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ABSTRACT 

Maize is the main staple food crop in Kenya and the government policy objective is to 

increase maize production in order to achieve food self-sufficiency and security. The 

government has been applying import tariffs on maize, procuring maize at support prices, and 

imposing non-tariff barriers on maize imports as measures aimed at motivating farmers to 

produce more maize. Maize production has not, however, substantially improved in the last 

13 years, and consumption demand has remained above domestic supply. This study aimed to 

assess maize supply response to price and non-price factors and how sensitive fertilizer and 

labour demand are to prices and non-price factors. The study used cross-sectional farm-level 

data pertaining to 2003/2004 cropping year for 1187 maize producing households in Kenya. 

Normalized restricted translog profit function was used to estimate maize supply and variable 

input demand elasticities. Results showed that own-price elasticity of maize supply is less 

than unity, implying that maize support price is an unattractive policy for expanding maize 

supply. Fertilizer use was found to be particularly important in the decisions on resource 

allocation in maize production. Of the fixed inputs, land area was found to be the most 

important factor contributing to the supply of maize. Market access and educational 

endowment of the household head seemed not to have much influence on maize supply. It is 

suggested that since high maize support price may not be feasible, making fertilizer prices 

affordable to small holder farmers by making public investment in rural infrastructure and 

efficient port facilities and promoting standards of commerce that provide the incentives for 

commercial agents to invest in fertilizer importation, wholesaling and retailing would be 

desirable. Encouraging more intensive use of other productivity enhancing inputs in addition 

to fertilizer is also suggested, since land consolidation to achieve economies of scale seems 

untenable in the light of the existing extensive fragmentation of land parcels into 

uneconomical units. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background information 

Maize is a major staple food for over 80% of Kenya’s population (Nyameino, Kagira, 

and Njukia, 2003) and shortage in maize supply is, to a large extent, synonymous with food 

insecurity. It supplies 40% to 45% and 35% to 40% of the calories and proteins, respectively, 

consumed by an average Kenyan (Mghenyi, 2006). It is grown in virtually all agro-ecological 

zones of the country, ranging from highlands to semi-arid areas and humid coastal lowlands. 

It is estimated that maize accounts for 20% of all agricultural production and 25% of 

agricultural employment (Republic of Kenya, 2003). About 3.5 million small-scale farmers 

account for about 75% of the total maize produced in the country, while large-scale farmers 

account for the remaining 25% (Nyoro, 2002). Large-scale commercial farms, however, 

contribute a significant amount of total marketed maize output.   

Due to the importance of maize for food security, the government of Kenya has over 

the years pursued policies that influence maize production and marketing. The policies, 

which have gone through several reforms, have been based mainly on the objective of self-

sufficiency in maize. Prior to 1987, the government held full control of maize trading 

environment, as well as that of maize-inputs delivery system. Prices of maize and maize meal 

were set pan-seasonal and pan-territorial. Prices of inputs such as inorganic fertilizers and 

seeds were also controlled. The government also controlled inter-district movement of maize. 

Regulations were effected through the National Cereals and Produce Board (NCPB), which 

held monopoly of maize marketing. 

This strict policy regime changed in 1987 when the country embarked on a Cereal 

Sector Reform Program (CSRP) as part of its overarching structural adjustment policies. The 

reform process intensified in the early 1990s when, under pressure from international lenders, 

the government eliminated movement controls on maize trading, deregulated maize and 

maize meal prices, and eliminated direct subsidies on maize sold to registered millers (Jayne 

and Kodhek, 1997). By the end of 1993, the market for maize was fully liberalized. The 

NCPB, however, remained active in the liberalized market, but its role was reduced from that 

of a sole trader to an agency buying maize for the purpose of building national strategic 
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reserves.  

These reforms, however, received mixed reactions. Farmer lobby groups argued that 

lower maize producer prices as a consequence of liberalization were a disincentive to 

production and, therefore, a direct threat to national food security. Consequently in 1999, the 

government reinstated the NCPB to procure maize at fixed support prices. Currently the 

government intervenes in the maize market in three ways: variable import tariffs on imports; 

maize procurement at support prices through the NCPB; and non-tariff barriers on imports. 

These policies are aimed at maintaining stabilized and reasonably high maize prices as 

incentives for producers to produce more maize. 

With respect to controls in the input delivery systems, the government was involved 

mainly in the fertilizer market. Between 1974 and 1984, the government provided fertilizer 

importation monopoly to one firm, Kenya Farmers Association (KFA) (Ariga, Jayne and 

Nyoro, 2006). The monopoly position of KFA was later viewed as an impediment to the 

development of the fertilizer market, and during the rest of the 1980s, the government tried to 

encourage other firms to enter the market albeit under very tight controls. It determined 

which firms to operate, through licensing requirements and allocation of foreign exchange 

(Argwings-Kodhek, 1996). The government set official fertilizer prices to which the licensed 

firms and traders were to adhere.  There was also donor fertilizer aid, accounting for over half 

of total imports during the late 1980s, over which the government was responsible for 

coordinating with the commercial imports. The government increasingly recognized that its 

controlled pricing structure did not ensure adequate margins for retailers to supply the 

relatively distant rural areas. While the controlled pricing structure was designed to improve 

farmers’ access to fertilizer, it had the opposite effect in the more remote areas. These 

concerns led the government to reform the fertilizer marketing system (Ariga, Jayne and 

Nyoro, 2006). By 1993, fertilizer prices were decontrolled, donor imports dwindled to 5 % of 

total fertilizer consumption, and small-scale farmers have hitherto relied exclusively on the 

private sector and cooperatives for fertilizer supply. 

1.2 Statement of the problem  

Despite the government’s pursuit of maize pricing policies aimed at giving maize 

producers higher and stabilized maize prices to motivate them to produce more, Kenyan 

maize production has not kept pace with consumption. In the last 13 years between 
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1990/1991 and 2002/2003, annual maize consumption averaged 30 million bags while 

production averaged 28 million bags (Jayne, Myers and Nyoro, 2005). To bridge the ever 

increasing gap between maize supply and demand, Kenya relies on imports. It is evident that 

the emphasis on higher and stabilized maize producer prices as a means to motivate increased 

maize production has not worked. While input prices, including fertilizer prices, as well as 

non-price factors, including land, access to markets, and household demographic 

characteristics, including education, often influence farm production, Kenyan maize supply 

response to these input prices and non-price factors is not known. Consequently, less 

emphasis has been put on the input prices and non-price factors in the policy objective of 

increased maize production for food self-sufficiency and security. There is, therefore, a 

pressing need for empirical understanding of maize supply response to price and non-price 

factors in order to enable informed policy formulation that will work appropriately towards 

pursuing the objective.  

1.3 Objectives of the study  

The overall objective of this thesis is to empirically assess maize supply response to 

price and non-price factors. The specific objectives are:  

1. to estimate maize supply elasticity with respect to maize price;  

2. to estimate maize supply elasticity with respect to prices of  inputs (fertilizers and labour);  

3. to estimate maize supply elasticity with respect to non-price factors (land, access to 

markets and education); and 

4. to examine the relative importance of maize prices, input (fertilizers and labour) prices 

and non-price factors (land, access to markets and education) on maize supply. 

1.4 Hypothesis of the study 

This thesis is guided by the following hypotheses: 

1. Own-price elasticity of maize supply is inelastic.  

2. Positive relationship exists between maize supply and prices of inputs (fertilizers and 

labour).  

3. Negative relationship exists between maize supply and non-price factors (land, market 

access and education). 
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1.5 Justification of the study 

Understanding maize supply response to maize prices and input prices and how non-

price factors, namely land, access to markets and level of education, influence maize supply 

is inevitable if effective policies are to be designed to encourage maize production. In Kenya, 

hardly any studies have been conducted on maize supply response taking into account the 

influence of prices of inputs and non-price factors. The past and present maize price policies 

have been based on the assumption that higher maize prices induce greater production, which 

further stimulates demand for purchased inputs. The strategic position of maize in food 

security considerations in Kenya, and the widening gap between maize production and maize 

consumption as a result of near stagnant maize production in the face of rising population 

calls for the stakeholders in the Kenyan maize sector to do more for the sector. This study is 

an attempt to understand, using farm-level data, maize supply response to maize prices and 

input prices as well as non-price factors. Estimates of maize supply and variable input 

demand elasticities with respect to maize price, variable input prices, and fixed inputs are 

valuable results in themselves, as they are a prerequisite and can be applied to assess the 

impact of a variety of micro-policy actions. Own-price elasticity of maize supply is important 

in understanding the effectiveness and impact of maize price policies on maize supply. 

Relative response of maize supply to maize price and input prices explains whether ‘getting 

maize prices right’ alone is enough in enhancing maize supply. This serves to inform policy 

debate on where price policies should be targeted to achieve higher maize production. 

Elasticities of maize supply with respect to non-price factors, namely land, access to market 

(measured by distance to motorable road) and household demographic characteristic, namely 

education level of household head, explain the importance of non-price factors in influencing 

maize supply. This gives insight into what policies regarding the relevant non-price factors 

should be pursued to increase maize supply. By providing empirical support to these 

postulates, this study serves to inform policy debate regarding the relative importance of price 

and non-price factors in influencing maize supply in Kenya. It is also hoped that the 

information revealed will complement the store of information that is already available on 

production in the maize sub-Sector. The present work will, thus, prove useful to public and 

private researchers and policy makers seeking to understand more of the Kenyan maize sub-

sector. 
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1.6 Scope and limitations 

This study is confined to maize as a single commodity and the findings cannot be 

generalised to other crops even though such crops might be produced under similar 

environmental and policy conditions as maize. The use of cross-sectional data for the study 

may imply underestimation of the elasticity of maize supply with respect to non-price factors. 

This is because if large farm operators were to become smaller over time (say as a result of 

demographic change), they would adopt the pattern of allocative behaviour of their smaller 

counterparts only with a lag. This implies that cross-sectional maize supply elasticity with 

respect to land size may be underestimated, other things remaining the same. For another, 

price variables may exhibit a significantly lower degree of variation in a cross-section than 

over time. This may lead to under-estimation of price elasticities. 

1.7 Definition of terms 

Maize supply: Maize supply in this study refers to domestic maize output (production). 

Household: A household refers to a group of people, who live under one roof or compound, 

make and eat their meals together, and jointly make economic decisions. 

The rest of the thesis is organized as follows: Chapter 2 presents a detailed review of 

studies on supply response in Kenya and other countries, focusing on objectives of the 

studies, methods used, results obtained and recommendations advanced. Theoretical underpin 

of the thesis is also discussed. Chapter 3 gives methodology followed, with focus on data 

sources, and empirical model. Results and discussion are presented in Chapter 4. Chapter 5 

concludes by presenting summary of results, policy implications and recommendations and 

opportunity for further research in this area. 
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CHAPTER 2 

LITERATURE REVIEW 

The seminal work of Nerlove (1958) set the pace for studies on agricultural supply 

response to price and non-price factors. Since then, a number of studies on agricultural supply 

response to price and non-price factors have been undertaken across many regions, on 

individual commodities and at aggregate level. A significant number of these studies focus on 

price elasticity. These studies are important to agricultural response analysis because prices 

and non-price factors are the channels through which policies affect agricultural variables 

(e.g. output supply and input demand). Supply response results enhance an understanding of 

the impacts that alternative policy packages may have on households’ production activities 

and other market participants. This chapter presents a review of some of the studies on 

agricultural supply response by examining critically the objectives, methodology applied and 

the findings of each of the studies. The theoretical basis for the present study is also 

presented. 

2.1 Modelling agricultural supply response  

Supply response studies have been widely surveyed by many economists. 

Comprehensive reviews of these studies have been provided by Askari and Cummings 

(1977), Berhman (1989), Rao (1989), Ozanne (1992) and Mamingi (1997). The reviews 

reveal that time-series data have been very popular in estimating supply equations for 

individual annual crops (Nerlove, 1958; Trail et al., 1978; Jaforullah, 1993). The adaptive 

expectations model of Nerlove (1958), in which the expected price is a function of the most 

recent past price and past errors in predicting prices, has been the most popular in examining 

agricultural supply response. The Nerlovian specification of adaptive expectations is based on 

the history of past prices with weights declining geometrically over time. This approach has 

been criticized on the grounds that: (1) price weights are subjective as opposed to being the 

explicit outcome of an optimization process and (2) price predictions under-use the 

information available to the decision maker (i) on the structural process of price formation, 

for which one should use knowledge of both supply and demand or whatever more complete 

structural model is the best available predictor; (ii) on available forecasts about the 

exogenous variables that affect this process; and (iii) on anticipated policy changes that affect 

price formation, a process that corresponds to the ‘Lucas critique’ (Lucas, 1976). Nerlovian 
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models, however, are quite practical, and their numerous variants have been applied to many 

crops in many countries (Sadoulet and de Janvry, 1995). 

Modern research has relied on the more theoretically sound profit function approach 

to output supply and input demand (e.g. Sadoulet and de Janvry, 1995; Rao, 1989; Mundlak, 

1985; Abrar et al., 2004; and Farooq et al., 2001). Compared with a correct theoretical 

specification of supply response as derived from the theory of producer behaviour, many 

formulations of the Nerlovian models have not been careful about specification of the 

estimated equations. Specifically, the estimated supply functions should be homogenous of 

degree zero in prices, include the prices of important factor inputs such as fertilizers, and 

make explicit the role of fixed factors.  The profit function approach is both more 

theoretically rigorous and more demanding in terms of data. Profit function approach, 

however, has not paid attention to the mechanisms of expectations formation for prices and of 

partial adjustment in production. Sadoulet and de Janvry (1995) suggest that the best of what 

the two approaches offer needs to be integrated. How this is done depends, in each particular 

case, on the objectives of the analysis and the data availability, seeking to strike a balance 

between rigour and convenience. For the moment, theory is on the side of the profit function 

approach while theory is badly mistreated in most Nerlovian specifications (Sadoulet and de 

Janvry 1995).  

2.2 Agricultural supply response studies 

Debate on policy responsiveness of agriculture concentrates on the relative 

importance of price and non-price factors (Binswanger, 1990). Some researchers attach a 

pivotal role to price policies (World Bank, 1990), while others argue that policies oriented 

toward inputs are more effective in raising agricultural output in developing countries 

(Delgado and Mellor, 1984). Others maintain that prices and the provision of inputs and 

public support are co-requisites (Schiff and Montenegro, 1997). In developing countries, 

however, ambiguities abound about the precise role and impact of agricultural policies 

(Farooq, 2001). Partly this is attributable to the lack of farm-level analysis of the effects of 

policies (especially relating to prices) on the supply response of peasant farmers (Abrar, 

Morrisey and Rayner, 2004). 

Supply response can be examined for broad agricultural aggregates or for single 

commodities. It is the supply response of specific commodities rather than of broad 
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agricultural aggregates that is of importance for formulation and proper targeting of policies. 

There have been few studies conducted in Kenya on supply response of crops. However, 

studies on supply response are extensive. The few supply response studies that have been 

conducted in Kenya focused on single commodities (including maize) (Kere, et al., 1989, 

Kirori and Gitu, 1991, Gitu and Wyckoff, 1984 and Maitha, 1974) and aggregate agricultural 

supply (Narayana and Shah, 1984). The single commodity studies followed Nerlovian 

approach and used time-series data to provide predictions on how specific crops and livestock 

production will respond to variations in producer prices. The study by Kiori and Gitu (1991) 

focused on disaggregated estimates for each major crop and livestock commodity at both 

national and district levels and between large and small scale production systems. All the 

single commodity (crop) studies analysed hectarage response to crop output prices. The 

results from these studies supported the a priori expectations that producers respond 

positively to output prices, though there were variability in the elasticities computed. 

Narayana and Shah (1984) employed auto regressive intergrated moving averages 

(ARIMA) estimations of expected prices and yields to estimate Nerlovian
 
response functions 

for large and small farms in
 
Kenya. The expected prices and yields were forecasted from past 

prices and yields by identifying the stationery and random components of each past price and 

yield. The results showed that (expected) yield levels, rather than
 
expected output prices 

affected the supply response of small farms, whereas
 
large farms reacted more strongly to 

output prices. The study considered broad agricultural aggregates and focused on the 

response of acreage on expected output prices and expected yield levels.  

Both the single commodity and broad agricultural aggregates studies conducted in 

Kenya did not, however, take into account the response of farmers to input prices such as 

fertilizer prices and wage rates and non-price factors such as access to markets and household 

demographic characteristics such as education, which are also important in influencing farm 

production. Moreover, several policy changes that affect production and marketing structure 

of maize have occurred. These include the full liberalization of fertilizer market in 1990, 

partial deregulation of maize marketing, and imposition of variable import tariff on maize 

imports. 

Several related studies on supply response have been conducted in several developing 

countries as Kenya. A study by Abrar, Morrisey and Rayner (2004) on the responsiveness of 

peasant farmers to price and non-price factors in Ethiopia using farm-level data found that 
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own- price output supply elasticity was very low and output supply was not responsive to 

fertilizer prices or wage rate. Non-price factors were far more important in affecting 

production and resource use than price incentives. The study employed quadratic production 

function and compared the use of primal and dual approaches to estimating elasticities and 

concluded that both approaches give the same result. The study was based on broad 

agricultural aggregates. While supply response of broad agricultural aggregates rather than of 

specific commodities is important in analysing the supply response to agricultural policy 

reforms (since these reforms have a significant impact on the entire economy), its results are 

less applicable in informing policies targeting a specific commodity. 

In another study, Abrar, Morrisey and Rayner (2002) assessed the responsiveness of 

peasant farmers to price and non-price factors using farm-level survey data from Ethiopia, 

and the extent to which responsiveness varied with agro-ecology and farming systems. Agro-

climatic and farming system differences were explicitly accounted for by estimating 

separately output supply and input demand elasticities for three different agro-ecological 

regions. The study found that farmers responded positively and significantly to price 

incentives, and that responsiveness to prices was far greater in the more climatically favoured 

and commercially oriented regions. The study also observed some important differences in 

the relative importance of non-price factors across agro-ecological zones, although the 

differences were not generally large compared to the effects of prices. The study suggested 

that there was a need to strengthen market incentives through effective policies that would 

improve farmers’ access to better quality land, credit and inputs, and public investment in 

roads and irrigation. Abrar, Morrisey and Rayner (2002) based the study on profit function 

and used normalized quadratic functional form. Again, the study was of aggregate nature and 

was not targeted to a specific commodity. 

Abrar (1996) used farm-level data from Northern Ethiopia to examine aggregate 

agricultural supply response in the presence of technical inefficiency using profit function 

approach. He found that farmers in Ethiopia did respond significantly to price incentives. By 

explicitly incorporating technical inefficiency in the analysis Abrar’s study departed from the 

neo-classical assumption of the existence of technical efficiency (i.e., that farmers use input 

resources available to them to achieve the maximum output, given the technology) which 

most micro-economic studies of supply response maintain. The current study, however, 

assumes the existence of technical efficiency and focuses on maize as a single commodity.  
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A claim that agricultural liberalisation which introduces price incentives and efficient 

marketing will encourage producers to respond motivated McKay, Morrisey and Vaillant 

(1997) to examine the aggregate supply response of agricultural output in Tanzania. Their 

estimated elasticities were quite high so that they concluded that the potential for agricultural 

sector response to liberalisation of agricultural prices and marketing may be quite significant 

in Tanzania. They also suggested that complementary interventions to improve infrastructure, 

marketing, access to inputs and credit, and improve production technology were also 

necessary. The study used Error Correction Model (ECM) with time-series data (a variant of 

Nerlovian models) and did not incorporate the influence on aggregate agricultural supply of 

non-price factors. The current study seeks to understand under the existing Kenyan maize 

marketing policy the supply response of maize using the profit function approach with cross-

sectional data, examining also the influence on maize supply of non-price factors. 

Sidhu and Baanante (1979) employed a restricted profit function approach to estimate 

jointly the profit and factor demand function from farm-level, cross-sectional data for 

Mexican wheat varieties in Punjab, India. The focus of the analysis was on fertilizer demand. 

The results indicated that output price was a more powerful policy instrument than fertilizer 

price to influence fertilizer use, output supply, and returns to fixed farm resources. The study 

also found that producers attained allocative efficiency, that education of the farm people 

significantly influenced agricultural production, and that profit function was a suitable 

concept for empirical analysis and interpretation. The study employed the Cobb-Douglas 

functional form, implying that the elasticity estimates were constant. This is unrealistic since 

diminishing marginal returns was obscured. 

In a separate study, Sidhu and Baanante (1981) applied translog profit function to 

farm-level data from Punjab, India, to analyse supply response of wheat. They compared the 

translog and Cobb-Douglas profit function formulation and concluded that the flexibility 

afforded by translog formulation permitted measurement of the different impacts that 

exogenous variables have within and across input demand and output supply functions. The 

study found that expansion in farm capital, in the form of implements and machinery, 

decreased significantly the demand for animal power, contributed positively to wheat supply, 

but did not significantly influence labour and fertilizer demand. The study also found that 

expansion of irrigation increased demand only for farm labour and fertilizer but not for 

animal power. The expansion in education of farm family was found to increase demand for 
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fertilizer and animal power and to significantly influence wheat supply. Exogenous increases 

in area under cultivation also increased wheat supply and demand for fertilizer, labour and 

animal power. 

A study by Flinn, Kalirajan and Castillo (1982) estimated the supply response and 

input demand by rice farmers in Laguna, Philippines. Results indicated that farmers did 

maximize short-term profits and responded to price changes efficiently. Own-price elasticity 

of rice supply was found to be approximately unity. Changes in real wages were estimated to 

have a greater impact on rice profit and supplies than changes in real prices of mechanized 

land preparation, fertilizer or pesticides. The authors also found that production elasticities 

derived from the profit function were consistent with those estimated directly from the 

underlying production function. The study used profit function approach in the Cobb-Douglas 

form and this limited the generality of the results. For example, constancy of the elasticity 

coefficients implied constant shares regardless of input level. The Cobb-Douglas 

specification also meant that substitution among inputs was unity. These limitations render 

the Cobb-Douglas specification incapable of reflecting the reality of the production 

environment.  

Haughton (1986) estimated the responsiveness of farmers to changes in output and 

input prices using cross-sectional survey data for farms in marginal rice-growing districts in 

West Malaysia. The purpose of the study was to test a hypothesis that supply response is 

sensitive to econometric model used and functional form employed. The study found that 

price elasticities estimated from input demand equations derived from a quadratic restricted 

profit function were superior to those derived from translog or Cobb-Douglas production 

functions or from a translog restricted profit function. The study concluded that Cobb-

Douglas production function is restrictive and should be used sparingly in estimating output 

supply and input demand elasticities. The study also suggested that restricted profit functions 

are only believable if the available price data are of high quality. Despite the study findings, 

Anderson, et al. (1996) point out that economic theory is not sufficient to determine the 

suitable functional form, although it does aid in identifying relevant variables and 

homogeneity restrictions. The preferred functional form is both data and method specific and 

as such there is no universal conclusion as to the superiority of a particular functional form. 

Microeconomic output supply and factor demand elasticities in agriculture of the 

Province of Taiwan were estimated by Yotopoulos, et al. (1976). The study employed 
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restricted profit function in Cobb-Douglas form to analyze cross-sectional farm household 

survey data. The study found that own-price elasticities of output and variable inputs were all 

greater than one in absolute value, indicating an elastic response of factor utilization. Cross-

price elasticities were, however, rather low, with the exception of output price and price of 

labour. Cross-price elasticities between variable inputs were negative, indicating that all the 

variable inputs were more complements than substitutes. The use of the Cobb-Douglas 

functional form of restricted profit to derive output supply and input demand functons from 

which the elasticities were computed implies that the elasticities were constant at all levels of 

input and output. This is contrary to diminishing marginal returns principle in production. 

In studying determinants of rice supply in Bangladesh, Chowdhry et al. (1994) 

employed profit function approach using cross-sectional data. The study objective was to 

establish the importance of price and non-price factors in determining rice output. The study 

found that prices overall were insignificant determinants of rice output, while non-price 

variables- farm size, adoption of high-yielding rice varieties and farmer’s managerial ability- 

significantly influenced rice supply. The study found that within the class of price variables, 

wage rate alone mattered in rice supply. Fertilizer prices did not make any difference in rice 

supply. Chowdhry et al. (1994) used normalised Cobb-Douglas profit function to derive 

output supply and input demand elasticities. Though the study preferred Cobb-Douglas to 

translog functional form due to the data set available, Cobb-Douglas functional form’s 

limitation of constancy of estimated elasticities was inherent in the study. 

Hattink et al. (1998) studied supply response of cocoa in Ghana. The study used 

cross-sectional farm-level production data based on profit function approach. The study 

found that cocoa producer price had an effect on cocoa production in the short run. In 

comparing their results with previous time series studies on cocoa supply response in Ghana, 

Hattink et al. (1998) found a somewhat smaller elasticity (0.13) than the elasticities (about 

0.2) found in the time series studies. The study’s result indicated that prices had a positive but 

small effect on resource allocation for cocoa production in the short run. For empirical 

analysis, the study used a normalised quadratic profit function because of the flexibility (non-

constant elasticities) of this form as compared to logarithmic formulations. Even though 

Hattink et al. (1989) generalize that logarithmic formulations of profit function derive 

constant elasticities, elasticities derived from translog formulation (which is a logarithmic 

formulation) are non-constant. A disadvantage of the quadratic formulation of the profit 
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function is that the choice of the numéraire affects the elasticity estimates. 

Farooq et al. (2001) studied the supply response of Basmati rice growers in Punjab in 

Pakistan. The objective of the study was to assess the scope of price support policy to achieve 

growth targets and whether additional assistance was needed from non-price policy measures. 

The study employed a translog profit function using farm household cross-sectional survey 

data. The result of the study was that to increase aggregated production of Basmati paddy, a 

price support policy was inadequate and supplementary measures aimed at promoting 

expansion in area under Basmati paddy and improving its varietal age on farmers’ fields, 

possibly through extension projects, were also desirable. The study also revealed that while 

deciding the support price for paddy, fertilizer prices needed careful consideration. Farooq et 

al. (2001), however, did not include access to markets as a variable in their model, though 

they had education level of household and farming experience of household head as variables 

but these were found to be insignificant in contributing to Basmati paddy production. The 

present study has used the translog profit function approach based on farm-level data to 

examine the supply response of maize in Kenya. The profit function approach makes it 

possible to incorporate input prices as well as non-price factors, in addition to maize prices, 

in the estimation. 

2.3 Theoretical framework 

Supply analysis encompasses the larger set of techniques that evaluate production 

responses to output-prices, input-prices and other measurable policy and environmental 

changes. The theory of the firm is the basis on which supply analysis is conducted (Colman, 

1983). Approaches to supply analysis can be classified into two main groups: normative 

(programming) and positive (econometric) approaches (Day, 1963; Shumway and Chang, 

1977; Colman, 1983; Sadoulet and de Janvry, 1995). In this study, a positive (econometric 

approach is followed). 

When the choice falls on a positive (econometric) approach to studying supply 

response, the next consideration pertains to the two sub-groups of positive analysis: the 

primal approach and the dual approach (Colman, 1983; Sadoulet and de Janvry, 1995).  

Assume that the production transformation set is represented by:  

F(y, x; z) = 0………………………………...…………………………………………1  
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where y represents the vector of m outputs; x represents the vector of n variable inputs; and z 

represents the vector of k fixed inputs and other exogenous factors. In the literature, the term 

primal has been used to refer to an optimization problem consisting of a behavioural 

assumption (e.g. maximize profit) and a set of constraints (e.g. the production function). 

From a differentiable form of this specification, output supply and input demand equations 

can be derived by solving the first order conditions (Abrar, 2001). Output supply and input 

demand elasticities can then be estimated from the derived output supply and demand 

functions. 

In the dual (or reduced form) approach, the production technology set is not estimated 

directly. The approach involves estimation of a profit function from either cross-sectional 

data (that show inter-farm variation in effective prices) or from long run time series data that 

show variation in prices and fixed factors or from a combination of the two data types 

(Sadoulet and de Janvry, 1995). Supply and factor demand functions, from which output 

supply and input demand elasticities are estimated, are then derived analytically. This 

approach is mainly used in cases with limited information on relevant primal variables and 

where possible estimation problems are associated with the production function approach 

(Chambers, 1988; Sadoulet and de Janvry, 1995). In the present study, only farm-level cross-

sectional data on maize production were available. Accordingly, the available data could only 

support a dual approach to studying maize supply response.   

Under the dual approach, using profit function,to supply response analysis, Lau 

(1978) has shown that the restricted profit function, defined as the excess of total value of 

output over the costs of variable inputs, is expressed as: 

π= π(p, w; z)………………………………….………………………………………2  

where π, p and w, respectively, represent restricted profit and vectors of output and input 

prices, while z represents quantities of fixed factors of production. This function depicts the 

maximum profit the farmer could obtain given prices, availability of fixed factors and the 

production technology (1). The optimization (using Hotelling’s Lemma) of the profit function 

(2) gives the profit-maximizing level of output supply and input demand functions 

respectively as: 

ym (p, w; z) = ∂π(p, w; z)/ ∂ pm, ..........................................................................3 

and -xn (p, w; z) = ∂π(p, w; z)/ ∂ wn ...........................................................................4 
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where m and n index the outputs and variable inputs respectively. In the case of a single 

output, a normalized restricted profit function (defined as the ratio of the restricted profit 

function to the price of the output), π*, can be specified. It depicts the maximized value of 

normalized profits given normalized (relative) prices of the variable inputs, wn*, and the 

quantities of fixed factors, i.e. 

π* = π*(w*; z)… ……………………………………………….………………...5, 

from which the factor demand equations are derived as: 

-xn (w*; z) = ∂π*(w*; z)/ ∂ wn*, ..............................................................................6 

In the case of multi-output normalised profit function, the numéraire is the output 

price of the n
th
 commodity (Färe, et al., 1995). Normalisation has the purpose of removing 

any money illusion - in other words, producers respond to relative price changes. 

Normalisation also reduces the demand on degrees of freedom, by effectively reducing the 

number of equations and parameters to estimate. The system of normalized restricted profit 

function and factor demand equations are simultaneously estimated. Output supply and input 

demand elasticities are computed from the estimated parameters of the profit function and 

input demand equations.  

The use of profit function in estimating supply response poses the challenge of the 

appropriate functional form of profit function to use. The choice of functional form is usually 

a compromise between theoretical requirements and econometric feasibility. Some of the 

commonly used functional forms are translog, quadratic and Cobb-Douglas. In this study the 

traditional Cobb-Douglas functional form was deemed unattractive because of the following 

limitations it exhibits:  

(i) It generates constant elasticities at all levels of output and inputs, so that diminishing 

marginal returns are unobservable; and 

(ii) Inputs must be used in strictly positive amounts. However, it is common to find that 

only some farmers use, say, fertilizer. In such a case the sample must be divided, or 

the variable in question eliminated, or a dummy be included. In any of these options 

information will be lost. 

The disadvantage of the quadratic functional form is that the choice of the numéraire 
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does affect the elasticity estimates. This study adopted the translog profit function to estimate 

maize supply response. The translog profit function has a convenient property of being 

flexible both in the sense of allowing for theoretical restrictions to be tested and offering a 

second order approximation of any function.  

2.4 Assumptions 

The following assumptions were made in this study: 

1. Maize producers are profit maximizers. This assumption is necessary when supply 

response is estimated using profit function approach. 

2. Homogeneity, convexity and symmetry conditions hold for the input demand and output 

supply functions. These conditions are necessary in utilization of duality approach in 

modelling supply response. 
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CHAPTER 3 

METHODOLOGY 

This chapter begins by describing the area of study in Section 3.1. Source of data for 

the study and sampling procedure followed in selecting the sample are presented in Sections 

3.2 and 3.3, respectively. Justification for use of cross-sectional data is provided in Section 

3.4. A detailed empirical model for the study is given in Section 3.5. Section 3.6 explains the 

Heckman procedure, while Section 3.7 describes estimation procedure for the model. The 

chapter concludes by discussing the variables used in model estimation. 

3.1 Area of study  

Kenya is located in East Africa and is bordered by Ethiopia to the north, Sudan to the 

north–west, Uganda to the west, Tanzania to the south-west and Somalia to the east. Indian 

Ocean borders Kenya to the south-east. The map of Kenya depicting its geographical location 

is presented in Appendix 1. Kenya has a total area of 582,646 square kilometres, of which 

11,230 square kilometres is covered by water. The population of Kenya was estimated at 33.4 

million people in 2005, with males numbering 16.2 million and females numbering 17.2 

million (Republic of Kenya, 2006).  

Kenya has tropical climate. The long rains occur from April to June and short rains 

from October to December. The long rains period define the main crop season while the short 

rains period define the short crop season. February and March are the hottest periods, while 

July the coldest period. Agriculturally, Kenya is divided into nine agro-regional zones 

(according to TIAPID’s agro-regional categorization), namely Western Highlands, Western 

Lowlands, Western Transitional, High Potential Maize zone, Central Highlands, Eastern 

Lowlands, Coastal Lowlands, Marginal Rain Shadow and Northern Arid Lands. These zones 

define agricultural enterprises that can be viably practised in them, but, nevertheless, maize is 

grown in virtually all the zones. 

3.2 Sources of data  

This study utilized cross-sectional farm household data on maize production and 

socio-economic characteristics. The data were provided by Tegemeo Institute of Agricultural 

Policy and Development (TIAPID), a research institute of Egerton University. The data 
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covers main crop season of 2003/2004 cropping year. The data were collected in the third 

wave of a country-wide true panel survey on 1397 households conducted between June and 

August 2004. The first and the second waves of the panel were conducted in 1997 and 2000, 

respectively. The first and the second waves of the true panel were not used in this study 

because data on labour input into maize production were limited (the first wave had labour 

input data only on one maize field while the second wave had data only on hired labour 

input). One of the agro-regional zones (Northern Arid Lands) was not included in the third 

wave of the survey.  

The choice of the data on 2003/2004 cropping year was based on the data’s richness 

in household agricultural production information, especially on maize production. Out of the 

1397 households, 1375 households produced maize in the main crop season in 2003/2004 

cropping year. Out of the 1375 households, data on 1187 households were used for the 

analysis. Households that registered negative profits from maize production were not 

included in the analysis.  

3.3 Sampling procedure 

TIAPID’s true panel was designed following a mix of purposive, multistage and 

systematic sampling techniques. Table 1 presents a summary of the stages involved in 

drawing the sample. Except for the selection of divisions, randomness was observed in the 

selection of locations, sub-locations, villages and, ultimately, households. 

Table 1: Sampling stages and procedure and sample size 

Step Sampling unit Sampling procedure Sample size 

I Division Purposive  41 

II Location Multistage 47 

III Sub-location Multistage 66 

IV Village Multistage 110 

V Household Systematic 1540 

Source: Household Survey, 1997, TIAPID 

National Census data of 1989 were used to establish the human populations of all 

non-urban divisions in Kenya. The divisions were assigned to one or more agro-ecological 

zones (AEZ) based on secondary data on agronomic characteristics obtained from the District 

Development Plans and the Farm Management Handbook and experience of the researchers 

at TIAPID. This process resulted in dividing Kenya's rural population into its make-up by 

AEZ. Within each AEZ, two or three divisions were chosen on the basis of their importance 
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(population size) within the AEZ. Diversity in cropping patterns was allowed to influence the 

selection of divisions where it was not clear which divisions to select.  

More diversity in cropping pattern within divisions was preferred since the aim was to 

get a sample that represented well the varied conditions faced by farmers in the country. The 

selected divisions fell within 24 districts. The divisions were grouped into 9 broad agro-

regional zones (ARZ) – a hybrid of administrative boundaries and AEZs. From each of the 

selected divisions, locations were then randomly selected. From the selected locations, 

random selection of sub-locations and villages in that order followed. From the selected 

villages, and with the help of the local administration officials and key informants, all 

household units within the villages were listed by the name of the head of the household (not 

in alphabetical order). A systematic sampling technique was used to select the households 

comprising the sample. Blind chance balloting was applied to determine the beginning 

selection from each list of households. The sample comprised 1540 households
1
 spread in 24 

districts out of the country’s total of 71 districts in 1997. 

Because of the purposive sampling technique employed in selecting divisions and 

small sample sizes in some districts, concerns have been raised about whether the TIAPID’s 

dataset is representative, and if so at which level. The sampling technique was aimed at 

selecting divisions among which there were variations in agro-regional zones, and which 

showed within-diversity in order to ensure that the resultant sample reflected the diverse 

conditions faced by farmers. The sample thus represents well the diverse farming 

environments and agro-regional conditions facing Kenyan farmers. TIAPID’s dataset can 

therefore be viewed to be representative at the level of broad agro-regional zones rather than 

at administrative boundaries such as districts and provinces. Table 2 shows the spread of the 

sample households in the agro-regional zones, agro-ecological zones, districts and divisions. 

 

 

 

                                                 

1
 The first wave of the panel had 1540 households while the third wave (2004 survey) covered 1397 households. 

This was due to attrition, as is expected in a panel study.  
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Table 2: Geographical distribution of the sample of households studied 

Agro-regional 

zone 

Agro-ecological 

zone 

District Division Number of 

households 

Coastal Lowlands    30 

 CL Kilifi Kaloleni 27 

 CL Kwale Kinango, Msambweni 3 

Eastern Lowlands    125 

 CL Taita Taveta Mwatate 4 

 LM3-6 Kitui Chuluni 18 

 LM3-6 Machakos Mwala 20 

 LM3-6 Makueni Kilome 51 

 LM3-6 Mwingi Migwani 32 

Western Lowlands    148 

 LM3-6 Kisumu Kadibo, Nyando,Winam 89 

 LM3-6 Siaya Uranga, Bondo 59 

Western Transitional    144 

 LM1-2 Bungoma Kanduyi 44 

 LM1-2 Kakamega Kabras, Mumias 100 

High Potential Maize 

Zone 

   361 

 UM2-6 Bungoma Kimilili, Tongaren 35 

 UM2-6 Kakamega Lugari 24 

 LH Bomet Kimulot 34 

 LH, UM2-6 Nakuru Mbogoine, Molo, Njoro 96 

 LH Narok Ololunga 23 

 UM2-6 Trans Nzoia  Cherangani, Saboti 55 

 UH, LH Uasin Gishu Ainabkoi, Moiben 94 

Western Highlands    133 

 UM0-1 Kisii Marani 82 

 UM0-1 Vihiga Sabatia 51 

Central Highlands    211 

  Meru W. Abothogucii 73 

 UM0-1, UM2-6 Muranga Kangema, Kiharu 57 

 LH, UM2-6 Nyeri Othaya, Mukurweini 81 

Marginal Rain 

Shadow 

   35 

 L Laikipia Lamuria 35 

Total    1187 

Note: CL=coastal lowland; LM3-6=lower midland 3-6; LM1-2=lower midland 1-2; UM0-1=upper 

midland 0-1; UM2-6=upper midland 2-6; LH=lower highland; L=lowland 

Source: Household Survey, 2004, TIAPID 

3.4 Justification for use of cross-sectional data 

For profit function approach to yield reliable supply response results, sufficient price 

variation is of necessity. While price variation is seldom a problem in time series data, the 
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nature of price variation in cross-sectional data usually is not as wide as is with time series 

data. While time series data would have been ideal in this study, such data was unavailable. 

In Kenya, it is exceedingly difficult, if not impossible, to put together a time-series on 

fertilizer and labour use for maize cultivation as a precursor to estimating maize supply 

response while taking into account input prices and non-price factors. Only data on aggregate 

quantities of fertilizer used are available in time-series, while time-series data on labour use 

on maize production is completely absent. Panel data sets, generated through sample surveys, 

while a better basis in this context, are usually rare, and in most cases do not have consistent 

content across the panel. Hence, in this study it remained an adequate procedure to use cross-

sectional data to estimate maize supply and input demand elasticities using the competitive 

assumptions required by the profit function approach. 

3.5 Empirical model 

This study adopted profit function approach to estimate maize supply response. 

Specifically, the farm household is assumed to maximize ‘restricted profits’, defined as the 

gross value of output less variable costs, subject to a given technology and given quantities of 

fixed factors. The resultant profit function depicts the maximum profit attainable for given 

input and output prices, the availability of fixed factors and the production technology. Since 

the study focuses on a single output, maize, the profit function is normalized using maize 

price. The normalized profit (defined as the ratio of profit to the output price) is a function of 

the relative price of inputs and fixed factors. Since the output price is used as a numéraire in 

this case, optimization of the normalized profit function derives the behavioural equations of 

variable inputs demand. The output supply equation is dropped and the profit and variable 

inputs demand equations are jointly estimated. Such joint estimation of the profit and variable 

inputs demand equations permitted by the profit function approach ensures consistent 

parameter estimates (Sidhu and Baanante, 1981). Output supply and input demand elasticities 

are then computed from the coefficients of the estimated normalized restricted profit and 

variable inputs demand equations. 

The normalized restricted profit function in translog form is given by: 
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where,  

*π  = Restricted profit,π , normalized by the output price (Ρ ) (Ksh/kg)  

*

iΡ  = Price of ith input ( iΡ ) normalized by the output price (Ρ ) (Ksh/kg) 

kΖ  = Quantity of fixed input, k. 

DU  = Dummy for Agro-regional Zone (1= High potential zone; 0, otherwise) 

oα , iα , ijγ , ikδ , kβ , khψ , are parameters to be estimated.  

In  = Natural logarithm 

The corresponding share equations are expressed as, 
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where iS is the share of ith input in the restricted profit, S is the share of output in the 

restricted profit, iΧ denotes the quantity of input i and Χ is the level of maize output. 

Since the input and output shares form a singular system of equations (since by 

definition ∑ =− 1iSS ), the output share equation was dropped and the profit and factor 

demand equations were estimated as a simultaneous system.  From the parameters estimated, 

variable input demand elasticities and output supply elasticities were computed at mean 

values of the variables. 

The use of profit function approach in estimating supply response requires that the 

function satisfy the following regularity conditions: 

(i) Linear homogeneity in prices 

The profit function is homogenous of first degree in prices, implying that if all prices 
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(of output and inputs) increased by a constant multiple λ, nominal profit (as opposed to 

normalized profit) will go up by the same multiple λ.
2
 

A corollary to the linear homogeneity condition is that output supply and input 

demand equations are homogeneous of degree zero in prices, implying unchanged output 

supply and input demands for equal proportionate changes in all prices. That is, output supply 

and input demands can be expressed as functions of normalized prices.  

(ii) Symmetry 

This implies that since the profit function is continuous and twice differentiable, its 

second-order partial derivatives must be invariant to the order of differentiation. That is, for 

profit function (1), ijγ = jiγ , ikδ = kiδ , khψ = hkψ  

(iii) Monotonicity 

The estimated values for output supply and input demand associated with the profit 

function must be positive at all data points; negative quantity makes no economic sense. 

(iv) Convexity in prices 

The matrix of the second derivatives of the profit function with respect to prices, 

called the Hessian matrix of price derivatives, must be positive semi-definite. 

3.6 Two-step Heckman procedure 

It was expected that not all the households used all variable inputs in the production 

of maize. As such it was expected that the inclusion of such variable inputs in the model 

would result into some particular problems, which are quite typical for imported, external 

inputs in low-income countries like Kenya, where markets are often far from perfect. Input 

market integration is low and constant availability is problematic; therefore the use of 

purchased production inputs is limited (Hattink, Heerink and Geert, 1998). It is, therefore, 

questionable whether every household could purchase a variable input at the time it wanted, 

                                                 

2
 The normalization process discussed before is based on this property. Specifically, setting λ equal to 

P

1
 

yields the normalized profit function as in (1). 
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as is implicitly assumed in the neoclassical demand function, (the iS  equation specified 

before). In such a situation it requires that a correction for zero use of variable input by means 

of a two-step Heckman procedure is specified (Amemiya, 1984). The first step of the 

Heckman procedure involves the estimation of the probability of using an input by means of 

a probit maximum likelihood using the following binary choice model: 

F
*
=Hθ+u 

where F
*
 is an unobserved latent variable determining a household’s decision to buy an input, 

H is a set of household characteristics hypothesized to affect the input use, θ is a vector of 

coefficients to be estimated and u is error term. The observed binary variable will be: 

F
* 
=1 (i.e., F

*
>0, for users of the input) 

    =0, otherwise (i.e., F
*
<0, for non-users of the input) 

Then, the resulting values of the vector θ are used to compute vectors of inverse Mills ratios, 

M1=
Φ
Θ
 and M2 =

Φ−
Θ−

1
, respectively, for sub-samples of users and non-users of the input. Θ 

and Φ are, respectively, the standard normal density and cumulative distribution evaluated at 

the point Hθ (Savadogo, Reardon and Pietola, 1995). In the second stage, the adjusted 

demand function for the input in question is estimated along with the other equations in the 

system by including M1 and M2 as regressors for users and non-users, respectively of the 

input. Once this correction is made, all observations, including observations where the input 

was not used in production, can be used to estimate the input demand equation. In the context 

of the present study the adjusted input share equation thus is of the form: 

∑ ∑
= =

+Ζ−Ρ−−=
Ρ∂

∂
−=

ΧΡ
=

2

1

1

3

1

*

*

*

)(
j k

kikjijo

i

ii
i MInIn

In

In
S µδγα

π

π
 

and 

∑ ∑
= =

+Ζ−Ρ−−=
Ρ∂

∂
−=

ΧΡ
=

2

1

2

3

1

*

*

*

)(
j k

kikjijo

i

ii
i MInIn

In

In
S µδγα

π

π
   (4) 

for the users and non-users, respectively, of the input. 

Although theoretically the Heckman procedure sounds rather well, applying it in 

practice is never so straightforward. By including inverse Mills ratio in the demand equation 
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of the input, the equation is only identified from the non-linearity imposed by the Heckman 

procedure (since the inverse Mills ratio is a non-linear function of the independent variables). 

But relying purely on non-linearities for identification is not the best strategy and so one 

needs as a condition at least one variable that enters the probit and not the input demand 

equation. If such a variable is absent, then the estimation is essentially reduced to a 

generalized Tobit.  

3.7 Model Estimation procedure 

For an econometric estimation of the model as represented by (1), (2) and (3) in 

section 3.5, a stochastic structure for the model is assumed by adding error terms. The error 

terms are assumed to be additive, and to follow a multivariate normal distribution with a zero 

mean and a constant variance.  

Since the parameters appearing in the input share equations (2) and (3) also appear in 

the profit function (1), increased efficiency would be obtained if all these equations were 

estimated jointly. However, after normalization of the profit and input prices by the output 

price, the output share equation (3) is dropped and the estimation proceeds with the profit 

equation (1) and the variable input share equations (2) or (4). 

The model represented by (1), (2) and (4) involves a system of seemingly unrelated 

regressions where contemporaneous correlations across equations are assumed. This is a 

reasonable assumption in that the parameters of the model are shared across equations. 

However, the application of the Ordinary Least Squares method in this situation would result 

in inefficiency as it would ignore the correlation of error terms across equations (Greene, 

1997, pp. 675). In other words, ‘‘by estimating each equation separately and independently, 

we are disregarding the information about the mutual correlation of the disturbances, and the 

efficiency of the estimators becomes questionable’’ (Kmenta, 1986, pp.637). For efficient 

estimators, Zellner’s estimation technique for seemingly unrelated regressions (Zellner, 1962) 

was employed.  

Seemingly unrelated regression estimation involves the technique of three-stage least 

squares, which applies the feasible generalised least squares (FGLS) estimation to the system 

of equations. Note that in this study the output price was chosen as the numéraire in the 

model and the FGLS estimates are sensitive to the choice of the numéraire. Invariance was, 

however, achieved by iterating FGLS procedure which also generates the maximum 
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likelihood estimates of parameters (Greene, 1997, p. 691). SUREG command in STATA was 

used for the estimation. 

3.8 Description of variables 

The price and non-price variables that were included in the estimation of the model 

are presented in Table 3. Expected sign of maize supply elasticity with respect to variable 

inputs’ prices and non-price factors are presented in the fourth column of the table. 

Table 3: Price and non-price variables included in model estimation 

Variable Description Measurement 
Expected 

maize supply 

elasticity 
Nprofit 

Restricted profit normalized 

by the price of maize 
Kenya shillings  

PF  
Price of fertilizer normalized 

by the price of maize 
Kenya shillings per kilogram - 

PL 
Wage rate normalized by the 

price of maize 
Kenya shillings per day - 

Z1 Land area under maize Hectares + 

Z2 
Distance to the nearest 

motorable road 
Kilometres - 

Z3 Household head’s education 
Number of years of formal 

schooling 
+ 

DU 
Dummy variable for agro-

regional zone 

1=high potential 

0, otherwise 
 

M Inverse Mills Ratio   

Seeduse 
Dummy variable for type of 

maize seed used 

1=high yielding maize variety 

0, otherwise 
 

Ofarminc Household off-farm income Kenya shillings  

Fertilizer is very important in influencing maize productivity. Fertilizer price is a 

major component in the farmers’ decision to use fertilizer. The price of fertilizer is expected 

to vary greatly across agro-regional zones and across seasons since input market conditions 

across the regions are varied. It is expected that an increase in the price of fertilizer will 

reduce fertilizer demand and depress maize supply. It is also expected that not all the 

households in the sample used fertilizer in maize production. 

Maize production is a labour intensive activity. Operations such as weeding, fertilizer 
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application and harvesting are the most commonly manually performed. Both family and 

hired labour are used on such activities. Daily wage rates for labour are expected to differ 

across agro-regional zones and even across villages. Family labour was valued at prevailing 

market wage rate in the village. As such the wage rate faced by family labour and hired 

labour in a household was assumed to be the same. The wage rate used is measured in 

shillings per man-day. In valuing family labour, adult female labour input was assumed to be 

75% that of an adult male as women typically have other demands on their time such as 

preparing food, collecting fuel wood, making purchases at the market and tending to young 

children in the household. Children’s
3
 labour was valued at 50% that of an adult male. No 

discrimination was made between labour input by male and female children. The reasoning is 

that female children do not have competing activities that would make them contribute 

significantly less labour input than their male counterparts. It is expected that an increase in 

wage rate will depress demand for labour and reduce maize supply. 

Maize price is used as a numéraire and does not directly enter the model as a variable 

for estimation. It is expected that elasticity of maize supply with respect to maize price is 

positive, as theory postulates. Although support prices offered by NCPB provide a floor to 

average market prices during post-harvest periods, the maize prices received by farmers are 

expected to depend on their specific market conditions. As such some variation in maize 

prices is expected even within a village. Households that did not sell maize did not have 

maize prices reported. However, although maize prices varied even within villages, the 

variation in prices in a given district was not much, so that mean district maize prices were 

used as imputed prices for households that did not report maize sales. Maize price is 

measured in shillings per kilogram. 

A number of farm and farm-operator-related variables are defined as fixed factors in 

the model. Land area planted with maize by the household is considered to constrain maize 

production in the short run, and so was considered a fixed input. Moreover, decisions on how 

much of what input (fertilizer and labour) to allocate to maize production are made assuming 

a fixed area of land allocated to maize production.  It is expected that increase in land area 

under maize will have an expansionary effect on maize output. 

Education (years of formal schooling) of the household head was included in the 

                                                 

3
 A ‘child’ herein is defined as any household member less than 15 years of age. 
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model to capture the role of human capital in maize production and input use. Some studies 

(e.g. Sidhu and Baanante, 1981) have used the average number of years of schooling per 

family member of the farm household to capture the role of human capital in farm 

production. However, in this study it is believed that the household head takes the leading 

role in decision making with regard to farm operations, so that his/her level of education is 

more relevant than the average education level per household member. It is expected that 

increase in the level of education of a household head will enhance maize production 

efficiency and increase production 

Distance from the household’s homestead to the nearest motorable road was used as a 

proxy for market access to capture the role of access to markets (both for input and output) in 

influencing output supply and input use. Distance to the market has often been found to be a 

key issue in production analysis and has been used as a proxy for market access, although, in 

Kenya, the quality of roads is also becoming an important issue in this debate (Karanja, Jayne 

and Strasberg, 1998). Another measure often used for market access is walking time to the 

market place, but this measure ignores the condition of roads and is subjective as the time 

reported depends on the estimation of the individual reporting. The distances to the nearest 

motorable road were collected from the respondents and confirmed by the researchers. 

To control for agro-regional differences, a dummy variable for agro-regional zones 

was included in the model. This study, however, departs from TIAPID’s classification of 

agro-regional zones into nine. The zones were grouped into two: high potential and low 

potential. The high potential zone comprises high potential maize zone, western highlands, 

western transitional and central highlands. The low potential zone comprises western 

lowlands, eastern lowlands, coastal lowlands and marginal rain shadow. The major 

characteristics that differentiate the high potential zone from the low potential zone are that 

fertilizer use on maize and maize productivity is higher in the former. The dummy variable 

thus defines whether a household belonged to a high potential zone or not. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

This chapter begins by giving a general description of the socio-economic 

characteristics of maize production in Kenya in Section 4.1. Section 4.2 provides a discussion 

on maize supply and variable input demand elasticities. Estimation results of the model are 

reported and tests for suitability of the translog functional form and validity of the regularity 

conditions for the profit function discussed. 

4.1 Socio-economic characteristics of maize production in Kenya 

As has been explained in section 3.2, the data used for this study pertain to main 

season maize crop of 2003/2004 cropping year and covers 1187 households. These 

households were predominantly small holder maize producers, with 76 % having less than 

one hectare under maize. Only five out of the 1187 households had more than four hectares 

under maize. Essentially, therefore, it can be argued that the sample comprised of small-scale 

maize producers. Of the 1187 households, 61% applied fertilizer on maize while 39% did not 

apply. 91% of the households that applied fertilizer on maize were in the high potential zone 

while only 9% were in the low potential zone. Of the households that used fertilizer on maize, 

75% used high yielding
4
 maize varieties while 25% used local varieties. 

Table 4 presents summary of fertilizer application rate, maize yield and household 

off-farm income by quartiles. Overall mean application rate for fertilizer is 82 kg/ha. The 

lowest quartile has mean application rate per hectare of zero, while the 4
th
 quartile has an 

application rate of 252 kg/ha. These rates show wide variations in intensity of fertilizer use 

among the sample households, which can be attributed to varied ecological and economic 

conditions the households face. Maize yield averaged 1854 kg/ha. The lowest quartile had 

maize yield at 388 kg/ha. While mean maize yield difference between the 2
nd
 and 3

rd
 quartiles 

is not wide, mean maize yield difference between the 3
rd
 and the 4

th
 quartiles is very wide; 

ranging from a mean of 1946 kg/ha to a mean of 4021 kg/ha. The variation in mean maize 

yields can also be attributed to ecological and economic variations among the sample 

households. Most of the households (85%) had off-farm income. The mean off-farm income 

                                                 

4
 High yielding maize variety refers to New hybrid, New OPV, retained hybrid or retained OPV.  
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for a household was Ksh 77,643, with wide variations across the quartiles. 

Table 4: Quartile means of fertilizer application rate, maize yield and off-farm income  

Quartile 

Fertilizer application 

rate (kg/ha) 

Maize yield 

(kg/ha) 

Off-farm income 

(Ksh) 

1 0 388 373 

2 20 1,061 12,683 

3 92 1,946 51,519 

4 252 4,021 245,778 

Overall Sample 82 1,854 77,643 

Source: Author’s computation 

Summary statistics of price and non-price variables are presented in Table 5. The 

coefficients of variation for prices of fertilizer, labour and maize ranged between 14 % and 41 

%, suggesting there was sufficient variation across farms to permit maize supply response 

analysis using the profit function approach. Education level (number of years of formal 

schooling) of the household head ranged from zero to 16 years, with a mean of 6.5 years. 19 

% of the households had the heads having zero years of formal schooling while 72 % of the 

households had the heads having below nine years of formal schooling.  

Table 5: Summary statistics of price and non-price variables 

Variable Mean 
Standard 

deviation 

Coefficient of 

Variation (%) 

Price of maize (Ksh/kg) 13.39 2.66 19.86 

Wage rate (Ksh/day) 81.32 33.17 40.80 

Price of fertilizer (Ksh/kg) 28.57 4.15 14.53 

Land area under maize (Hectares) 0.76 0.86 113.16 

Distance to motorable road (km) 1.00 1.27 127.64 

Education level of household head (years ) 6.56 4.41 67.22 

Source: Author’s computation 

The shares of the variable inputs and output in maize production are reported in Table 

6. The share of labour in the profit is the ratio of the total value of labour used in maize 

production to restricted profit from maize production. Likewise, the share of fertilizer in the 

profit is the ratio of the value of total fertilizer used in maize production to restricted profit 

from maize production. Output share is the ratio of the value of total maize output to 

restricted profit from maize production. By definition, the difference between output share 

and the sum of variable inputs’ share equals one. 
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Table 6: Share of labour, fertilizer and output in maize production 

Type of share Mean 
Standard 

deviation 

Variable input’s share 

      Labour 

      Fertilizer 

 

0.3924 

0.2193 

2.0410 

1.1422 

Output share 1.6117 2.6834 

Source: Author’s computation 

4.2 Maize Supply and variable input demand elasticities 

This section presents estimation results of the model. Test results for appropriateness 

of the translog functional form and validity of the regularity conditions for the profit function 

are discussed. Estimated elasticities, which form the crux of this study, are presented and 

hypotheses discussed on the basis of signs and magnitude of the elasticity estimates. 

4.2.1 Factors Influencing probability of use of fertilizer on maize production 

In this study it emerged that 39% of the 1187 households did not use fertilizer on 

maize.  It was thus necessary to correct the sample for zero fertilizer use by applying the 

Heckman procedure, since excluding from the sample households that did not use fertilizer 

on maize was not feasible. The factors that were hypothesized to influence the decision of a 

household to use fertilizer on maize were land area under maize, whether a household used 

improved maize seed or not, agro-regional zone, education level of household head and 

amount of off-farm income for a household. Since the Heckman procedure requires that at 

least one variable that does not enter the fertilizer share equation be included in the probit 

estimation, off-farm income and dummy for use of high yielding maize variety were included 

in the probit estimation. These variables were not included in the fertilizer share equation. 

The results of the estimation of the probit selection model are presented in Table 7. 

The maximum likelihood probit procedure in Nlogit was used to estimate the model.The 

results of the goodness of fit (likelihood ratio chi-square of 447.3715 with a p-value of 

0.0000) show that the variables are highly significant in explaining fertilizer use and that the 

model as a whole is statistically significant in explaining fertilizer use, as compared to a 

model with no predictors. Households that used high yielding maize variety were more likely 

to use fertilizer in maize production than households that used local maize variety. Level of 

education of household head significantly affects the probability of using fertilizer on maize 

production. Households in the high potential zone were more likely to use fertilizer on maize 
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production than those in the low potential zone. This may be due to higher returns on 

fertilizer use in the high potential zone than in the low potential zone. 

Table 7: Factors influencing probability of using fertilizer on maize production 

Variable Coefficient P>z 

Area under maize  0.0218 0.3417 

Maize seed dummy  0.7930* 0.0000 

Zone dummy  1.3010* 0.0000 

Education  0.0408* 0.0001 

Off-farm income  0.0000* 0.1861 

Intercept -1.4897* 0.0000 

*Significant at 5 % level or below. The Likelihood Ratio chi-square is 447.3715 with a p-

value of 0.0000. Predictions were 78 % correct. 

Source: Author’s computation 

The inverse Mill’s ratio was generated for each household. This ratio was additively 

included as a regressor in the fertilizer share equation. This ensured correction for selectivity 

bias in the fertilizer share equation. The inclusion of the inverse Mill’s ratio thus permitted 

the inclusion into the estimation of the fertilizer share equation cases where there was zero 

fertilizer use on maize. 

4.2.2 Factors influencing fertilizer and labour demand and profit in maize production 

Tables 8, 9, and 10 show, respectively, parameter estimates of the share equation for 

fertilizer, share equation for labour and normalized restricted translog profit function, with 

symmetry restrictions imposed. Although the tables list all the variables involved in the 

estimation of the model, some discussion will be devoted to only a few variables that are 

significant. Here a variable is said to be significant if the p-value of the parameter estimate 

associated with the variable is less than or equal to 0.05. Much of the discussion is presented 

in sub-section 4.2.4 where the focus is on the elasticity estimates, the prime concern of this 

study. 

The results of the estimation for the fertilizer share equation (Table 8) show that, 

using a p-value of 0.05 as the cut-off point, no price variable is significant but the function is, 

however, downward sloping with respect to fertilizer price. However, for the parameter 

estimate of the natural logarithm of the fertilizer price, the size of the rejection region is too 

large to admit any conclusion about the parameter estimate. A test of the null hypothesis that 

the parameter estimate is zero is only rejected at a level of significance greater than 0.4350. 
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The parameters associated with land area and zone dummy (p-values of 0.0970 and 0.0000 

respectively) are significant. This suggests that land area has a significant positive impact on 

fertilizer demand. Agro-regional differences too have a significant influence on fertilizer 

demand.  

Table 8: Price and non-price factors influencing fertilizer demand in maize production 

Variable Coefficient t-statistic P>|t| 

ln (fertilizer price) -0.099 -0.780 0.4350 

ln(wage rate) -0.084 -1.250 0.2110 

ln(land area)      0.052**  1.660 0.0970 

ln(distance to motorable road) -0.013 -0.410 0.6830 

ln(education) -0.001 -0.060 0.9500 

Zone dummy (1=high potential, 0 otherwise)   -0.234* -3.570 0.0000 

Inverse Mills ratio   -0.215* -4.930 0.0000 

Intercept  0.204  1.340 0.1790 

*Significant at 5 % level or below, **Significant at 10 % level. 

Source: Author’s computation 

Table 9: Price and non-price factors influencing labour demand in maize production 

Variable Coefficient t-statistic P>|t| 

ln(wage rate) -0.532* -4.860 0.0000 

ln (fertilizer price)    -0.084 -1.250 0.2110 

ln(land area)     0.056  1.340 0.1810 

ln(distance to motorable road) -0.100* -2.250 0.0240 

ln(education)     0.000  0.000 0.9980 

Zone dummy (1=high potential, 0 otherwise)    -0.344* -3.870 0.0000 

Intercept  1.172*  5.510 0.0000 

*Significant at 5 % level or below, **Significant at 10 % level. 

Source: Author’s computation 

The estimation results for the labour share equation (Table 9) indicate that wage rate 

has a significant negative influence on labour demand, as is explained by the p-value of 

0.0000 of the parameter associated with the natural logarithm of the wage rate. Distance to 

motorable road and agro-regional differences also have significant influence on labour 

demand. The coefficient of determination for the labour share equation is -0.0082, although 

the t-statistics for all except one of the estimated coefficients exceed 1.2. The negative value 

of the coefficient of determination is due to the cross-equation restrictions imposed on the 

parameters and the resulting use of the SUR estimation method. 
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In the profit function, the results indicate that at 5% level only wage rate, land area 

and level of education have significant influence on profit (Table 10). In-depth discussion on 

the influence of these variables on output supply and input demand are presented in the next 

section. Output supply and input demand elasticities were computed from the coefficients of 

the normalized restricted translog profit function. 

Table 10: Price and non-price factors influencing profit in maize production 

 Variable Coefficient t-statistic P>|t| 

ln(fertilizer price) 0.204 1.340 0.1790 

ln(wage rate) 1.172* 5.510 0.0000 

[ln(fertilizer price)]
2 

-0.099 -0.780 0.4350 

[ln(wage rate)]
 2
 -0.532* -4.860 0.0000 

[ln(fertilizer price) x ln(wage rate)] -0.084 -1.250 0.2110 

[ln(fertilizer price) x ln(land area)] 0.052** 1.660 0.0970 

[ln(fertilizer price) x ln(distance to motorable road)] -0.013 -0.410 0.6830 

[ln(fertilizer price) x ln(education) -0.001 -0.060 0.9500 

[ln(wage rate) x ln(land area)] 0.056 1.340 0.1810 

[ln(wage rate) x ln(distance to motorable road)] -0.100* -2.250 0.0240 

[ln(wage rate) x ln(education) 0.000 0.000 0.9980 

ln(land area) 0.913* 10.060 0.0000 

ln(distance to motorable road) 0.149 1.200 0.2310 

ln(education) -0.075 -1.240 0.2160 

[ln(land area)]
 2
 0.149* 4.120 0.0000 

[ln(distance to motorable road)]
 2
 0.131** 1.800 0.0720 

[ln(education)]
 2
 -0.013 -0.700 0.4870 

[ln(land area) x ln(distance to motorable road)] -0.006 -0.220 0.8290 

[ln(land area) x ln(education)] 0.008 0.470 0.6400 

[ln(education) x ln(distance to motorable road)] 0.010 0.570 0.5690 

Zone dummy (1=high potential, 0 otherwise) 1.169* 19.120 0.0000 

Intercept 3.640* 15.350 0.0000 

Note: *Significant at 5 % level or below,   **Significant at 10 % level. Superscript 2 is a 

square sign for the variables in the parentheses. 

Source: Author’s computation 

4.2.3 Suitability of the translog functional form and validity of the regularity 

conditions for the profit function 

Before further proceeding to discussing the hypotheses stated in section 1.4, a test for 

the appropriateness of the translog functional form in comparison to the Cobb-Douglas 
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specification is reported. Test results for the validity of the regularity conditions for the profit 

function are also presented. For the profit function to be Cobb-Douglas, coefficients of all 

second order terms in the profit equation (1) should be zero. Accordingly, an F-test was 

conducted to test the null hypothesis that all ijγ =0, all ikδ =0 and all khψ =0. The computed 

F(15,3527) was 3.48 and the critical F0.05(15,3527) was 1.67. Thus, the null hypothesis was rejected 

at the 0.05 level of significance. The translog representation, therefore, appeared to be more 

suitable than the Cobb-Douglas representation for the data and model specification being 

analyzed.  This, nevertheless, does not mean that for a different model specification and/or 

data set the Cobb-Douglas formulation could not be appropriate and analytically useful and 

convenient. 

In terms of the regularity properties of the profit function, homogeneity was 

automatically imposed because the normalized specification was used. For the monotonicity 

condition to hold in the translog model, the estimated output shares must be positive at all 

data points (Farooq, et. al., 2001), which was found in this case. The convexity condition 

cannot be imposed and can only be subjected to test after estimation. However, in this study 

the convexity condition was assumed to hold, and was not subjected to test. A formal 

statistical test was conducted for the validity of the symmetry and parametric constraints 

across profit and the share equations.   

The tests for individual symmetry conditions involved testing the null hypothesis in 

each case that symmetry condition held, i.e., ijγ = jiγ  and ikδ = kiδ  . The null hypothesis was 

tested against the alternative hypothesis that the parameter estimates were not equal. Using a 

significance level of 0.05 as a loose cut-off point, in four out of 12 cases the null hypothesis 

was rejected; that is, the symmetry condition did not hold for the four cases (Appendix 6). A 

global test for symmetry condition was also conducted. This was a joint hypothesis on the 

validity of imposing 12 restrictions to estimate jointly the share equations and the profit 

equation. An F-test statistic with good asymptotic properties was conducted to test this 

hypothesis. The computed F (12, 3527) was 6.63 and the critical F0.05 (12, 3527) was 1.75. Thus, the 

null hypothesis (validity of the constraints) was rejected at the 0.05 level of significance.  The 

implication of this is that not all symmetry conditions held across the profit function and the 

variable input share equations. Thus, the results were not entirely consistent with the 

maintained hypothesis of symmetry. Whether this inconsistency was because of wrong basic 

assumptions or inadequacies in model specification, data and /or econometric procedures is 
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impossible to determine. It is likely caused by some combination of these. Whatever the 

cause, caution is required in interpreting the results since maize supply and input demand 

equations may not fully reveal the input requirements function if producers do not maximize 

profits. However, comparing the significance of the parameter estimates in the case where all 

symmetry conditions are imposed with the case where inappropriate symmetry conditions are 

excluded gives a clear picture of whether there is significant loss of accuracy in the 

estimation. 

Given the results of individual symmetry conditions, restrictions 8,9,11 and 12 were 

removed and the global test was conducted on the remaining eight symmetry conditions. The 

computed F(8,3527) was 1.91 and the critical F0.05(8,3527) was 1.94. The results suggest that we 

fail to reject the null hypothesis that symmetry conditions held across the system of profit and 

variable input share equations. Restrictions 8,9,11 and 12 were inaccurate and could not serve 

as maintained hypotheses. The system of the variable input share equations and the profit 

equation was re-estimated without imposing restrictions 8,9,11 and 12. The resulting 

parameter estimates of the profit equation were compared to the parameters of the profit 

equation estimated with all the 12 restrictions imposed (Appendix 7). The only difference 

between the two results is that level of education of the household head is significant in the 

estimation with 8 restrictions (a p-value of 0.0050). In the estimation with 12 restrictions, 

education level of the household head was not significant and had a p-value of 0.2160. With 

respect to the prices of the variable inputs (fertilizer and labour), the results of the estimation 

with smaller set of restrictions and the results of the estimations with all the restrictions 

imposed do not show much difference. These results thus suggest that there was no loss of 

accuracy in computing the elasticities from parameter estimates of the profit function with 

symmetry conditions imposed. 

4.2.4 Maize supply response 

Discussions on the stated hypotheses are based on elasticity estimates presented in 

Table 11. The elasticities are functions of the variable input shares, variable input prices, 

levels of fixed inputs, and the parameter estimates of the normalized restricted translog profit 

function presented in Table 10. The elasticities were computed at mean values of the 

variables. The formulae used in computing the elasticities are presented in Appendix 2. All 

the elasticities have the expected signs and are all (except for elasticity of maize supply with 

respect to land area) less than unity. The discussions on the hypotheses are based on signs 
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and magnitude of the elasticity estimates. Since the elasticities were computed from 

coefficients of the profit function, variable input shares and levels of fixed factors, they could 

not be subjected to statistical test to determine their statistical significance.  

Table 11: Price and non-price elasticities of maize supply and fertilizer and labour  

     demand 

 Elasticity of: 

 Maize 

supply 

Fertilizer 

Demand 

Labour 

Demand 

With respect to:    

Maize price  0.116  0.776  0.040 

Fertilizer price -0.333 -0.767 -0.004 

Wage rate -0.775 -0.007 -0.036 

Land area  1.128  0.726  0.879 

Distance to motorable road -0.049 -0.040 -0.047 

Education  0.087  0.392   0.167 

Source: Author’s computation 

4.2.4.1 Maize supply response to maize price 

The own-price elasticity of maize supply is positive as expected and is consistent with 

theory (Table 11). The hypothesis of inelasticity cannot, however, be rejected. A 10 % 

increase in the price of maize would result into a 1.16 % increase in the supply of maize, 

holding the prices of the variable inputs and the quantities of the fixed inputs constant. This 

low elasticity implies that whether maize prices are favourable or not farmers will be 

reluctant to significantly raise or reduce their maize production. There are reasons for this. 

Maize is the main staple food for a large section of the population and 75 % of the total maize 

output is produced by the smallholder farmers. These smallholder farmers are mostly 

subsistence in nature and rely on maize both for own consumption and for revenue 

generation. The subsistence nature of maize farmers implies that maize producer price 

changes may not have a significant influence on the decision of the farmers on whether to 

produce or not to produce maize. Again, most small scale maize producers are net maize 

buyers, implying that maize production is not majorly a business enterprise among the small 

scale producers. As such, maize producer price changes are likely to have little influence on 

the decision of the small holder farmers to raise or reduce their production. 
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4.2.4.2 Maize supply response to fertilizer and labour prices 

Variable input prices have a depressing effect on maize supply. Hypothesis 2 is 

therefore rejected. A 10 % increase in the price of fertilizer would lead to a 3.33% reduction 

in maize supply while a 10 % increase in the price of labour would lead to a 7.75% reduction 

in maize supply, ceteris paribus (Table 11). This elasticity of maize supply with respect to 

the wage rate indicates that productivity of labour in maize production is considerably high. It 

is surprising that the elasticity of maize supply with respect to fertilizer price is less than the 

elasticity of maize supply with respect to wage rate in absolute terms. This is likely to reflect 

the lower usage of chemical fertilizer compared to labour usage, partly because the effective 

price of fertilizer is too high for most of the small holder maize farmers.  

4.2.4.3 Maize supply response to land area, market access and education 

Except for land area, maize supply is far more sensitive to prices of variable inputs 

than to non-price factors (Table 11). The most important fixed input in terms of maize supply 

response is area of land (elasticity of 1.128). This suggests that maize supply would expand 

by about 11% if land area under maize were to increase by 10%. This, however, need not 

imply support for a general policy of increasing the size of holdings so that more land can be 

allocated to maize production. It may be that there are many small-holding maize farms that 

are smaller than the minimum efficient size, so the objective would be to expand area under 

maize to be above the minimum efficient size. On the basis of land area, therefore, hypothesis 

3 is rejected. 

Maize supply is least responsive to market access (distance to motorable road) 

(elasticity of -0.049) (Table 11). Market access has equally low influence on demand for 

variable inputs (elasticities of -0.040 and -0.047 for fertilizer and labour respectively). Based 

on the elasticity sign, hypothesis 3 is thus rejected on the basis of market access. 

Education of the household head (the main decision maker of the household) is not 

important, though it positively influences maize supply (elasticity of 0.087) (Table 11). This 

again emphasizes the dominance of maize production among the Kenyan rural households, 

irrespective of education level. Hypothesis 3 is rejected on the basis of education level of the 

household head, which reflects the managerial ability of the household.  
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Having discussed the hypotheses, section 4.2.5 presents a discussion on the results of 

the analysis as they relate to demand for the variable inputs (fertilizer and labour).  

4.2.5 Fertilizer and labour demand elasticities 

Fertilizer and labour are the most important (in terms of their share in total variable 

expenditures) variable inputs in maize production. Demand for these inputs has an important 

implication on maize productivity and production. It is, therefore, worthwhile to discuss the 

elasticity of demand for these inputs with respect to the price and non-price factors 

considered in this study. 

4.2.5.1  Price and non-price elasticities of fertilizer demand 

The own-price elasticity of demand for fertilizer is negative as suggested by theory. 

Fertilizer demand is, however, price inelastic. A 10 % decrease in the price of fertilizer would 

result into a 7.67 % increase in the demand for fertilizer, ceteris paribus (Table 11). This 

suggests that policies targeting fertilizer price would be reasonable for encouraging fertilizer 

use on maize to improve productivity and production. Maize price and land area are also 

important factors affecting fertilizer use, with elasticities of 0.776 and 0.726, respectively. 

These elasticity estimates imply that fertilizer demand would increase more with an increase 

in maize prices than with a decrease in fertilizer prices. It is, however, noteworthy that raising 

maize prices would hurt the welfare of urban maize and maize products consumers and the 

welfare of small holder maize farmers most of whom are net maize buyers. Furthermore, as 

has been discussed, own-price elasticity of maize supply is 0.116, which is lower than the 

elasticity of maize output with respect to fertilizer price (0.333 in absolute terms). The 

suggestion would be to focus policy on fertilizer prices with the aim of making fertilizer more 

affordable and available to the majority of small holder maize farmers. The elasticity of 

fertilizer demand with respect to land area indicates that increased acreage under maize is 

associated with higher use of fertilizer. Market access (distance to motorable road) has a very 

low elasticity (0.040 in absolute terms) in the fertilizer demand equation. Fertilizer demand 

on the other hand is quite sensitive to education level of the household head (elasticity of 

0.392). 

4.2.5.2  Price and non-price elasticities of labour demand  

Labour demand is inelastic to changes in the wage rate, having an own-price elasticity 
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of 0.036 in absolute terms (Table 11), though the negative sign of the elasticity estimate is 

consistent with economic theory. If this is a general phenomenon in all agricultural areas and 

across all agricultural enterprises in Kenya, then ‘surplus’ labour in the agricultural areas will 

only be absorbed, if it is, by large reductions in wage rates. By the same token, out-migration 

will have a substantial effect on the rural wage rates. Increases in maize price would 

encourage the expansion in demand for labour just as it would for fertilizer demand. 

However, a 10 % increase in maize price would raise the demand for labour by only 0.40 % 

compared to 7.76 % by which such an increase in maize prices would raise fertilizer demand. 

This implies that labour is less sensitive to price incentives than fertilizer and would therefore 

not be a preferred target with a price policy tool aimed at raising maize production. As 

expected, land area was found to have an expansionary effect on the demand for labour with 

estimated elasticity close to unity (0.879). Market access (distance to motorable road) had a 

depressing effect on labour demand (elasticity of 0.047 in absolute terms), though the 

magnitude of the effect was quite low. Labour demand would also increase with the 

expansion of the level of education of the household head (elasticity of 0.167). The negative 

cross-price elasticities of fertilizer and labour demand suggest that fertilizer and labour are 

more of complementary inputs than substitutes in maize production. 
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CHAPTER 5 

CONCLUSION 

This study assessed how responsive maize supply is to price and non-price factors and 

how sensitive fertilizer and labour demand are to prices and non-price factors. The study 

analysed cross-sectional farm-level data pertaining to 2003/2004 cropping year for 1187 

maize producing households. The data was obtained from Tegemeo Institute of Agricultural 

Policy and Development. The parameters of a model based on the normalized restricted 

translog profit function and the derived system of fertilizer and labour share equations were 

estimated and relevant elasticites computed.  

Rather than relying on some ad-hoc output supply and input demand equations, the 

production technology was specified using relevant economic theory. The estimated model 

was constrained to preserve the fundamental laws of production economics. Accordingly, the 

theoretical properties of a profit function, namely homogeneity, monotonicity and symmetry 

were imposed on the model while convexity was assumed. The symmetry property was tested 

to verify its validity.  

The empirical analysis of maize supply response reported here yielded broadly 

satisfactory results both in terms of economic theory and statistical fit. While the empirical 

results of the specification employed were plausible, they also demonstrated in this case a 

lack of support for the hypothesis of the Cobb-Douglas form of the profit function.  

5.1 Summary of results 

The inelastic own-price maize supply elasticity (an elasticity of 0.116) implies low 

sensitivity of maize supply to maize price. It means that a support price to maize producers is 

an unattractive strategy for expanding maize supply. Fertilizer use was found to be 

particularly important in the decisions on resource allocation in maize production. Compared 

with labour, the elasticity of demand for fertilizer with respect to maize price (0.776) and the 

own-price elasticity of demand for fertilizer (-0.767) were higher in absolute terms. However, 

elasticity of maize output with respect to wage rate (-0.775) was higher in absolute terms than 

the elasticity of maize output with respect to fertilizer price (-0.333).  

Of the fixed inputs, land area was found to be the most important factor contributing 
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to the supply of maize (elasticity of 1.128). Land area also substantially influenced the 

demand for fertilizer and labour. Market access and educational endowment of the household 

head seemed not to have substantial effect on maize supply and variable inputs demand. 

5.2 Policy implications and recommendations 

Increasing maize production to achieve maize self-sufficiency has been an important 

objective of the Kenyan government in its national policy on food and nutrition. Price 

incentives have been a major policy instrument employed by the GoK to achieve this 

objective. Less attention has been given to input prices, especially fertilizer and labour prices, 

and fixed inputs, though these too are important in influencing maize production. This study 

generated elasticity estimates that can shed light on policy-relevant relationships between 

maize output, fertilizer and labour demand, and fixed factors of production. Based on the 

elasticity estimates generated, this study advances the following recommendations. 

Firstly, it has emerged that to increase aggregate production of maize in Kenya, a 

support price policy appears to be unattractive. This is so because most of the maize 

producers are small holders who also double as net maize buyers. A higher maize price 

support would result into hurting the welfare of the small holder maize farmers, who happen 

to be the majority. A higher maize price support would favour the larger and commercial 

maize farmers who are net maize sellers. But these large and commercial maize farmers are 

few, so that such a price support in the overall will reduce the welfare of a larger section of 

the population, including the urban population. Instead of emphasising maize producer prices 

to raise maize production, it would be more economically sound to shift attention from maize 

support price to input prices such as fertilizer prices and relevant non-price factors such as 

land. 

Secondly, fertilizer price assumes key significance in influencing the fundamentals of 

maize production. The elasticity of maize supply to fertilizer price (though lower than the 

elasticity of maize supply to wage rate) combined with the higher own-price elasticity of 

demand for fertilizer suggest that fertilizer price would be  more effective yet less hurting 

policy target for promoting maize production. This indicates that maize production expansion 

policy should focus on fertilizer price. But fertilizer price in a liberalized inputs market may 

not be directly controlled by the government, as used to be before, as this would lead to re-

emergence of the limitations that prevailed during the input markets control by the 
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government. The options that could be exploited to make fertilizer prices affordable to small 

holder farmers include ensuring availability of fertilizer supply when needed. This could be 

done by making public investment in rural infrastructure and efficient port facilities and 

promoting standards of commerce that provide the incentives for commercial agents to invest 

in fertilizer importation, wholesaling and retailing. Inland cost of transporting fertilizer is 

particularly a major component in fertilizer pricing, so that if road infrastructure, especially 

rural access roads and major highways linking the countryside to the port of Mombasa and 

fertilizer depots, could be improved and the railway system improved, a decline in the price 

of fertilizer would be achieved. These developments would not only increase fertilizer use on 

maize but also lead to more use of fertilizer on other crops. This would result into a sector-

wide increase in agricultural productivity and production. 

Finally, land size is found to be far more important in affecting production of and 

resource use in maize than price incentives. Increasing the size of land holdings through 

consolidation may be desirable as maize output is responsive to land area, suggesting scale 

economies. However, in Kenya where population pressure has resulted into extensive sub-

division of parcels of land into uneconomical units, consolidation may seem untenable. A 

more appropriate option may be to encourage more intensive use of productivity enhancing 

inputs. A part from fertilizer discussed above, high yielding maize seed varieties are another 

input whose adoption and use could be intensified. 

5.3 Opportunity for further research 

This study focused on maize as a single commodity and computed the supply 

response without disaggregating the analysis into gender and agro-regions. The inclusion of 

zone dummies in the analysis only served to control for zone differences. This study could be 

extended further by explicitly disaggregating the analysis into gender of the household head 

and agro-regional zones to assess the extent to which maize supply response varies with 

gender differences and differences in agro-ecology and farming systems. Such dissagregation 

would provide valuable information with regard to what policies would need to be put in 

place to cater for gender and agro-ecological differences in pursuit of the objective of 

increased maize production. Inclusion of environmental factors such as soil quality and 

rainfall into the analysis would also provide information on the extent to which these factors 

influence maize supply. 
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APPENDICES 

Appendix 1:  Map of Kenya 

 

Source: www.reliefonline.org/kenya/kenya_map.htm, 2007 
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Appendix 2:  Computation of production elasticities 

 The following formulae were used to estimate elasticities. 

Variable inputs demand elasticities 

The own-price elasticity of demand for variable input i ( iiη ), was estimated as 
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where iS is the ith share equation, at the sample mean. 

For the cross-price elasticity of demand for the ith variable input with respect to the 

price of jth variable input ( ijη ), the following expression was used: 
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Elasticity of demand for variable input i with respect to output price, Pr, ( irη ), was 

estimated as 
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where S is the output share, at the sample mean. 

Finally, the elasticity of demand for variable input with respect to kth fixed factor, 

( ikη ) was determined as: 
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Output elasticities 

To compute the elasticity of output supply with respect to the price of ith variable 

input, ( riε ), the following formula was used: 



 54

 
S

S
j

ji

iri

∑
=−−=

2

1

γ
ε  

Elasticity of output supply with respect to own-price, ( rrε ), was computed using the 

formula below: 
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Finally, elasticity of output supply with respect to fixed input k ( rkε ) was computed 

using the formula below: 
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Appendix 3:  Chronology of maize market reforms in kenya: 1979-2007 

1979-1986 • Strict control of maize price, movement and storage under the NCPB 

1986-1990 

• Limited relaxation of control of maize price, movement and storage under 

the NCPB Government  

• First serious market reform under the CSRP conditional to EEC/WB aid 

1990-1995 

• Gradual reduction of control of maize price, movement and storage under the 

NCPB Government  

• Market reform under the CSRP/KMDP conditional to aid 

1995-1999 

• Full liberalization 

• NCPB buyer and seller of last resort 

• Private sector participation increased 

• Government intervenes by imposing variable import tariff and financing 

NCPB operations 

1999-2007 

• Maize price stabilization policy; NCPB purchasing domestically produced 

maize at support price and maintains grain strategic reserve  

• Variable import tariff on maize imports retained 

Source: Wangia, et al, 1999; Jayne, et al., 2002  
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