from the Western Highlands” (Njagi, 2009:11)and therefore the drought may take long to affect the rivers.

Size has a negative coefficient meaning that the smaller the plots the higher the yields. This can be understood by the labour intensity of rice production since the smaller the plot the more effort the tenant can spend per ha.

The R-squared is 0.41 meaning that the model explains 41% of variations in yields. This means that 59% of the variations in the yields cannot be explained by the model due to omitted variables.
4.4.3 Hypotheses Testing 
In our panel data analysis, each cross-sectional unit has the same number of time series observations hence it is a balanced panel, that is each irrigation scheme has the same number of time series observations. 

From the panel data regression analysis using fixed effects approach, not enough evidence is found to support our hypothesis that Community managed schemes are more productive than government managed irrigation schemes in the production of Rice in Kenya. 

The ownship dummy takes a value of 0 if scheme i is under government management and 1 otherwise that is if it is under community management. The results suggest that when the schemes were under government management, they are more productive.

Since in panel data fixed effects approach, we are taking all the schemes together we can use the ownship dummy coefficient to establish the effect of management on yield. The ownship dummy coefficient is -0.6735331. This means that under community ownership, yield drop by 0.67 tonnes/ha, thereby going contrally to our hypothesis.
The total average yield for all the schemes is calculated as;

Total average yield = Total yield/ No. Of observations= 293/88 = 3.33

 88 observations are gotten by multiplying our four schemes by the number of years under study which is 22. Therefore 67.4% of the total average yield is 2.24 meaning that management has a big role to play in the performance of irrigation schemes.

For comparison with the fixed effects approach, we can test the results from the Ordinary Least Squares linear regression analysis shown below;

Table 4.8: 
Regression results from using OLS Linear Regression

	Yield
	Coefficient.
	Std. Error.
	t-value
	P>|t|

	Paddy
	0.0000552  
	7.35   
	7.51  
	0.000     

	Ownship
	-0.5323657
	0.2333442
	-2.28
	0.025    

	Drought
	-0.0135799
	0.213542
	-0.06   
	0.949

	Size
	-0.5952601
	0.1490472
	-3.99   
	0.000   

	Constant
	4.178363   
	0.2582454
	16.18
	0.000     

	Observations
	82
	
	
	

	R-squared
	0.42
	
	
	


Source: Author’s construction based on results from stata regression
From the results of OLS linear regression above, there is consistency with the results found in the fixed effects approach. The R-squared has gone up slightly as well as the constant. The other variables are also consistent in interpretation as was found in the fixed effects approach.

On the ownership, the coefficient is also negative and significant (-0.5323657) meaning that under community ownership, yields decline by 0.5324 ton/ha ceteris paribus, which is consistent with the results for fixed effects.
 4.4.4 Conclusion

Our null hypothesis was Community managed schemes are more productive than government managed irrigation schemes in the production of Rice in Kenya. However, through a panel data regression analysis using the fixed effects approach it has been found that in the four rice irrigation schemes under study, there is no enough evidence to support this hypothesis. A comparison of the fixed effects results with the OLS regression results gave almost similar results. Therefore the null-hypothesis, H0: Community managed schemes are more productive than government managed irrigation schemes in the production of Rice in Kenya, should be clearly rejected in favour of the alternative hypothesis, HA: Community managed schemes are less productive than government managed irrigation schemes in the production of Rice in Kenya.
The reason why there is no enough evidence to support this evidence as other studies have found might be due to data limitations and unavailability. As was found out the R-squared is 0.41 meaning that the model explains 41% of variations in yields. This means that 59% of the variations in the yields cannot be explained by the model due to omitted variables that might have been discussed in the literature but could not be included due to unavailability of data.
Chapter Five: Conclusions and Recommendations 

This study has attempted to investigate how the change of management affects the productivity levels in irrigated rice schemes in Kenya. It has also attempted to show the trend in irrigated rice production in national schemes in Kenya, as well as finding the other determinants of irrigated rice production in government schemes in Kenya and how they affect the production and yield. Lastly, the study wanted to find out the policy environment relating to the production of irrigated rice in Kenya
From our empirical analysis, not enough evidence is found to support our hypothesis that Community managed schemes are more productive than government managed irrigation schemes in the production of Rice in Kenya. However, this may be due to omission of variables due to unavailability of data that could have given a different result. Some of them may include household characteristics, availability of credit facilities, Usage of inputs, educational levels and so on.

The study has found that the Irrigation Act, 1966 has provided the policy framework which the national irrigation schemes in Kenya have been managed. The study also found that apart from national schemes, other irrigation systems in Kenya are small holder and private irrigation systems. 

From the theory and literature, we found out that the government has an important role to play in the development of irrigation systems in Kenya. The performance of irrigation projects depends on a number of factors for example the size of the project, the availability of underground water and rainfall, the level of technology employed and development of the infrastructure. 

Production (paddy) has positive impact on yields hence the government should aim at strengthening measures that increase production in irrigation schemes for example provision of more extension services to the rice farmers in order to boost the yield levels.
A recommendation from this study is for further research to be carried out in this area and adding more variables to the study to compare the results.
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� Kenya Vision 2030 is a path or Vehicle for fast tracking the process of transforming Kenya into a rapidly industrial middle-income country by the year 2030 (GOK, 2009: 1-3)


� (Al-hassan, 2008:3) Also explains these factors.


� (Wade, 1989: 200-204) also explains the prisoner’s dilemma.





� (Ruigu, 1988:9). Also explains this idea.


� Article available online at www.sciencedirect.com.


� See also (Ruigu, 1988: 10).


� This is gotten from the Irrigation Act, 1966 CAP 347 Laws of Kenya Section 15(2).


� � HYPERLINK "http://www.nib.or.ke/index.php?option=com_content&task=view&id=39&Itemid=21" ��http://www.nib.or.ke/index.php?option=com_content&task=view&id=39&Itemid=21�.


� (Noij and Niemeijer,1988: 11) Also explains this.


� The percentages are calculated on the basis of the number of plot holders in a scheme as a percentage of the total number of plot holders in all the schemes under study.


� Yield is gotten by dividing production by area cropped and multiplying by 10,000 to convert it into hectograms.
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