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ABSTRACT 

This dissertation reviews the process of maize market liberalization in Kenya, 

investigates a relationship between market integration and price stability, and presents a 

theoretical foundation for numerical simulations to evaluate effects of agricultural 

policies. The computer simulations are used to analyze the market under uncertainty. 

The model examines welfare effects and response to the policies as well as changes in 

means and coefficients of variation of maize prices and expected income of farmers. 

The model solves simultaneously indirect utility maximization of individual 

farmers and a spatial price equilibrium model to give a rational expectations equilibrium 

land allocation. It takes account of inseparability of consumption and production, 

stochastic prices and returns, and effects of size and location of farmers. Maize price is 

endogenously determined as farmers choose a crop mix between maize and a cash crop. 

It offers a framework in which various agricultural policies, characteristics of farmers, 

and conditions of markets can be analyzed. 
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1. INTRODUCTION 

Maize is the most important agricultural commodity in Kenya. It is the staple 

food for most people and is grown in many agro-ecological zones. Almost all smdl-scale 

farms and many large-scale farms grow maize. Any policy changes conceming maize, 

therefore, would affect virtually all people in Kenya. These characteristics also induced 

heavy involvement of the government in maize production, processing, marketing, and 

distribution. Some argue that the government used maize policies to gain political 

support (Bates (1989), Toye (1992)). 

The objectives of the government have been to maintain national food self-

sufficiency and ensure that producers and consumers have access to markets. Price levels 

should serve as an incentive to producers and be reasonable for consumers (Gordon and 

Spooner (1992)). A parastatal institution, the National Cereals and Produce Board 

(NCPB), has implemented maize policies. It originated in the British colonial era, set up 

in the 1930s to operate a monopolistic pricing policy. It was meant to help large-scale 

settler farmers (Ikiara, Jama, and Amadi (1993)). Later, the Maize Control was set up for 

the maize sector. In 1959, the Maize Marketing Board replaced the Maize Control. It 

subsequently merged with the Kenya Agricultural Produce Board to form the Maize and 

Produce Board in 1967 (Smith (1976)). The most recent form of the Board, the NCPB, 

handled not only maize, but also wheat, beans, and rice. 

The NCPB controlled prices, maize trade, and private sector activities. To 

guarantee farmer access to markets, the NCPB developed a network of buying centers and 
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depots to which farmers could deliver their produce. In deficit areas, depots were set up 

to ensure consumer access to maize. Pan-seasonal and pan-territorial prices at all stages 

of the maize marketing chain assured stable prices for producers and consumers'. To 

secure supplies from surplus areas and deliver them to deficit areas, the government 

restricted private sector movement of maize across districts, and gave the NCPB 

monopoly status in maize trade. The restriction reflected the fear that maize would move 

from deficit areas or over national boundaries. Restrictions also existed on the intake of 

maize by sifted millers, guaranteeing a market outlet for the Board. Besides 

administrative controls on prices and maize trade, the NCPB held a strategic reserve of 

maize to maintain national food self-sufficiency and stabilize markets in times of harvest 

failures (Gordon and Spooner (1992)). 

However, NCPB's operations were ineffective. Winter-Nelson (1995) and Monke 

et al. (1995) point out some problems. Insufficient imports and poor distribution in times 

of low harvests caused acute maize shortages. Shortages occurred in some food-deficit 

areas even in years of national surplus. The NCPB was unable to distribute adequately 

the supply of maize between surplus and deficit areas. Large fluctuations in year-to-year 

availability existed. Pan-territorial pricing created distortions in producer incentives, 

leading to inefficient production patterns." Pan-seasonal pricing dampened seasonal price 

' Monke et al. summarizes the operations of the NCPB and their relations to the parallel market. 
" The NCPB was ineffective in keeping a pan-territorial price, and large price gaps e.visted between 
different areas. Nonetheless, it distorted prices by intervening in the maize market frequently. 
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variations and discouraged private sector storage/ The system of controls introduced 

corruption and black-marketing. The financial cost of operating the NCPB became 

excessive because of high overheads and licensing fees, and sales to the board by farmers 

met payment delays of three to six months. 

As a result of these problems, donors insisted on liberalizing the maize market 

and reducing the role of the NCPB. Serious attempts to liberalize the maize market in 

Kenya started in 1988 with the Cereals Sector Reform Program (CSRP). The program 

received financial support from the European Community (EC). The CSRP's objectives 

were: 

(a) to protect maize producers from unacceptably low or unstable prices, and 

provide reliable outlets for sale, 

(b) to protect consumers from unacceptably high or unstable prices, 

(c) to promote food security by assuring maize availability at all times within the 

country, and 

(d) to improve the overall efficiency of the marketing system (Lunogelo and 

Gordon (1991)). 

The reforms fall into four categories (Gordon and Spooner (1992)): 

^ Similarly, the NCPB was unsuccessful in keeping a pan-seasonal price, and large price gaps e.xisted over 
time. However, its actions were unpredictable and created considerable uncertainty in seasonal price 
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(1) Trading Rule Changes 

• The removal of movement controls in the private sector 

• The removal of controls over the sifted milling sector 

(2) Pricing Reform 

• Changing the NCPB to a buyer and seller of last resort, setting floor and ceiling prices 

within the import and export parity price band. 

(3) Private Market Development 

• Allocation of funds to private and cooperative sector support 

• Making NCPB storage facilities available to the private and cooperative sectors 

(4) Reforms in NCPB Operations 

• Reductions in the official marketing network 

• Defending floor and ceiling prices through open market operations 

• Establishment of a Crop Purchase Revolving Fund to support NCPB's market 

stabilization role 

• NCPB management reorganization 

• Financial restructuring of the NCPB 

• Inclusion of a Performance Contract to ensure full fiinding for losses incurred by the 

NCPB. 

changes, which discouraged private sector storage. 
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Changing trading rules was one of the most controversial decisions. The 

government reversed its policies frequently, imposing more restrictive control on inter-

district maize trade. The full removal of movement control in the maize market^ came on 

December 27, 1993, about 5 years after the CSRP had initiated liberalization. Before the 

reform, an individual could not carry more than 2 bags (1 bag of maize = 90 kg) of maize 

across districts. The limit was relaxed to 4 bags in 1988, to 10 bags in I988/I989, and to 

44 bags in February 1991. In April 1992, the restriction was raised to 88 bags, the 

capacity of a small lorry. However, later in the year, the government reversed the policy 

and went back to fiill control (the 2-bag limit). The restriction was in effect until October 

1993, when the government relaxed the quantitative limit again to 88 bags. Movement 

restriction was completely removed in December 1993 (Odhiambo et al. (1994)). Since 

the full removal of movement control, no policy reversal has occurred. 

Some concerns remained, however, regarding the workings of the liberalized 

market. The ability of the private sector to move and store maize was questioned, given 

the reduced involvement of the NCPB. Although the NCPB has been inefficient in 

moving and storing maize, reliance on the private sector raised serious concerns in the 

government. Effects of liberalization on maize prices were another concern. 

Liberalization was supposed to produce a more integrated market by encouraging private 

sector transport of maize. Prices would rise in surplus areas and fall in deficit areas, and 

price variability would decline as regional markets were integrated. Other concerns were 

* This refers only to the domestic maize market. The government still had a full control on import and 
export of maize. 
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about the welfare effects of liberalization, particularly on small-scale farmers and poor 

urban consumers. The general consensus is that the government needs to implement 

policies to mitigate negative effects, if any, of liberalization. However, what kind of 

policy is appropriate and to what degree the government should intervene remains 

uncertain. 

This dissertation addresses these issues. Chapter 2 reviews literature on the 

effects of maize market liberalization policies on production, marketing, delivery, 

processing, and consumption. Chapter 3 addresses ways that integration of the maize 

market changes price distributions, particularly variability of prices. Numerical 

simulations of a spatial price equilibrium model predict changes in price distributions in 

selected districts in Kenya. Chapter 4 discusses a model for computer simulations that 

incorporate supply responses to agricultural policies under uncertainty. It examines 

effects of various policies, such as quantitj' control on maize movement, price 

stabilization, improvement of cash crop marketing, and international trade policies. 

Chapter 5 summarizes the contributions of this paper. 
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2. MAIZE MARKET LIBERALIZATION IN KENYA 

The four major components of maize market liberalization - trading rule changes, 

pricing reform, private market development, and reforms in NCPB operations - have 

affected the maize market in Kenya. Producers, processors, traders, consumers, and the 

NCPB all have experienced substantial changes. Uncertainty regarding the effects of 

liberalization, however, remains. Particularly, possible large shifts in maize supply and 

prices in the liberalized market are major concems of policy makers. 

This chapter surveys the literature on maize market liberalization in Kenya. 

Gordon and Spooner (1992) assess initial efforts at liberalization. Nyoro (1992) describes 

structures of maize production in various parts of the country and measures profitability 

of maize production under market liberalization. Omamo (1994) simulates a possible 

response of farmers to the reform in Siaya district. Argwings-Kodhek (1992) and Sasaki 

(1995) explore private sector maize marketing. The articles ask if the private sector can 

take over one of the major activities of the NCPB, inter-district movement of maize. 

Sasaki (1995) looks at private sector storage and marketing activities of farmers under 

liberalization. Mukumbu (1992, 1994) examines changes in the milling sector and 

responses of large- and small-scale millers. Effects of these changes on urban poor 

consumers also are discussed. Ephanto (1992) portrays maize consumption patterns in 

Kenya, and projects consumption trends. Argwings-Kodhek (1994) compares three 

alternative policies that are relevant for Kenyan maize market. Pearson (1992) lays out a 

conceptual framework for policy instruments of maize price stabilization. Nyoro (1994) 
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calculates the import and export parity prices in Nairobi and suggests a price stabilization 

policy that allows private sector participation in the maize market. Finally, Pinckney 

(1988) measures trade-offs among the objectives of stabilizing maize prices, reducing 

fiscal costs, and avoiding imports. 

2.1. Implementation of Maize Market Liberalization 

Gordon and Spooner (1992) review the implementation of maize market 

liberalization. The limit on movement of maize across districts increased from 2 bags to 

10 bags in 1988/1989, from 10 to 44 in 1991, and to 88 in 1992. These changes appear to 

have caused reduced marketing margins. Pricing reform was a neglected component of 

liberalization. As a result, low consumer prices ran down NCPB's stock of maize and the 

financial losses of the NCPB increased. The NCPB could not maintain market prices 

within the official producer - consumer price band. 

To develop the private market, the NCPB licensed over 2,000 Local Buying 

Agents to deliver maize to NCPB depots. Besides that, little was done to improve private 

markets. Regarding reforms of NCPB operations, the management structure of the Board 

was changed and the number of buying centers decreased from over 700 to less than 100. 

However, the number of permanent depots, much larger in size than buying centers, 

increased. Decreasing the number of depots was politically difficult and was not a 

priority of donor conditions. 



Four priorities are identified for fiirther liberalization. They are to widen the gap 

between consumer and producer prices, to reduce the number of depots, to monitor and 

analyze the market more effectively and respond to the market quickly, and to support the 

private market. The concrete actions for supporting the private market include public 

provision of market information, support for private storage, transport, and processing, 

credit provision for traders, rehabilitation or construction of market facilities, and 

education for traders in bookkeeping and import and export procedures. 

2.2 Effects of Liberalization on Maize Production 

Maize is grown in almost all parts of the country. Agro-ecological conditions, 

coupled with individual resource variation, result in large differences in yields among 

farmers. Large-scale farmers in Trans Nzoia and Uasin Gishu use high levels of 

intermediate inputs and their operations are capital intensive. Small-scale farmers, who 

produce 80% of the maize in Kenya, use much less intermediate inputs than large farmers 

and their operations are labor intensive with limited use of capital. Nyoro (1992) 

compares regional costs of maize production and derives 'self-sufficiency maize prices' 

to satisfy a target level of consumption of 28 million bags of maize. 

In general, small-scale maize production systems with favorable agro-ecological 

conditions in Meru, Kisii, and Narok have the lowest average costs, followed by large-

scale production systems of Trans Nzoia, Uasin Gishu, and Nandi. Average costs are 

highest for small-scale production systems in marginal areas such as Kwale, Kitui, and 
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Siaya. Comparison of profitability per acre, using 1991 prices, is based on average cost 

comparisons. 

The data on production costs of various districts in Kenya yields 'average cost 

supply curves'' in Nairobi, the nation's capital city with the largest population. The self-

sufficiency prices that induce domestic production of 28 million bags of maize are 

derived^ under conditions of good, bad, and actual (1991) harvests. All prices lie in the 

import/export parity price band that is very wide due to high costs of transporting maize 

from foreign supply sources to the Mombasa port and from the port to Nairobi. 

Uasin Gishu district is chosen to assess profitability of maize compared to that of 

wheat and dairy. In 1991, dairy had the highest profit per acre, followed by wheat. Maize 

was least profitable, accounting for only 51% of dairy profit. In 1992, however, maize 

prices soared and maize became most profitable, followed by dairy. Profit fi-om wheat 

was lowest, only 29% of maize profit. 

Omamo (1994) simulates maize farmer response (change in crop choice) to 

liberalization in the southern part of Siaya district using an agricultural household model. 

Most farmers in Siaya are small-scale and net buyers of maize, and the district is a net 

importer of maize. The most important alternative crop in the district is cotton. Despite 

the higher returns to cotton, maize dominates farming systems. Over 60% of Kenya's 

maize production occurs in regions with agro-ecological and demographic characteristics 

' Given a widely accepted assumption of constant returns to scale technology in maize production, the 
average cost curve is a good approximation of the supply curve if fi.xed costs are relatively small. Another 
interpretation could be that it represents the long-run supply curve. 
^ The self-sufficiency price is derived from the intersection of the average cost supply curve and the vertical 
demand curve at 28 million bags of maize. 
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similar to those found in southern Siaya. Therefore, an analysis of farmer response in the 

district may have wider implications in Kenya. 

Maize market liberalization, particularly the removal of movement control across 

districts, is supposed to reduce maize prices in deficit areas by integrating regional 

markets. With this assumption, deficit farmers (net buyers of maize) and surplus farmers 

(net sellers of maize) are expected to increase production of cotton and decrease 

production of maize. The reasons are different. For deficit farmers, lower maize prices 

would increase their purchasing power and lead to more reliable markets for food, which 

induces them to produce more cotton. Lower maize prices, on the other hand, would 

reduce profitability of maize for surplus farmers who subsequently choose to grow more 

cotton. An extension of this model to the district level suggests that demand for maize 

from other districts increases as a result of market integration. 

2.3. Effects of Liberalization on Maize Trade 

As the limit on inter-district movement of maize increased to 88 bags in 1992, the 

importance of NCPB's moving maize across districts decreased. Although enforcement 

of the reform was not complete and transporters had some problems with the police at 

district borders, private sector marketing became increasingly important. However, little 

information exists about private sector marketing. Argwings-Kodhek (1992) identifies 

t>pes of traders and describes cost structures and constraints of private maize trade to 

show how the removal of movement control affects efficiency. 
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Many types of maize traders exist in Kenya. They use bicycles, matatus^, 

donkeys, canters, and various sizes of lorries. Canters and lorries dominate long distance 

trade. Comparison of canter and lorry trades is particularly important as the movement 

limit increased from 44 bags, the capacity of a canter, to 88 bags, the capacity of a small 

lorry. 

Trading margins (the difference between selling and buying prices minus transport 

and transaction costs) varied from KSh (Kenyan Shilling) 7 to KSh 90 per bag in late 

1991 and early 1992. Interviews suggested KSh 25 per bag as the minimum margin to 

trade maize. It probably covers costs of traders' time, possible bribery, physical losses, 

and risks of jail or fines for violating the movement control. Returns to trading maize in 

most cases appeared to be higher than KSh 25 per bag, which indicates positive economic 

profits. Purchasing the movement permit was the largest cost item. In moving maize 

from Kitale to Nairobi, for example, removing the control would have reduced transport 

costs for lorry owners by 32%. 

Since large-lorry transport has the least costs per bag for a long distance carriage 

and purchasing a permit is the most expensive item, removing movement controls should 

have dramatic effects on long distance maize trade. For example, for the route between 

Nairage Engare and Nairobi, KSh 686,700 would be saved over the two-month peak 

marketing period, by using a 12 to 15-ton lorry rather than a 4-ton canter. 

Sasaki (1995) conducted a similar survey in early 1995. It had been more than a 

year since the movement control was completely removed. No obstacles existed at 

' A matatu is a privately owned mini-bus or van used for public transportation. 
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district borders when moving maize, and transporters were not concerned about police 

harassment. Private transporters would go an>'where in the country as long as price 

differentials were large enough. Although prices charged by private transporters 

increased slightly from 1992 to 1994/1995, price differences between districts shrunk. 

The private sector is capable of moving maize across districts. Therefore, full removal of 

movement control is desirable. 

2.4. Effects of Liberalization on Maize Storage 

Maize is harvested almost all year, but the amount varies significantly by month. 

Major harvesting begins in August and ends in February. The peak is around November, 

December, and January as farmers harvest in the Rift Valley. This variation would lead 

to seasonal price changes without any government intervention. Although the NCPB 

could not maintain pan-seasonal prices, unpredictable intervention discouraged private 

sector storage of maize. Most private storage has been on farm. 

Sasaki (1995) investigates on-farm storage capacity and farmer marketing 

activities in 1993/1994. Whether the private sector has an ability to store enough maize 

has been a major concern of policy makers. As for physical storage capacity on farm, 

most farmers had enough space to keep all of their produce. Some large-scale farmers 

were not prepared to store their maize on farm because they delivered it to NCPB depots 

right after harvest. Because some millers, transporters, and storeowners would engage in 
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more storage activities under liberalization, physical capacity seems large enough to 

handle production. 

On-farm storage for later sale in 1993/1994 was active. It has been claimed that if 

the maize market were liberalized, small-scale farmers would suffer because they have to 

sell maize right after harvest when prices are low. However, the data show no particular 

patterns regarding size. Rather, small-scale farmers are active in storing maize for later 

sale. What dictates marketing activities, regardless of farm size, is the financial 

constraint of farmers. In spite of grave concerns expressed by the government, the private 

sector has physical and managerial capacity to store maize without substantial help from 

the public sector. 

2.5. Effects of Liberalization on Maize Milling 

Mukumbu (1992) identifies types of millers and predicts possible effects of the 

changes in regulation on maize milling. Kenyans consume three types of maize meal, 

sifted, partially degermed, and whole meal. Whole meal is more nutritious as all (or part 

of) germ and bran are removed in milling for sifted (or partially degermed) meal. Large-

scale millers dominated the production of sifted meal. Small-scale granulated millers 

produced partially degermed meal and the smallest 'posho' millers made whole meal. 

Government regulations before liberalization most affected large-scale millers. The 

regulations affected posho millers indirectly through the availability of maize grain. No 

direct regulation on posho millers existed. 



Three major regulations affected the milling industry before liberalization. First, 

large- and small-scale millers were required to register with the NCPB which avails 

access to NCPB maize. Second, large-scale millers had to purchase maize supplies 

according to milling quotas set by the NCPB. In 1988/1989, they needed to acquire at 

least 80% of their maize intake from the NCPB (the 80:20 rule). The ratio of public to 

private sources changed to 70:30 in 1990/1991. Third, the government set pan-territorial 

and pan-seasonal in-mill and ex-mill prices. Pan-territorial prices favored millers near 

major consuming areas. As a result, 72% of large-scale millers were located in or near 

deficit areas. 

These regulations turned out to be ineffective. Delivery of maize to millers was 

not prompt. Sometimes it took more than two weeks if maize was not available in the 

area. Often the quality of NCPB maize was poor. The NCPB delayed payment for 

millers' underweight claims. A pan-territorial price discouraged long distance movement 

of maize meal. Under-utilization of capacity- was prevalent among large-scale mills. The 

reasons for under-utilization differed depending on where they were located. In surplus 

regions, controlled prices precluded access to markets in deficit areas. And in deficit 

regions, NCPB maize was often lacking and the quality was poor. 

Liberalization in the maize market was expected to change many aspects of the 

milling industry. The removal of movement controls and milling quotas would lead to 

more competition among millers in securing maize intake. Since it is cheaper to transport 

maize flour than maize grain, millers in surplus areas would be better off as they are 

closer to supply sources. Millers may start storing maize by themselves because of the 
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poor quality of NCPB maize. Large-millers may establish ties with large-scale farmers to 

secure maize intake. Capacity utilization of large-scale mills in surplus areas would rise 

as their marketing opportunities expand, while the situation of millers in deficit areas 

would worsen as they lose their market share to surplus-area millers. More competition 

among millers would lead to lower consumer prices of maize meal. The number of 

small-scale and posho mills would increase in major urban areas due to easier access to 

maize grain. 

Mukumbu (1994) updates changes in the milling industry caused by liberalization 

and discusses their effects on poor urban consumers. Pre-liberalization policies, such as 

movement control, price control, and milling quotas, hindered the development of posho 

mills in urban areas. In urban areas, the poor consume more whole meal while the rich 

prefer sifted meal. Therefore, past policies helped the rich more than the poor by 

subsidizing sifted meal in urban areas. Since posho mills have lower unit costs than 

large-scale sifted maize mills, the reform resulted in more posho mills in urban areas. 

The increase in the number of posho mills has three important implications. First, 

prices of maize meal would be lower, which helps low income consumers. Second, 

employment would increase as operations of posho mills are labor intensive. Third, 

income distribution would improve since the start-up capital requirement for a posho mill 

is low and it is easier for the poor to start the business. 
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2.6. Effects of Liberalization on Maize Consumption 

Ephanto (1992) describes retail maize market and household expenditure patterns, 

and projects aggregate maize consumption to the year 2000. In Kenya, maize is available 

in almost all markets even in a year of relatively poor rainfall. On average, people buy 

30% of their maize from markets though the percentage varies widely between 5% to 

95%. Many farmers have regular access to markets as they have other income sources. 

Household expenditure patterns are similar in rural and urban areas. In rural 

areas, the ratio of food expenditure to total expenditure varies from 50-60% for low-

income consumers to 20-30% for high-income consumers. The ratio of maize 

expenditure to total food expenditure is 20-22% for the poor and 16-18% for the rich. 

These shares are consistent with Engel's Law and Bennett's Law. Interestingly, the ratio 

of expenditure on maize and meat to total food expenditure is about one-third for all 

income groups. In other words, as incomes increase, people increase the percentage 

spending on meat while reducing the percentage spending on maize by the same amount. 

Urban areas show similar expenditure patterns, but the expenditure share of maize is 

lower. 

With population growth rates of 3% and 4.7% in rural and urban areas, 

respectively, estimated aggregate consumption would increase from 2.24 million tons in 
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1992 to 3.19 million tons in 2000 . If annual income growth is 2%, the figure rises to 

3.51 million tons. 

2.7. Liberalization and Maize Price Stabilization 

One of the biggest concerns of policy makers under liberalization is instability in 

maize prices. Price instability was one of the major reasons that the government wanted 

to control the maize market. It also is one of the reasons that the NCPB will probably 

play some role in the liberalized maize market in the future. 

Argwings-Kodhek (1994) considers three alternative maize marketing policies — 

the historic NCPB system, the no-price stabilization scheme stated in the Policy 

Framework Paper (PFP), and price stabilization within the import/export parity prices. 

The historic maize marketing system with a pan-seasonal and pan-territorial price is 

costly and ineffective, and discourages private sector involvement in the maize market. 

Major donors, the World Bank, IMF, EC, and USAJD, are against it. The PFP marketing 

system allows domestic maize prices to freely fluctuate within the import/export price 

band. Costs are low and it is administratively easy to implement. It also encourages 

private sector participation in the market and matches donors' interests. However, it 

could lead to high levels of price instability due to the wide parity band and variable 

weather conditions. Thus, it may not be politically acceptable. The third policy is to 

stabilize maize prices within the parit>- band. It is more costly than the PFP system, but 

^ The price effect is ignored. 



less than the historical system. And gradual transition might be easier for politicians, 

producers, consumers, and traders to accept. Further, the estimated cost savings from 

NCPB depot reduction are greater than the estimated losses to some producers and 

consumers. Therefore, price stabilization within the parity band seems a sensible policy 

compared to the extreme of the other two systems. 

Pearson (1992) lays out a conceptual framework for feasible policy instruments of 

maize price stabilization in Kenya. Classification of the staple food and identifying 

sources of price instability are indispensable in formulating policies. The three categories 

used for the classification are tradable, non-tradable, and potentially tradable, depending 

on whether the staple food is (or can be) traded in the world market. The principal 

sources of price instability are shifts in domestic production and fluctuations in world 

prices. Two policy instruments chosen in the analysis are a buffer fimd and a buffer 

stock. A buffer fund is used to import or e.xport maize to offset shifts in domestic maize 

availability. A buffer stock is used to directly counter fluctuations in domestic maize 

production. 

The two policy instruments have advantages and disadvantages. The main 

advantage of a buffer fiind is its low administrative costs. Besides, it earns interest. One 

disadvantage is that the country has to rely on international markets. World prices might 

be unstable and a risk of politically inspired embargoes exists. Another disadvantage is 

that it is hard to earmark foreign exchange. Furthermore, it requires advanced planning 

for timely imports. A buffer stock has an advantage of more reliable food securit>'. Food 

stocks are in pubic warehouses and can be delivered in a timely manner. The major 



disadvantage is high costs, including loss of interest-earning opportunities, quality losses, 

and warehousing. Difficult logistic management of stocks and political pressure to 

employ redundant workers and operate unnecessary depots worsen the problem. It also 

destabilizes the government budget (if the food agency receives a direct subsidy) or the 

country's credit market (if the food agency incurs rising debt). 

In applying the framework to Kenya, three kinds of information are necessary. 

How wide is the c.i.f.-f.o.b. price band? How unstable are world maize prices? And how 

unstable is domestic maize production? First, the c.i.f.-f.o.b. price band is very wide due 

to high transport costs from world supply sources to Mombasa port and from Mombasa 

port to major towns in Kenya. Second, world prices of maize are relatively stable. And 

third, domestic maize production is quite unstable. Therefore, wide fluctuations in 

domestic prices would be likely, given the wide c.i.f.-f.o.b. price band and volatile 

domestic production. Wide shifts in domestic production also imply that maize can 

become importable or exportable. It is vital to examine the costs of the two policy 

instruments and the benefits from maize price stabilization. 

Nyoro (1994) calculates the import/export parity prices and a normal-year maize 

price in Nairobi, and discusses how to achieve self-sufficiency of maize in Kenya. The 

derived import/export paritv' prices in Nairobi are KSh 1,185/bag and KSh 294/bag, 

respectively. The estimated normal-year price in Nairobi is KSh 840/bag, given a target 

consumption of 31 million bags. A band for price stabilization should be wide enough to 

allow private sector transport and storage and reduce costs of government intervention. 
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Aggregate consumption of maize in Kenya is projected to be 39 million bags in 

the year 2000. To achieve self-sufficiency, domestic production has to increase from the 

current normal-year estimate of 28 million bags to 39 million bags. Area expansion and 

input intensification can increase production by 12 million bags in a normal year. 

Therefore. Kenya still has a potential to be self-sufficient even with its rapid population 

growih. 

Pinckney (1988) measures trade-offs among government objectives of minimizing 

price fluctuations, minimizing fiscal costs, and minimizing imports. Minimizing imports 

as a separate goal reflects Kenya's preference toward self-sufficiency in maize. The 

government objective fijnction is assumed a weighted sum of fiscal costs, price 

instability, and imports. Given domestic production, world prices of maize, and initial 

stocks of maize, the model chooses net foreign trade and a net change in stock level in 

each year to minimize the objective flinction. The optimization can screen many policy 

alternatives, measure trade-offs among the objectives accurately, measure the degree of 

sub-optimality of alternative policies, and provide efficient yet administratively simple 

policies. 

The model shows that allowing maize prices to vary SI more in standard 

deviation would save $400,000 to S600,000 annually. Allowing 5% variation instead of 

enforcing a constant price would save about S6 million. The major reason of the 

dominance of a price band scheme in spite of its non-optimality is that it is simple to 

understand and easier to implement. It is unlikely that the optimal policy is well 

understood and implemented at each level of administration. However, the model 
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provides information on how to improve policies while keeping implementation relatively 

simple. The key is to make policies responsive to world prices, opening stocks, and 

domestic production. 

2.8. Summary 

Kenya's objectives regarding maize have been to attain self-sufficiency and stable 

and reasonable prices for both producers and consumers. Despite being unable to achieve 

these goals efficiently, the goverrmient was deeply concerned about private sector 

performance and price instability under liberalization. 

Contrary to the expectations of the government, the private sector has reacted well 

to the changes brought by liberalization at each stage of the marketing chain. 

Particularly, the transport and milling sectors have shown strong positive effects that can 

be directly attributed to liberalization. Uncertainty with respect to price instability, 

however, remains a major concern. This is one of the main reasons for the presence of 

the NCPB. Although discussion of price stabilization policy has continued, little is 

known about how price instability changes when regional markets are integrated. The 

next chapter investigates this issue. 
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3. MARKET INTEGRATION AND PRICE INSTABILITY 

Removing movement control across districts was expected to integrate regional 

markets. Active maize movement induced by the removal would raise prices in surplus 

areas and reduce prices in deficit areas. Price differences between regions appear to have 

narrowed. However, little is known, theoretically or empirically, how price instability 

changes when regional markets are integrated. Existing literature has not established a 

link between price instability and market integration. Good reasons exist. First, it is hard 

analytically to derive a measure of price instability, such as variance, with more than two 

markets being integrated. Second, it is hard empirically to estimate price instability after 

integration due to lack of time series data. 

This chapter examines relationships among price instability, market integration, 

and import policies. A two-market linear supply-demand model shows how means, 

variances, the correlation coefficient, and transport costs relate to the price variance after 

integration. To predict price instability in Kenya after market integration, a numerical 

simulation is used. Assuming that a supply shock is lognormally distributed in each 

district, a spatial price equilibrium model gives a numerical approximation of price 

distributions after integration. The model is applied in six regional markets in Kenya. 

For each realization of random maize production in the six districts, the model calculates 

an equilibrium price. Generating many supply shocks yields an empirical distribution of 

price in each district. The effects of movement controls, liberalization, price stabilization 

policies, and import policies are inferred from the computed spatial equilibrium prices. 
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3.1. Price Variance in an Integrated Market: Two-Market, Linear Demand-Supply 

Model 

A simple two-market model is used to derive the variances of maize prices when 

the two markets are integrated. It allows an examination of relationships among means, 

variances, the correlation coefficient, and transport costs. Deriving an analytical solution 

requires two assumptions. The demand and supply curves in each market are linear, and 

supply shocks are normally distributed. Each market has the following supply and 

demand functions: 

Demand: D, = a, - bP^, 

Supply: S ,  =0 , ,  / = 1, 2 

where P,  is the price in market i ,  6 ,  is a normally distributed random shock, and a ,  and b  

are positive numbers. Equating the demand and supply functions within each region 

gives the autarky price in each market. That is: 
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The autarky price, is a normally distributed random variable, for it is an affine 

function of a normal random variable, G,. Using the autarky price P,. the excess supply 

function becomes: 

ES,  =S , -D ,  

=  e ,  - a ,  +bP ,  

V ' b  J  

'biP.-P,)-

Since the excess supply in one market is equal to the excess demand in the other, in 

equilibrium, 

( . ( / • i -p , )=-«( / ' , -A)  

P , + P , = P , + P , .  (3.1) 

The arbitrage condition in market 1 can be written as^: 

= 

Pj +t, if Pi - P2>t (market 1 imports) 

Pi- if P\ -  Pj  (no trade) (3.2) 

A if A - P\ (market 1 exports) 

' Considering only market I does not lead to any loss of generality. 



Combining (3.1) and (3.2) gives the price in market 1 after integration: 

Px = 

+0 '  

Pi, 

W A 

if Pi-Pi <t  (3.3) 

if P, - h > r .  

Let the mean and the standard deviation of P, be /y, and <j,, and the probabilities that 

Pi - A and Py- Pi's: t be a and /?, respectively. Then, taking an expectation over 

(3.3) yields: 

f  a  +  p ^  a  +  p  a - p  
=  1 ' - - 2  2  •  

£[/*,"] can be derived in a similar manner. Since Var{P^ = E\PI\-{^E\P^ , 

V„r{p, ) = 

Aa*Ptl-a-p)L _ 

4 a  +  p  j  a + p  

(3.4) 



where r  is the pre-integration price correlation coefficient between the two markets. The 

equation (3.4) reveals certain relationships among the parameters. The price variance 

after integration is a function of the price variances in both markets before integration 

and cr^), the price covariance between the markets before integration {rcricri), mean 

price difference before integration (jui - //j), and transport costs (0'°- The post-

integration variance does not depend on individual values of fui and fU2, but on their 

difference, /// - Apart from mean difference and transport costs, the variance after 

integration is a weighted sum of the pre-integration variances and covariance (af, <t\, 

4 — 3(a + 0) ci-¥ B a B 
and rcr.cr-,) as , , and — sum up to one. Smce a + B '\s the 

4 2 4 

probability that trade between the markets occurs," the pre-integration covariance and the 

pre-integration variance in the other market become more important as a + /? gets larger. 

Considering simpler cases helps understand more about relationships between 

price instability (the v£u-iance) and market integration. Let transport costs be zero. It 

implies that trade always occurs {a + p= \), for the probability that P, = A is zero. The 

equation (3.4) now becomes: 

= (3.5) 

a and p also are functions of 07, cr-, r, and /// - //;. 
" It is the probability that the absolute value of price difference between the two markets without trade 
becomes larger than transport costs. 



Variance no longer depends on mean difference. The question is whether this value is 

less than the pre-integration variance, . As a special case, if the pre-integration 

variances in the two markets are equal {a' = cr^ — then; 

cr" — ra/-(Pj) = £7" -̂ (l + r)<T̂  

Therefore, the variance would always be smaller after integration unless the pre-

integration correlation coefficient is unity. In another special case where r = 0, the 

change in the variance is: 

o-r -  Var(P^) = erf -i(<Tf +<7?) 

=  7(3cr f -o- l ) .  

It implies that as long as the other market's pre-integration variance is not so large (less 

than three times as large as the pre-integration variance in the first market), integration 

would reduce the variance. 

If erf ct\ and r ^ 0, the change in the variance before and after integration 

becomes: 
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a; -yar(P^) = ̂ (3c^; - Ircr^cT^ ~ (T;). (3.6) 
4 

Looking at the right hand side of (3.6) as a quadratic function in cr,, the condition for 

market integration to reduce the variance is expressed as follows: 

2 / n\ ^ -7% a^>Var{P^) <=> cr, > cr,- (j.7) 

Similarly, the condition for market 2 is: 

I ^ ^ 
G\>Var[P^) <=> cr, > ^ 0"i- 0-8) 

Combining (3.7) and (3.8) gives the condition that market integration reduces the 

variances in both markets: 

r  +  VP" + 3 
(T, < cr, < 

r  +  + 3 
:CT,. (3.9) 

Figure 3.1 depicts the condition (3.9) graphically. Market integration would 

reduce the variances in both markets only when the pre-integration variances lie between 

the two lines shown below. The region becomes smaller as the pre-integration correlation 



coefficient, r, gets closer to one; the two lines approach the 45-degree line as r goes to 

one. In order for market integration to reduce the variances in both markets, the pre-

integration variances need to be "close" relative to the value of the pre-integration 

correlation coefficient. In other words, market integration is more likely to reduce the 

price variances in both markets if the two markets' autarky prices have similar variances 

and less positive correlation. 

Figure 3.1 
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3.2. Price Instability and Market Integration: A Numerical Simulation for the Maize 

Market in Kenya 

A spatial price equilibrium model is used to simulate maize prices in Kenya when 

regional markets are integrated. The districts chosen are Nairobi, Mombasa, Kisumu and 

Trans Nzoia. Nairobi and Mombasa have the largest populations and little production of 

maize. Therefore, they import maize from other districts most of the time. Kisumu is the 

third largest district in terms of population, but it also devotes substantial land to growing 

maize. Trans Nzoia is the largest producer of maize in the country and supplies the 

deficit districts. 

The yield per hectare in each district is assumed stochastic with a lognormal 

distribution. The annual data on maize yields from 1970 to 1990 are used to compute the 

covariance matri.x among the districts. Multiplying yield by the amount of land under 

maize in 1994 preserves lognormality, and the corresponding covariance matrix is 

derived for maize production. The data come from Odhiambo (1994) and the author'". 

The demand in each district is assumed to have constant price elasticity. Formally, 

district i has the following demand and supply functions: 

AN 
Demand: D =  

P' 

Supply: 5, = T), M,, 

Since the datum on land under maize in Nairobi is not available, the one in Kiambu, the closest to 
Nairobi, is used as a pro.Kv. 
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where P,  is the price, /I is a constant, N,  is the population, t], is a lognormal random 

shock, and M, is the amount of land under maize. Transportation costs are taken from 

Sasaki (1995) to compute a spatial price equilibrium, given a realization of computer-

generated random shocks. The equilibrium prices and shipments satisfy the following 

conditions: 

where T,j is the constant transportation cost and Xjj is the non-negative maize shipment 

from district / to district j. 

The algorithm used to compute the spatial prices closely follows Dafermos and 

Nagumey (1989). Since demand is non-linear and supply does not depend on price, the 

theoretical convergence of the algorithm has not been established. In practice, however, 

most of the cases converged. Only 14 out of 600 cases did not satisfy the price arbitrage 

conditions. The margin of error was relatively small and ignored when computing the 

sample moments of the simulated distributions. The values of the parameters used in the 

simulation are: /I = 34 and 35, and e= 0.5. 100 random draws for 77, are generated for 

the simulation. Since demand has constant price elasticity, the autarky price is 

lognormally distributed. 



Table 3.1 shows the mean prices in Kenyan Shillings (KSh) per 90kg-bag before 

and after integration for A = 34, and 35. As expected, the mean prices rise in the surplus 

districts and fall in the deficit districts. 

Mean Prices of Maize before and after Market Integration 

District Trans Nzoia Nairobi Kisumu Mombasa 
A = 34 Autarky 54 13,556 904 10.310,683 A = 34 

Integrated 703 901 786 1,061 
A = 35 Autarky 57 14,365 958 10,926,113 A = 35 

Integrated 753 951 836 1,111 

Table 3.1 

Table 3.2 shows the changes in the coefficients of variation before and after 

integration. In Trans Nzoia and Mombasa, the districts with the two lowest coefficients 

of variation before integration, the coefficients go up whereas they go down in the other 

districts. The result is consistent with the theoretical findings in the previous section. 

Coefficients of Variation before and after Integration 

District Trans Nzoia Nairobi Kisumu Mombasa 
A = 34 Autarky 0.0952 0.3401 0.4257 0.1608 A = 34 

Integrated 0.3952 0.3105 0.3630 0.2636 

>
 

II
 

Autarky 0.0952 0.3401 0.4257 0.1608 >
 

II
 

Integrated 0.3920 0.3122 0.3614 0.2671 

Table 3.2 



The movement control imposed by the Kenyan government required the purchase 

of a permit to move maize across districts. Police harassment at the border, such as 

bribes, was also a factor hindering private sector trade of maize. Therefore, the 

movement control can be incorporated in the model by imposing higher transport costs. 

Table 3.3 shows changes in mean prices when transport costs rise by 50 percent 

and 100 percent. Decreases in transport costs result in higher prices in the surplus 

districts and lower prices in the deficit districts. 

Transport Costs and Mean Prices 

District Trans 
Nzoia 

Nairobi Kisumu Mombasa 

A = 34 100% Increase 569 969 740 1,289 A = 34 
50% Increase 634 932 760 1,171 

A = 34 

No Change 703 901 786 1,061 
A = 35 100% Increase 618 1017 788 1,337 A = 35 

50% Increase 683 982 810 1,222 

A = 35 

No Change 752 951 836 1,111 

Table 3.3 

Table 3.4 shows how the coefficients of variation change as transport costs vary. 

Again, the coefficients of variation in the districts with the two highest values. Trans 

Nzoia and Kisumu, decrease as the markets become more integrated (transport costs 

decrease). The district with the highest coefficient of variation is Trans Nzoia when 

transport costs rise by 100 percent. 
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Transport Costs and Coefficients of Variation 

District Trans 
Nzoia 

Nairobi Kisumu Mombasa 

A = 34 100% Increase 0.4679 0.2750 0.3754 0.2067 A = 34 

50% Increase 0.4306 0.2940 0.3716 0.2345 

A = 34 

No Change 0.3952 0.3105 0.3630 0.2636 
A = 35 100% Increase 0.4600 0.2793 0.3749 0.2125 A = 35 

50% Increase 0.4261 0.2967 0.3701 0.2384 

A = 35 

No Change 0.3920 0.3122 0.3614 0.2671 

Table 3.4 

3.3. Summary 

The findings consistent with the two-marktl uiialysis and the numerical simulation 

in Kenya are: (1) mean prices would rise in surplus districts and fall in deficit districts as 

a result of market integration, and (2) the coefficients of variation would increase if the 

pre-integration coefficients are low, and vice versa. In the case of the Kenya maize 

market, liberalization reduces mean prices and raises the coefficients of variation in 

Nairobi and Mombasa. Since most people in these districts are pure consumers of maize, 

the effects of liberalization appear favorable to them as the increases in price variability 

are small.'"' In Trans Nzoia. mean price would rise and the coefficient of variation would 

fall. Given that most farmers in the district sell a large amount of their produce, the 

effects of liberalization seem favorable, too. Kisumu shows the characteristics of a 

The effects of price variability on consumer's welfare have not been established well in the literature. 
See. for example, Newbery and Stiglitz (1981). 
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surplus district, but in reality, it is perceived to be a deficit one. Adding more surplus 

districts in the model may change the result concerning Kisumu. 

The overall effects of maize market liberalization in Kenya seem positive. It 

would not change price variability substantially. Since maize price in Kenya has been 

volatile, room for government inter\'ention in price stabilization might exist. However, 

further research of the welfare effects on farmers and consumers in surplus and deficit 

districts is required. Because of the non-linearity of demand, the computational costs of 

increasing the number of markets and incorporating farmer welfare are prohibitive. 

Therefore, developing an efficient algorithm for computing non-linear spatial price 

equilibrium model is crucial. 
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4. EFFECTS OF AGRICULTURAL POLICIES IN THE MAIZE MARKET 

This chapter analyzes the effects of various agricultural policies using a spatial 

price equilibrium model with endogenous supplies under uncertainty. It is a rational 

expectations equilibrium model for computer simulations in which farmers choose a crop 

mix, taking as given distributions of maize price, maize yield, and returns from 

alternative crops. Section 4.1 introduces the model and explains how to solve it 

numerically. 

The model uses an indirect utility function to characterize farmers. It allows the 

model to analyze supply responses of different t>pes of farmers as well as welfare effects 

of various agricultural policies under uncertainty. A specific indirect utility function must 

be chosen to conduct the computer simulations and the solutions may depend on the 

choice of the function. Therefore, section 4.2 discusses how an indirect utility fijnction is 

selected. 

Section 4.3 introduces parametric numbers used in the simulations. Many of them 

are based on data from various studies on Kenya. The districts chosen for the study are 

Trans Nzoia, Uasin Gishu, Kisii, Kisumu, Nairobi, and Mombasa. The first two districts 

are major suppliers of maize in Kenya while the last two are major urban areas. Kisumu 

produces a large amount of maize but has the third-lzu-gest city, and thus it tends to import 

maize from other districts. Kisii is a small district with fertile soil and can be a surplus or 

deficit district. 
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Section 4.4 presents the simulation results of the effects of agricultural policies in 

the maize market. The maize policies considered are maize movement control, price 

band, improvement of cash crop marketing, international trade policies, and some 

combinations of the preceding factors. The model shows how these policies affect a crop 

mix between maize and a cash crop, welfare of fanners, means and coefficients of 

variation of maize prices, and e.xpected income of fanners. Finally, section 4.5 

summarizes the policy implications of the findings. 

4.1. A Spatial Price Equilibrium Model with Endogenous Supply under Uncertainty 

A district has two t>pes of farmers, large-scale and small-scale, who plant maize 

or an alternative crop. All farmers in a district are assumed to belong to one of the two 

types. A farmer chooses the amount of land under maize to solve the following problem: 

£ is an expectations operator and subscripts i  and t  denote district and type of farmer, 

respectively. P, is the price of maize in district /, and I is income of a farmer. 

V : R' R is an indirect utility function that is twice continuously differentiable and 

strictly concave in I. Income of farmers comes solely from their arable land where they 

Ma.\ / = 1,= large,small, 
SZ,,, 

(4.1) 
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can plant maize or an alternative crop. I,, is the arable land available (in hectares) to a 

tjpe t farmer in district i, and Z,„ is the amount of land under maize, cp, is the yield of 

maize per hectare in district /, and c„ is the cost of producing maize per hectare for a ty pe t 

farmer in district /. Therefore, ) is the net return from growng maize. ;r, is the 

net return from an alternative crop. 

V is the same for both types of farmers. The only differences between large-scale 

and small-scale are the different levels of arable land, L„, and the cost of producing 

maize, c„. k, and are assumed independent random variables. Since the yield of 

maize, (p,, affects total production of maize in the district, P, and <p, are correlated. 

The first order condition for solving (4.1) is: 

<0 , i f l„  =0  

L cl 
= 0 , i f0<L. ,  <4 ,  V/ , / .  (4 .2)  

>0 , i f  L„ =4, ,  

A numerical approximation of the left-hand side of (4.2) is: 

M ̂  31 oL„ 
' i t  

(4.3) 



where M is the number of simulated random shocks and q denotes a realization of the 

random variables generated by computer. Although each farmer takes a price distribution 

as given, a price distribution depends on the total amount of land allocated to maize. 

Therefore, assuming that an equilibrium price is unique for each realization of random 

variables and a given level of land under maize, a numerical solution to (4.2) satisfies the 

following equation: 

<Oif  I , ,  =0  

= OifO<£„<r„ 

>Oif / :„  =Z"„, 

V/,y, (4.4) 

w h e r e  £  =  ( Z , , / , w i t h  I and s denoting large-scale and small-scale, 

respectively. L determines P/ through a spatial price equilibrium model. 

The first step to solve (4.4) is to determine the initial level of land under maize, 

L,„ for all / and t. The lower bound of L„ is set to be one-hundred thousandth of Z,„, 

instead of zero, to avoid numerical complications. All of the individual land under maize 

is added in each district to compute the total amount of land under maize. That is: 

1 

cl oL.. 

A ^ A/  V/ .  
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where L,  is land under maize in district /, and /, and s ,  denote the numbers of large-scale 

and small-scale farmers in the district, respectively. 

The demand and supply of maize in each district are: 

Demand : D. = 
P, V/, (4.5) 

Supply :  S ,=<p ,L , ,  

where A is a constant and N,  is the population in district i .  A variation of the method for 

solving a spatial price equilibrium model developed by Nagumey, Takayama, and Zhang 

(1995) determines the price in every district for each realization of the random variables. 

The prices and marketing satisfy the following conditions: 

= P' if X' > 0, 
VLJ.q .  (4.6) 

> P'' if X' = 0. 

where A'J is the non-negative maize shipment from district i to district j at qth 

observation, and Tij is the constant transport cost per 90 kg-bag of maize between the 

districts. The method provides faster and more reliable convergence to equilibrium 

prices, compared to the method employed in the previous chapter. 

The equation (4.3) is evaluated by inserting the values of the prices. Since it is the 

value of a first derivative with respect to the choice variable, a positive value indicates 



that the farmer wants to increase land under maize (vice versa for a negative value). 

Therefore, unless L„ is on the boundary to start with, L„ is increased if the value is 

positive and L„ is decreased if the value is negative. The process continues until the 

condition (4.4) is satisfied with reasonable precision. 

4.2. Choice of Indirect Utility Function 

The numerical solutions of the model described in the previous section may 

depend on the specific characteristics of the indirect utility function. It is chosen to 

satisfy stylized facts on the behavior of a farmer-consumer with respect to staple food. 

Farmers are risk averse toward income as producers of maize <0). Demand for 

maize is assumed price-inelastic, that is, the price elasticit>' is between zero and one 

(0 < £• < 1). Maize is a necessit)', which implies that the income elasticity must fall 

between zero and one (0 < ?? < 1). Both price and income elasticities are expected to 

decline as income increases {de/dl <0, and drj/dl < 0). An increase in price or income 

thus will have very small effects, if any, on maize consumption by rich farmers. It is 

assumed that marginal utility of income increases when price goes up {Vp^ >0). That is, 

when the maize price rises, additional income becomes more important {cV, fdP >0). 

Another interpretation is that when income increases, discomfort from a higher price 

decreases  {cVpjdl >0) .  

The following indirect utility function is used to describe farmers: 
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V { P , I )  = {Y- / J > " + \ n [ e ' " - \ ] ) \  0  < a , p , K  0 .  (4.7) 

The following condition is required for the function to be well defined: 

-1 >0, /-A/'"+ln[e^-1]>0. (4.8) 

Given that condition (4.8) is met, v(P, I) is strictly concave in / and satisfies risk aversion 

(V,, <0). The Arrow-Pratt coefficient of absolute risk aversion is: 

p{y + (1 - Ac)ĝ  + ln[ĝ  -1]) 

(e^' - l)(r - /L/"" + ln[e^ -1]) 

Indirect utility function (4.7) yields a demand function for maize in the form of: 

c c i  ( 1 - e ' ^ )  
p p' 

X(P,I) = — ̂  . \ (4.9) 

The price elasticity of demand for maize derived from equation (4.9) is (I — a). It lies 

between zero and one but it is constant and does not change with income. That is, 

individual demand for maize is inelastic but income levels have no effect on the 

elasticity. The income elasticity of demand derived from demand function (4.9) is: 
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with the following properties; lim^ = I, lim^ = 0 , and d q / d l  < 0 .  T h e s e  r e s u l t s  i m p l y  
/ -•0 ! -»« 

that maize is a necessity and an increase in income has smaller effects on maize 

consumption for richer farmers. Finally, given condition (4.8), marginal utility of income 

increases as maize price rises ( >0). 

Since the simulation results may depend on specification of an indirect utility 

function, the function is not arbitrarily chosen. As shown above, the indirect utility 

function satisfies most of the stylized facts of the behavior of farmers with respect to 

staple foods. Farmers with indirect utility function (4.7) are averse to income volatility, 

have inelastic demand, and maize is considered a necessity. They also are characterized 

by increasing marginal utility of income with respect to maize price and decreasing 

income elasticit>' with respect to income. 

4.3. Data and Numbers Used in the Simulations 

This section shows the values of parameters used in the simulations. The model 

consists of two major parts: ma.ximization of farmers' indirect utility functions and 

computation of spatial price equilibria. The parameter values of indirect utilit>' function 

(4.7) are assumed to be: or = 0.3 , /? = 0.00001, / = 150, x = 0.5, and k = 0.5 . 



The maximization problem of (4.1) needs the spatial price equilibrium model of 

(4.5) and (4.6) because the amounts of land under maize affect maize prices. Because 

Nairobi lacks production data of any crops, data on Kiambu are used instead. The arable 

land available to both large-scale and small-scale fanners in hectares (Z„. / = I,...,6, t = 

large, small) and the number of farms in each district are assumed to be as follows: 

Arable Land Available (Hectares) and Number of Farms 

District Trans 
Nzoia 

Uasin 
Gishu 

Kisii Kisumu Nairobi 
(Kiambu) 

Mombasa 

Large 
scale 

Land 200 200 20 20 20 2 Large 
scale of 

farmers 
200 800 10 1000 50 7000 

Small 
scale 

Land 50 50 1 5 1 1 Small 
scale # o f  

farmers 
3,360 8,160 219,800 88,200 414,000 7,000 

Table 4.1 

These numbers are designed to add up to the total amount of arable land available 

in each district in 1994. A survey team from Egerton University Policy Analysis Matrix, 

including the author, interviewed district agricultural officers for the total figures. For 

example, arable land available in Trans Nzoia was 208,000 hectares in 1994. 

Means, variances, and covariances of maize yield per hectare are computed from 

the data in Odhiambo (1994). His work reports yield data from 1970 to 1990 in each 

district. Tables 4.2 and 4.3 show means and the variance-covariance matrix of maize 

yield per hectare in metric tons. Yield of maize per hectare in each district ( ̂ ,, / = 1,...,6 ) 

is assumed lognormal. 
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Mean Yield of Maize per Hectare (Metric Tons) 

District Trans 
Nzoia 

Uasin 
Gishu 

Kisii Kisumu Nairobi 
(Kiambu) 

Mombasa 

Mean vield 3.1093 2.7635 2.0154 2.3550 2.0355 0.9635 

Table 4.2 

Variance-Covariance Matrix of Yield of Maize per Hectare (Metric Tons) 

Trans 
Nzoia 

Uasin 
Gishu 

Kisii Kisumu Nairobi 
(Kiambu) 

Mombasa 

Trans 
Nzoia 

0.0876 0.1029 0.0077 0.0169 -0.0089 -0.0019 

Uasin 
Gishu 

0.1029 0.5270 0.1129 -0.1281 -0.1129 -0.0431 

Kisii 0.0077 0.1129 0.2273 0.0350 -0.1460 -0.0158 

Kisumu 0.0169 -0.1281 0.0350 1.0050 -0.0495 0.0892 

Nairobi 
(Kiambu) 

-0.0089 -0.1129 -0.1460 -0.0495 0.4792 -0.0093 

Mombasa -0.0019 -0.0431 -0.0158 0.0892 -0.0093 0.0240 

Table 4.3 

The cost of producing maize varies with districts and size of farms. Table 4.4 

illustrates the differing costs of producing maize. In Kisii, Kisumu, Nairobi, and 

Mombasa, no clear distinctions e.xist between different sizes of farms. The data come 

from a sur\'ey conducted by Ariga et al. (1994). 
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Cost of Maize Production per Hectare (KSh) 

Trans 
Nzoia 

Uasin 
Gishu 

Kisii Kisumu Nairobi 
(Kiambu) 

Mombasa 

Large 28,333 20,300 7,984 17,792 10.193 20,769 
Small 18,427 14,495 7,984 17,792 10,193 20,769 

Table 4.4 

Table 4.5 shows the alternative (cash) crops and the net expected returns in 

Kenyan Shillings for each type of farm (;r„, / = t = large, small). The data also 

are based on Axiga et al. (1994). 

Alternative Crops and Net E.\pected Returns (KSh) 

Trans 
Nzoia 

Uasin 
Gishu 

Kisii Kisumu Nairobi 
(Kiambu) 

Mombasa 
(Taita 

Taveta) 
Cash crops Wheat Wheat Tea Sugar Coffee Banana 
Net return 7,753 9,691 91,165 31.720 49.086 132,871 

Table 4.5 

Because of a lack of data for alternative crops in Mombasa, a district of Taita 

Taveta is used instead. For the same reason. Trans Nzoia's wheat yield is assumed to be 

80% of that in Uasin Gishu. Each retum is assumed independent and lognormally 

distributed with its standard deviation being five times as large as its mean. 

In solving the spatial price equilibrium model, the value of constant A in the 

demand function is assumed to be 900. Population in each district (iV,. / = I....,6) is 

shown in Table 4.6. 
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Population 

TN UG Kisii Kisumu Nairobi Mombasa 
Population 495,105 553,011 791,790 1,108,766 1.715,396 545,402 

Table 4.6 

The data on costs of transporting maize between districts come from Sasaki 

(1995). Table 4.7 shows pair-wise transportation costs of maize. 

Cost of Transportation per 90 kg-bag of Maize (KSh) 

TN UG Kisii Kisumu Nairobi Mombasa 
TN 40 120 100 200 360 
UG 40 100 150 180 330 

Kisii 120 100 160 190 340 
Kisumu 100 150 160 120 280 
Nairobi 200 180 190 120 200 

Mombasa 360 330 340 280 200 

Table 4.7 

4.4. Agricultural Policies and Their Effects 

The policies considered are maize movement control, price band policy, 

improvement of cash crop marketing, free trade, quantity restriction and tariff on import, 

and some combinations of the above. Since more control on maize movement makes it 

more difficult transport across district borders, it is treated as an increase in the transport 

costs. Improving cash crop marketing is assumed equivalent to reducing variability of 

returns from the cash crops. Kenya takes the world maize price as given and the price is 

assumed stochastic. 



These policies affect many aspects of farmers' life and the maize market. The 

effects examined include welfare and expected income of farmers, means and coefficients 

of variation of maize prices, and a crop mix between maize and a cash crop. 

(1) The Base Model 

Table 4.8 shows the sizes of farmers, the equilibrium land allocation, expected 

utilities, expected income, expected maize prices, and coefficients of variations of maize 

prices. Trans Nzoia and Uasin Gishu account for most maize production. The best-off 

farmers are large-scale farmers in Trans Nzoia and Uasin Gishu while the worst-off 

farmers are small-scale farmers in Nairobi and Mombasa. Uasin Gishu has the lowest 

expected price and the highest coefficient of variation whereas Mombasa has the highest 

expected price with the lowest coefficient of variation. 

Base Model 

Trans Nzoia Uasin Gishu Kisii Kisumu Nairobi Mombasa 
Size 200 50 200 50 20 1 20 5 20 I 2 1 
MZ 61.7 1.9 157.6 6.0 0 0.1 0 0 0 0.2 0 0 
EU 10.61 10.21 10.84 10.37 10.53 9.93 10.25 9.93 10.39 9.86 9.60 9.51 
EI 990 225 1265 318 1247 58 1012 253 1088 44 299 150 
EP 661.8 62 1.8 721.8 761.8 739.8 926.0 
CV 0.1916 0.2039 0.1756 0.1664 0.2032 0.1545 

Size shows the amounts of arable land available to farmers in hectares. MZ is the equilibrium land 
allocation of maize. EU, EI, EP, and CV stand for e.vpected utility, e.xpected income in thousand Kenyan 
Shillings, e.xpected price of maize in Kenyan Shillings, and coefficient of variation of maize price, 
respectively. 

Table 4.8 



Table 4.9 shows the actual amount and the percentage of land under maize in each 

district in 1994 in comparison to the equilibrium in the simulation. Trans Nzoia and 

Uasin Gishu switch their roles, but in both cases one district uses about 30% of its land 

for maize while the other uses about 10%. Kisii and Nairobi plant more maize but 

Kisumu and Mombasa plant no maize in the simulation. 

Comparison of Actual (1994) and Simulated Allocations of Land under Maize 

District Trans Uasin Kisii Kisumu Nairobi Mombasa 
Nzoia Gishu (Kiambu) 

Tota land 208.000 568,000 220,000 461,000 415,000 21,000 

Maize Actual 67.488 58,630 15,218 61,507.5 26.100 560.5 
Simulation 18,724 175,040 21,980 0 82.800 0 

Percentaae Actual 32.4 10.3 6.9 13.3 6.3 2.7 
Simulation 9 30.8 10 0 20 0 

Kisii includes Nyamira district. 

Table 4.9 

(2) Movement Control on Maize 

Removal of movement control in the maize market was very controversial when it 

was implemented in the early 1990s. Movement control meant higher transportation 

costs in the form of payments for permits, and bribes and hassles with the police at 

district borders. The model imposes 20% higher transport costs to examine the effects. 

Table 4.10 shows the results of the simulation. 
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Effects of Movement Control on Maize 

Trans Nzoia Uasin Gishu Kisii Kisumu Nairobi Mombasa 
Size 200 50 200 50 20 1 20 5 20 1 2 1 
Base 61.7 1.9 157.6 6.0 0 0.1 0 0 0 0.2 0 0 
MC 75.8 0.7 126.8 5.3 0 0.1 0 0 0 0.2 0 0 
EU -.01 -.05 -.01 +.02 -.1 -.1 -.15 -.16 -.04 -.04 -.29 -.3 
EI +69.3 •+3.31 -20.9 +.755 0 -.571 0 0 0 -.770 0 0 
EP -rl4.2 -5.8 +44.2 +64.2 + 17.2 + 125 
CV 0 +.0064 -.0065 -.0096 +.0161 -.0045 

Base is the equilibrium land allocation of maize in the base model. MC shows the new equilibrium land 
allocation of maize after movement control. EU, EI, EP, and CV stand for changes in e.xpected utility, 
e.xpected income in thousand Kenyan Shilling, e.xpected price of maize, and coefficient of variation of 
maize price, respectively. 

Table 4.10 

Movement restriction raises expected prices and makes farmers worse off in 

almost all districts. The only exception is Uasin Gishu where the expected price falls and 

small-scale farmers are better off. Large-scale farmers in Trans Nzoia increase acreage of 

maize while farmers in Uasin Gishu and small-scale farmers in Trans Nzoia reduce it. 

The effect on price variability is mixed but consistent with the result derived in the 

previous chapter. That is, removing movement control reduces variability in more 

volatile districts (Uasin Gishu and Nairobi) and vice versa in less volatile districts 

(Kisumu, Kisii, and Mombasa). 

(3) Price Band 

One of the serious concerns resulting from liberalization was the volatility- of 

maize price. Although the NCPB had failed to stabilize maize prices, it insisted on the 

value of stabilizing price. Table 4.11 shows the effect of imposing a price band ranging 



from KSh 500 to KSh 900 in each district. It implies that the government buys maize 

when price drops below KSh 500 and sells it when above KSh 900 to maintain the price. 

Effects of a Price Band (KSh 500 - KSh 900) 

Trans Nzoia Uasin Gishu Kisii Kisumu Nairobi Mombasa 
Size 200 50 200 50 20 1 20 5 20 I 2 1 
Base 61.7 1.9 157.6 6.0 0 0.1 0 0 0 0.2 0 0 
PB 155.0 6.8 95.6 4.0 0 0.1 0 0 0 0.2 0 0 
EU +.03 +.04 +.02 +.05 +.05 +.06 +.05 +.05 +.04 +.04 +.14 +.13 
El -60.1 -17.0 -14.7 +4.16 0 +.422 0 0 0 +.668 0 0 
EP -21.4 -23.3 -23.3 -21.4 -16.6 -56.1 
CV -.0916 -.0092 -.0794 -.0799 -.0651 -.0973 

PB shows the new equilibrium land allocation of maize after the imposition of a price band. 

Table 4.11 

The price band makes all farmers better off, however, how much of it is caused by 

the reduction of volatility is unclear. Since expected prices of maize are lower in all 

districts, they make farmers better off, given the relatively small changes in e.xpected 

income. 

(4) Free Trade 

Whether Kenya should trade maize in the world market without restriction has 

always been a controversial issue. Particularly, there has been some strong opposition to 

maize import. It was to protect Kenyan farmers from inexpensive foreign maize and not 

to rely on foreign countries for the supply of the staple food. Table 4.12 shows the effects 

of allowing free trade of maize at the port of Mombasa. The world price of maize is 



assumed to be an independent random variable with the means of c.i.f. and f.o.b. prices 

being KSh 900 and KSh 500 and the standard deviations being 10% of the means. 

Effects of Free Trade (Stochastic World Pricc) 

Trans Nzoia Uasin Gishu Kisii Kisumu Nairobi Mombasa 
Size 200 50 200 50 20 I 20 5 20 1 2 1 
Base 61.7 1.9 157.6 6.0 0 0.1 0 0 0 0.2 0 0 
FT 74.7 0.7 151.5 5.6 0 O.I 0 0 0 0.2 0 0 
EU +.01 -.01 0 +.01 +.01 +.01 +.01 +.01 +.01 +.01 +.18 +.18 
EI -1.54 +3.04 -3.49 -.866 0 +.165 0 0 0 +.302 0 0 
EP -4.3 -4.3 -4.3 -4.3 -6.0 -79.4 
CV -.0253 -.0268 -.0232 -.0220 -.0258 -.0578 

FT shows the new equilibrium land allocation of maize after allowing free trade of maize at Mombasa. The 
world price of maize is assumed stochastic. 

Table 4.12 

The maize price in Mombasa falls dramatically, as expected, but decreases in 

expected prices in the other districts are small. It reflects the high transport costs from 

Mombasa. The variability of maize price also falls in every district. Most farmers 

become slightly better off with the exception of farmers in Mombasa who gain more from 

the larger decrease in price. Despite the decrease in maize price, large-scale farmers in 

Trans Nzoia increase acreage of maize. 

(5) Quantity Restriction and Tariff 

To reduce the impact of importing maize, the country can impose some 

restrictions on imports. Most notable ones are quantity restrictions and tariffs. Tables 



4.13 and 4.14 show the effects of these policies separately. The maximum amount 

allowed at Mombasa is set at 10,000 90kg-bags for the quantity restriction. 

Effects of Quantity- Restriction on Maize Import 

Trans Nzoia Uasin Gishu Kisii Kisumu Nairobi Mombasa 
Size 200 50 200 50 20 1 20 5 20 1 2 I 
FT 74.7 0.7 151.5 5.6 0 O.I 0 0 0 0.2 0 0 
OR 62.2 0.4 162.2 6.3 0 0.1 0 0 0 0.2 0 0 
EU -.01 -.01 0 -.01 -.01 -.01 -.01 -.02 -.01 -.01 -.17 -.17 
EI -f-6.57 +.759 +8.47 -1.31 0 -202 0 0 0 -.256 0 0 
HP +5.6 +5.6 +5.6 +5.6 +4.7 +73.8 
CV +.0247 +.0262 +.0228 +.0216 +.0200 +.0530 

FT shows the equilibrium land allocation of maize after allowing free trade of maize at Mombasa. QR 
shows the new equilibrium land allocation of maize after imposing a limit of 10,000 90-kg bags on maize 
import at Mombasa. 

Table 4.13 

The imposition of the quantity restriction has anticipated results. Prices are higher 

and more volatile, and farmers are worse off with the most affected being Mombasa 

farmers. Trans Nzoia farmers decrease maize acreage while Uasin Gishu farmers 

increase it. Comparison with the base model reveals that expected maize prices are 

higher with the quantity-restricted trade than with no trade except for Mombasa. It 

indicates that farmers plant less maize in the country as a whole. 

Table 4.14 shows the effects of a 20% tariff on maize import. The results are 

almost identical to those of the quantity restriction. 
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Effects of Tariff on Maize Import 

Trans Nzoia Uasin Gishu Kisii Kisumu Nairobi Mombasa 
Size 200 50 200 50 20 1 20 5 20 1 2 I 
FT 74.7 0.7 151.5 5.6 0 0.1 0 0 0 0.2 0 0 
T 63.2 0.4 160.0 6.3 0 0.1 0 0 0 0.2 0 0 

EU -.01 -.01 0 -.38 -.01 -.01 -.01 -.01 -.01 0 -.15 -.15 
EI -i-3.77 +.661 +7.08 -1.32 0 -.217 0 0 0 -.258 0 0 
EP H-4.1 +4.1 +4.1 -i-4.1 +2.9 +63.1 
CV +.0129 +.0136 +.0119 +.0112 +.0097 +.0375 

T shows the new equilibrium land allocation of maize after imposing a tariff of 20% at Mombasa. 

Table 4.14 

(6) Improving Cash Crop Marketing 

Although cash crops have much higher expected returns than maize, the payments 

for the products are notoriously unreliable. The unpredictable pavments are regarded as 

the main reason for many farmers' unwillingness to grow more cash crops. In this study, 

improvement of marketing is interpreted as reducing the cases of low returns. 

Particularly, among the computer generated random numbers for a cash crop return, the 

deviations from the sample mean were reduced by 20% only for those numbers with 

lower values than the sample mean. That is: 

"O if < 

if k"*, > m, 
V/, 
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m 

where m, = — (the sample mean) and is a newly created random number through 
m 

improved marketing. Therefore, not only the volatility of the returns from cash crops is 

reduced but also the e.xpected returns are increased. Table 4.15 shows the result. 

Effects of More Stable Returns from Cash Crops 

Trans Nzoia Uasin Gishu Kisii Kisumu Nairobi Mombasa 
Size 200 50 200 50 20 1 20 5 20 1 2 1 
Base 61.7 1.9 157.6 6.0 0 0.1 0 0 0 0.2 0 0 

S 200 0 200 7.1 0 0 0 0 0 0 0 0 
EU +.46 -.24 +.24 -.76 -.12 -.31 -.23 -.28 -.32 -.46 -.35 -.37 
EI + 1701 + 159 + 1293 + 144 +427 +25.8 + 144 +35.7 +306 +25.5 +72.3 +36.1 
EP + 152.2 + 158.2 + 158.2 +152.2 +220.2 + 184 
CV +.0011 +.0061 +.0105 +.0052 -.0326 -.007 

Bcise is the equilibrium land allocation of maize in the base model. S shows the new equilibrium land 
allocation of maize after the returns from the cash crops become more stable. 

Table 4.15 

The change promotes specialization in one crop. Only small-scale farmers in 

Uasin Gishu have an interior solution and only Trans Nzoia and Uasin Gishu produce 

maize. Contrary to the popular belief, most farmers are made worse off despite the 

substantial increases in expected income. Large-scale farmers in Trans Nzoia and Uasin 

Gishu are the only ones who benefit from the improvement. This probably is due to the 

much higher maize prices. The increases in expected maize prices range from KSh 150 

through KSh 220. This suggests that improving returns from cash crops itself may not 

improve welfare of farmers since more farmers are drawn to growing cash crops, which 

raises maize prices substantially. 



One way to curb the increases in maize price is to import maize. Table 4.16 

shows the effects of more reliable returns from cash crops together with free trade in the 

world market. 

Effects of More Stable Returns from Cash Crops with Free Trade 

Trans Nzoia Uasin Gishu Kisii fCisumu Nairobi Mombasa 
Size 200 50 200 50 20 1 20 5 20 1 2 1 
Base 61.7 1.9 157.6 6.0 0 0.1 0 0 0 0.2 0 0 
S/FT 200 0 200 5.1 0 0 0 0 0 0 0 0 
EU +.45 -.23 +.26 -.27 -.10 -.29 -.22 -.27 -.30 -.44 +.16 +.14 

EI + 1656 + 159 + 1302 + 146 +427 +25.8 +144 +35.7 +306 +25.5 +72.3 +36.1 
EP + 145.6 + 148.7 + 148.7 + 145.6 +210.7 -34.5 
CV -.0402 -.0430 -.0332 -.0317 -.0728 -.0578 

S/FT shows the new equilibrium land allocation of maize with more stable cash crop returns and free trade 
at Mombasa. 

Table 4.16 

Now farmers in Mombasa become better off as a result of inexpensive maize from 

foreign countries. However, it does not affect the maize prices in the other districts 

nearly as much due to the high transport costs between Mombasa and the other districts. 

To have more impact on maize prices in the other parts of the country, the world 

price needs to be much lower. Table 4.17 examines the effects of a 40% lower world 

price coupled with more reliable returns from cash crops. 

Only large-scale farmers in Trans Nzoia and Uasin Gishu produce maize. Most 

farmers are better off because of inexpensive maize from foreign countries. In Mombasa, 

maize price falls dramatically and in Nairobi, which is closest to Mombasa among the 

examined districts, price falls by a small amount. One common fact, regardless of trade 



policy, is that small-scale farmers suffer more (or gain less) in every district. That is 

probably because small-scale farmers are affected more negatively by higher maize 

prices. 

Effects of More Stable Returns from Cash Crops with Free Trade (40% lower 

world price of maize) 

Trans Nzoia Uasin Gishu Kisii Kisumu Nairobi Mombasa 
Size 200 50 200 50 20 1 20 5 20 1 2 1 
Base 61.7 1.9 157.6 6.0 0 0.1 0 0 0 0.2 0 0 
S/FT 191.6 0 184.1 0 0 0 0 0 0 0 0 0 
EU +.19 +.03 +.14 1 b

 

+.10 -.07 +.03 -.01 +.18 +.08 +1.01 + 1.01 
EI +576 + 159 +621 + 149 +427 +25.8 +144 +35.7 +306 +25.5 +72.3 +36.1 
EP +37.3 +56.4 +56.4 +37.3 -3.7 -389.9 
CV -.1125 -.1173 -.1002 -.0972 -.1331 -.0582 

Table 4.17 

4.5. Policy Implications 

When liberalization of the maize market started, the imminent issue was whether 

the private sector could effectively buy, transport, and sell maize throughout the countr>'. 

As shown in chapter 2, there is plenty of evidence to support active engagement of the 

private sector in the maize market. However, the effects of liberalization have not been 

well understood theoretically. The previous studies, in evaluating the effects of 

agricultural polices, have omitted at least one (often more than one) of the following 

aspects: Maize price and cash crop returns are stochastic, supply of maize is endogenous, 

and fanners behave as both producers and consumers. This paper incorporates all of 
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them by numerically maximizing indirect utility functions and solving a spatial price 

equilibrium model. 

Removal of movement control on maize reduces expected prices and makes 

farmers better off by encouraging inter-district trade of maize. It tends to induce farmers 

to produce more maize. Some argued that integrating the maize market by removing 

control would reduce volatility of maize price. However, it depends on the price 

variability of a district before removal: If a district has high volatility, integration of the 

market will reduce the volatility but a district with low volatility will face more variable 

price. 

Since maize price volatility was a serious concern at the beginning of the 

liberalization process, many measures were considered to stabilize maize prices. 

Although ineffectiveness of the government and high costs of implementation virtually 

eliminated a price band as a viable policy, the effects of it were believed to be positive. 

The simulation supports the position with lower expected prices and lower price 

variability. However, the farmers' reaction to the policy is not uniform. Trans Nzoia 

farmers increase their acreage of maize while Uasin Gishu farmers reduce it. 

The other major concern of liberalization was self-sufficiency of the staple food, 

which aroused oppositions to maize import in fear of being dependent on foreign 

supplies. Given a relatively stable world maize price, however, scholars generally agreed 

that imports w^ould stabilize price and supply of maize in Kenya. The analysis shows 

slight increases in farmers" welfare and small decreases in expected prices and price 

variability except in Mombasa. The small degrees of the changes reflect the high 



transport costs to various parts of the country from Mombasa where maize is imported. 

Therefore, if the mean of c.i.f import price is indeed around KSh 900, the positive 

impacts will remain small unless the transport situation is improved. 

Though the simulation shows the effects of free trade to be small, there is always 

a concern on the part of maize surplus farmers about the competition from abroad. To 

mitigate the impact, the model employs two trade policies: quantity restriction and tariff. 

Both policies have virtually the same effects in comparison to free trade without any 

restriction. Expected prices are higher, and prices are more variable. Trans Nzoia 

farmers increase maize acreage while Uasin Gishu farmers reduce it. Despite the 

concerns of surplus maize farmers, all farmers are better off without the trade restrictions. 

Researchers have been baffled by farmers' insistence to grow maize in spite of 

much higher returns from cash crops. Many attributed that behavior at least partially to 

unreliable pajments from the marketing boards of the products. Naturally, they assumed 

that if returns from these crops became more reliable, farmers would produce more of 

them, become richer and better off. However, the results show that only large-scale 

farmers in Trans Nzoia and Uasin Gishu become better off and the others are worse off. 

Also, the policy does not entice a uniform response from farmers. Making cash crops a 

more reliable source of income does encourage farmers to specialize in one of the two 

crops and they produce less maize on the whole. However, because of it, maize prices 

rise substantially and many farmers, particularly small-scale farmers, become worse off. 

The soaring maize prices seem to be the cause for large-scale farmers in Trans Nzoia and 
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farmers in Uasin Gishu to increase acreage of maize despite the higher and more reliable 

returns from their cash crop. 

To alleviate the negative effect of much higher maize prices, the model combines 

marketing improvement of cash crops and free trade. Since the effects of free trade are 

mostly small in the simulation, the situation does not change much except in Mombasa, 

where reduction in maize price is substantial. If the world maize price is 40% lower, it 

will have more effects on e.xpected prices and welfare of farmers. Combined with better 

cash crop marketing, the lower world price reduces expected prices in Mombasa and 

Nairobi and keeps price increases moderate in the other districts. With expected prices 

only moderately higher, significant gains in expected income make most farmers better 

off Exceptions are small-scale farmers in Uasin Gishu, Kisii, and Kisumu. 

Improvement of cash crop marketing favors large-scale farmers in every district 

regardless of trade policy. 

In summar>', a price band and free trade have positive effects on farmers while 

movement control and trade restrictions have negative effects. Contrary to the popular 

belief, more reliable and higher returns from cash crops have negative effects on farmers, 

except for very large farms, unless the resulting higher maize prices are somewhat 

restrained. For any policy, the response of farmers is not uniform. Some farmers reduce 

acreage of maize, some others increase it. and the rest remain unchanged. It all depends 

on the size and district of farmers. However, improving cash crop returns does encourage 

fanners to specialize in one crop. 
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5. SUMMARY 

This agricultural policy analysis has been able to incorporate theoretically the 

following factors: farmers are produces and consumers; maize price is endogenously 

determined; prices and returns of agricultural products are stochastic; the effects of 

policies depend on the characteristics and location of farmers. All four aspects are 

important features of the Kenyan maize market. This dissertation offers also computer 

simulations as a way to analyze the effects of agricultural policies. 

When maize price increases, it is good for producers but bad for consumers. 

However, since most farmers in Kenya are both producers and consumers, the separation 

of the two in analysis does not produce a definite conclusion on the response and welfare 

of farmers. Analyzing the effects on consumers and producers separately may be a good 

approximation for urban residents (as consumers) and very large farms (as producers), but 

it is not appropriate for the majority of farmers in Kenya. The model in this dissertation 

uses a specific indirect utility function to characterize farmers as both producers and 

consumers. The function is chosen to satisfy stv'lized facts of consumer-producer 

behavior regarding a staple food. 

Numerous studies have shown that farmers respond to parameter changes such as 

price and its volatility. However, they often ignore that these parameters are themselves 

influenced by the responses of the farmers. That is, they are endogenously determined 

variables, not e.xogenous parameters. For example, when expected returns from cash 

crops rise through marketing improvement, farmers are expected to increase acreage of 
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cash crops and decrease that of maize. This line of argument ignores the point that if 

farmers start planting more cash crops, it will raise expected maize price and may make 

maize an attractive crop for some. The method introduced in this paper takes account of 

the interaction between variables and farmers' responses by solving an equilibrium model 

in which acreage of maize is the choice variable. 

Since virtually all crops grown in Kenya are rain-fed and prices in the world 

market are variable, prices and returns of crops are stochastic. In the maize market, 

volatility of maize price and returns from cash crops are thought to be the primary reasons 

why farmers do not plant more cash crops with much higher expected retums. 

Incorporating variability, however, is difficult. First, it is unclear whether or not policy 

increases variability. Second, changes in variability depend on the responses of farmers, 

which in turn depend on the changes in variability. Third, it is very hard to determine the 

effects of changes in variability on a crop choice and the welfare of farmers. The model 

uses computer simulations to account for the stochastic nature of the market. Since a 

closed-form solution does not exist for the model under uncertainty, a computer 

simulation is a useful tool. Combined with endogenous maize supply and the indirect 

utility function that satisfies many stylized facts, the computer simulations give clear 

answers to all of the three problems. 

The maize price support policies implemented by the Kenyan govenunent through 

the NCPB and input price reductions through lowering tariffs and subsidies helped mostly 

large-scale farmers. Also large-scale farmers seem to react more to maize price changes 

while small-scale subsistence farmers tend not to change their cropping pattern. 



However, studies have often failed to distinguish the differences between the two types of 

farmers. The model allows examination of the effects of size by defining large and small 

farms in each district. It also can differentiate effects among districts. 

The agricultural policies considered in the model are maize movement control, 

price band policy, improvement of cash crop marketing, and trade policies. The results of 

the computer simulations show that most policies have welfare effects consistent with 

popular thinking: free trade and a price band affect farmers positively while movement 

control and trade restrictions affect them negatively. 

Some results are opposite to conventional beliefs. More reliable and higher 

returns from cash crops make farmers worse off, except for very large farms, unless the 

resulting higher maize prices are curtailed. For any policy, the response of farmers is not 

uniform. Some farmers reduce acreage of maize, some others increase it, and the rest 

remain unchanged. It all depends on the size and district of fanners. However, 

improving cash crop returns does encourage farmers to specialize in one crop and tends to 

favor larger farms. 

When results differ from the usual expectations of economists, polices need to be 

carefully contrived. Particularly, improvement of cash crop marketing requires close 

attention. It has been assumed that it will have positive effects on the welfare of all 

farmers. However, if nothing is done to reduce the effect of higher maize price, it can 

make many farmers worse off. Moreover, it tends to favor larger farmers, which may not 

be what donors desire. 



Predicting crop mix also requires more thorough consideration. For the policies 

considered in the model, there is no uniform response. The government cannot make a 

sweeping conclusion of how fanners react to a certain policy. It all depends on the size 

and district of the farmers. 

From the results of the simulations, hands-off policies are better than imposing 

restrictions on import or private maize movement: Free trade and private transportation of 

maize must be encouraged. Although a price band policy has positive effects in theory, it 

is too costly to implement and the government has proven to be very ineffective. 

Improvement of cash crop marketing needs accompanying policies to mitigate the 

resulting higher maize price. Otherwise, it may hurt farmers, particularly small-scale 

farmers, instead of helping them. 

Inseparability of consumption and production, endogenous maize price, stochastic 

prices and returns among alternative products, and the effects of size and location are all 

important features of the maize market in Kenya. If the government and donors ignore 

these aspects, they can implement policies that may produce undesirable results. This 

dissertation provides a first step to include many important characteristics of an 

agricultural market. It also provides a framework in which many other policies and 

farmer characteristics can be evaluated by changing or adding some parameters. 
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