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ABSTRACT

PRODUCTION RISK AND INCREASED COMMERCIALIZATION OF
AGRICULTURE IN RWANDA: IMPLICATIONS FOR HOUSEHOLD LABOUR
SUPPLY AND FOOD SECURITY

Kene Ezemenari Advisor:
University of Guelph, 1993 Professor T.P. Phillips

This dissertation examines the effect of production risk on the resource allocation
and consumption decisions of rural households in Rwanda. The implications of this for
the implementation of policies designed to increase the marketed surplus of households
in the study area are examined. Two policy instruments are examined: a floor price
policy and reduction of market transaction costs which encourage subsistence production
by these households.

The study develops a framework which incorporates risk into a static model of the
agricultural household. The wedge between prices received and paid for food staples by
households is explicitly modelled in order to account for the effect of market transaction
costs. Households are categorized according to whether they are net sellers or net buyers
of food. Two measures of welfare are used to assess the impact of risk on rural
households in Rwanda: nutritional status of children in the household and the risk
premium associated with the production risks faced by these households. Labour supply
is examined as a principle means of managing the risks faced by rural households.
Specifically, the effect of risk on the labour supply decisions of males and females in the

household are examined.






Results from the production side show that there is a significant level of production
risk in the area. It also shows that households are significantly risk averse and therefore
associate a significant cost with risk. It is found that when the household’s ability to
manage risk through household labour supply and allocation is taken into account the
welfare cost associated with production risk is lower. Imposing a floor price on basic
staples increases the labour supply of women (who are primarily the producers of food
crops in Rwanda) in absolute and relative terms as compared to male labour. Risk does
not have a significant impact on household labour supply but, does have a stronger and
significant impact on female labour allocation (between farm and non-farm activities)
than it does on male labour allocation. The removal of risk increases the food
consumption of all household types. It is also found that a reduction in market
transaction costs leads to greater gains by all households in terms of household food

consumption and the nutritional status of children than a floor price policy.
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CHAPTER ONE
PRODUCTION RISK AND THE CONSUMPTION OF
AGRICULTURAL HOUSEHOLDS

1.1 Introduction

Numerous studies in the past have examined the effect of increased
commercialization on food security (Kennedy and Cogill 1987; von Braun et. al. 1991;
Bouis and Haddad 1990). The consensus is that increased commercialization leads to
increased incomes (when correctly implemented). However, it is unclear what effect
increased commercialization has on food consumption and nutritional status. There has
been much debate in the literature as to whether increased commercialization improves
or worsens food security (Dewey 1981; Flueret and Fleuret 1980). This question will
be re-examined in this study with the consideration that risk may be a major determinant
of the household’s level of commercialization.

Consideration of the effect of risk within the above context is important for several
reasons. First, rural food markets are poorly integrated within most less developed
countries. Second, this poor integration of rural markets adds to the problem of semi-
subsistent production. A low level of integration among related markets is primarily a
consequence of poor roads, ineffective marketing institutions and infrastructure, and
highly inefficient means of disseminating market information (Timmer 1983). The result
of these isolated markets is that prices are regionally determined and individual

producers’ output are highly correlated to regional output. Add to this under-developed



credit markets and poor storage facilities, and the result is that production risks arising
from weather shocks and pests have a direct impact on consumption, so that, household
production decisions depend on household consumption decisions. This leads to wider
swings within a region of food availability over time and wider differences in distribution
across regions.  The resulting high transaction costs arising out of these poorly
integrated markets cause the persistence of semi-subsistent farming (Goetz 1992). This
leads to low food availability and therefore a low level of food security and nutritional
status.

Those studies which have explored the linkages between | increased
commercialization, and food consumption and nutritional status have not explicitly
incorporated risk into the analysis. In addition, most studies dealing with risk and food
insecurity have assumed separability between consumption and production decisions and
therefore have concentrated strictly on the production effects of risk without examining
the effect on consumption. This gap in the literature provides the rationale for the
current study.

This study will examine the effect of production risk on consumption and the
implications for increased commercialization as a means of improving the food security
of agricultural households in Rwanda. In the process, the effect of risk on the resource

allocation decisions of the agricultural household will be examined.



1.2 The need to Incorporate Consumption and Production Decisions in a Common
Framework

In modelling the decision process of the agricultural household in developing
countries, a framework is needed which explicitly takes into account the semi-subsistent
nature of these households. This semi-subsistent nature is characterized by the tendency
of these households to consume most of what they produce and that their decision of how
much to produce may also depend on their consumption requirements.

Past studies which have examined the issue of agricultural risk and its relationship
to food insecurity depended primarily on safety-first decision criteria and lexicographic
preferences. Programming models are used in modelling these decision criteria which
are comprised of maximax and minimax decision rules. The maximax decision rule
considers only the most favourable outcome of each action choice while ignoring all other
possibilities. Whereas, the minimax rule orders action choices on the basis of only the
least favourable outcome of each possible choice (Fleisher and Robison). The safety-first
framework is used to analyze production decisions given the probability of occurence of
some critical consumption level. This critical consumption level is usually arbitrarily
chosen. Therefore, this framework does not allow one to model the simultaneous

determination of production and consumption decisions by the agricultural household.



1.3 The Conceptual Framework

The conceptual framework for the current study will be based on that outlined by
Pinstrup-Andersen (1981 and 1985). Within this framework, commercialization affects
food consumption and nutritional status (at the household level) through its effect on food
availability and intra-household food distribution." Food availability at the household
level is determined by the household’s ability and desire to acquire food. The ability to
acquire food depends on the purchasing power of the household (Sen 1981) and on its
ability to grow its own food. If food prices are higher than the imputed price for own
production due to marketing costs (or underdeveloped markets) then expansion of cash
crop production may erode real incomes and lower food consumption. The household’s
ability to grow its own food will depend on its access to factors of production such as
labour, land, credit, improved inputs and fertilizer. Increased commercialization may
lead to competition between food versus cash crops for the factors of production.
Resources may be diverted away from food to cash crop production and this may
increase the household’s exposure to market risk because of increased participation in the
market and yield risk because of less diversification in crops and plots.

A household’s desire to acquire food depends on: intra-household income and

budget-control?; income source and composition; access to goods other than staple foods;

Pinstrup-Andersen outlines the process through which
commercialization affects intra-household food distribution.

Studies by Kumar (1978) and Guyer (1980) show that the
marginal propensity to consume food out of income may differ
according to gender and source of income.
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time constraints on individuals within the household; and the level of nutritional
knowledge of the person responsible for food preparation.

Risk will be incorporated into this framework by examining its effect on the
household’s ability and desire to acquire food. In considering the household’s ability to
acquire food this study will concentrate on the effect of yield and output price risk on
production and income and how this translates to food consumption levels, and nutritional
status of the household. In the presence of underdeveloped insurance markets, the semi-
subsistent nature of the agricultural household implies a higher interdependence between
production and consumption decisions (Singh, Squire and Strauss). Production risk
would be expected to have a more profound effect on the allocation of resources to
production and on consumption decisions. This is because, in the presence of risk, with
underdeveloped credit markets, households concerned with food security will take into
account consumption requirements in making production decisions (Singh, Squire and
Strauss 1986).

In order to mitigate the effect of production risk on consumption, households must
rely more heavily on other means at their disposal (given underdeveloped insurance
markets) for managing risk. Alderman and Paxson (1992) divide these strategies into
two categories: risk management and risk coping strategies. Risk management strategies
are strategies that anticipate the effects of risk (ex ante meausres) and try to prevent it.
Risk coping strategies are those that are used (ex post measures) after the damage or loss
has occured. Among risk management strategies which reduce the variability of income

are: the use of risk reducing inputs, crop/plot diversification, allocation of family labour



to off-farm occupations, and migration of family members. Risk coping strateties, which
are strategies used to smooth consumption involve: saving/dissaving (credit and storage)
which spread the effects of risk forward through time and risk sharing in the form of
crop insurance, futures and forward contracts, share tenancy, and labour contracts which
spread risk across households at a point in time. In addition to these strategies one could
also add the exploitation of the correlation between prices and production by net seller
households (as mentioned above).

The effect of risk on the desire to acquire food will be explored through its effect
on the labour allocation and supply of males and females and their relative productivity
under production risk. Particular attention will be paid to women’s labour supply and
allocation decisions which is important in the Rwandan situation. Women hold the major
responsibility for food production and preparation. Their labour decisions will affect
food consumption through its effect on income (Popkin 1980). Food consumption levels
and the time women have available for nurturing activities will then impact on nutritional
status.

The means used By the household to mitigate the effects of risk will affect the
degree to which production risk affects consumption for different household types. In
addition, the level of risk and risk attitudes will affect the degree to which risk affects
the household’s allocation decisions and therefore consumption (food security) and
nutritional status. The level of risk will add to the level of transaction costs faced by the
agricultural household in the presence of underdeveloped insurance markets. The pattern

of risk attitudes will have implications for the level of food security. For example, a



pattern of decreasing risk aversion with respect to wealth means that for the same level
of risk, households with low income face higher risk premiums. Therefore, uninsured
income (or lack of access to credit facilities) leads to increased income inequality and
therefore adverse consequences for food security especially for the poorest households.
This means that policies whose goal is to encourage improved incomes particularly for
the poor, through commercialization and technological change should consider these
intervening factors in order to ensure proper targeting and thereby circumvent any

potential unintentional effects.

1.4 Research Objectives and Outline

In the past, the government of Rwanda has attempted to encourage increased
comercialization through a floor price policy. There have been several problems
associated with the implementation of this policy. First, there is the problem of
targetting. The government, in implementing this policy, assumed that all agricultrual
households were net sellers of food products. However, the majority of agricultural
households in Rwanda are net buyers of food products. Therefore, a floor price policy
only serves to exacerbate the semi-subsistent pattern of production (Loveridge 1988).
Net buyer households are forced to rely more on their own production to maintain
household consumption levels. This constrains the level of market demand and as a
result, the level of marketed surplus that could be achieved by net seller households.

The existence of production risk exacerbates this situation, particularly for net buyer



households, who are forced to rely more on the market when production is low. The

result is a lower price response by these semi-subsistent households.

Analysis of the way in which production risk may affect household consumption,
nutritional status, and resource allocation will shed more light on ways households may
be aided in improving and maintaining their level of food security. The study will be
conducted within a static framework which explicitly models the production and
consumption decisions of households in Rwanda. Two major questions will guide the
research:

1)  What is the extent and nature of agricultural risks faced by agricultural households
in the study area?

2)  What is the impact of the existence of this risk on consumption and nutrition
decisions in the household? In particular, does risk alter the time allocation
decision of women and what is the implication of this for women’s value of time
and therefore nutritional status of children in the household?

In order to address the research questions it will first be necessary to categorize
households according to their market orientation. The level of production risk faced by
agricultural households in Rwanda and the attitudes of these households towards this risk
will be examined. The terms technological change, risk and commercialization will be
defined and measured as follows: Technological change in the Giciye commune of
Rwanda involves single crop potato production ;vith modern inputs as opposed to potato
production with traditional inputs. The econometric methodology outlined by Antle

(1987;1983) will be used in deriving an objective measure of production risk and the risk



attitudes of these households. Commercialization refers to an increased integration of
the household into the rural market economy. This integration can occur through inputs
to farming, increased sales from output from farming and increased income from non-
agricultural sources. von Braun, de Haen and Blanken (1991) define measures that
capture these aspects of commercialization which will be used in the current study.
Concept 1, measures the extent to which farm households consume out of aggregate
agricultural production. It is defined as the ratio of non-marketed produce to the total
value of production. Concept 2, measures subsistence orientation out of consumption.
It is the ratio of the value of goods consumed out of home production relative to total
consumption value of the household. The last measure to be used in the current study
is based on the conceptual framework from which concepts 1 and 2 of von Braun, de
Haen and Blanken are based. This is a measure of subsistence orientation from the input
side and may also be interpreted as a measure of the degree of dispersion of modemn
production techniques. This measure is defined as the ratio of the value of home
produced variable inputs to production to the total value of variable inputs.

This study will attempt to increase understanding of the interaction of variables
which determine food insecurity and also suggest further indicators and targeting
mechanisms of food insecurity which are based on how risk effects the household’s
decision process. These indicators would be useful not only in predicting households
which are likely to become food insecure in the future, but also in improved
implemention of commercialization policies. The study will proceed as follows: Chapter

2 will provide a brief over view of the study ares, Chapter 3 will review the current



literature on risk preference estimation. Chapter 4 will outline the theoretical model to
be used in the analysis. Chapter 5 will outline the empirical model in terms of the
econometric models estimated and the methdology used in generating the simulation
results. Chapter 6 will describe the data source and the econometric results. Chapter
7 will discuss the simulation results and policy implications. Finally, Chapter 8 will

summarize the results and outline areas for future study.
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CHAPTER TWO
OVERVIEW OF THE STUDY AREA

2.1 Background

Rwanda is a land locked country located in the east central part of Africa. With
a population density of 254 per square kilometer, it is one of the most densely populated
countries in Africa (Scott 1988). As of 1988, 7% of its 6.76 million inhabitants resided
in the urban areas. Agriculture represents 40% of GDP and employs 90% of the
population.

International trade is limited because of transportation costs (von Braun et.al.
1991). Official exports represent 8 - 9% of GNP with the major export crop coffee
comprising 75% - 85%, and tea the next major export crop 10%-15%. Food comprises
less than 10% of exports. Official imports are made up mainly of consumer goods, fuel,
lubricants, equipment, and raw materials. Informal trade with neighbouring countries
consists of palm oil, beans, and coffee, on the import side, consumer goods, and white
potatoes on the export side (Loveridge 1988; Ngirumwami 1992).

Within Rwanda, regional trade is limited by high transaction costs and transport
costs that are high relative to product prices (Loveridge 1988:119-120). The result is
that agricultural households must rely on their own production in order to ensure a steady
source of food. The degree and pattern of consumption from home production is tied to
the seasonality of production and production risks faced by the household. Loverdige

(1988:99) states that in times of high yields these households consume more from home
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production, and in times of poor yields consume less from home production. Therefore,
when rural supply is high (demand is low) and vice versa. A small negative shock to
aggregate production may translate to a large reduction in marketed supply for a given
agricultural household and an increase in demand, thus leading to a low level of food
availability. Inadequate storage facilities also contribute to the problem of low food
availability. Storage is highly risky in Rwanda. Variation in prices in peak periods is
quite large from year to year and few merchants engage in interseasonal storage of food
crops (Loveridge 1988:95). These problems contribute to an increase in the level of food
insecurity especially for the poorest households. A recent example has been the regional
outbreaks of v?eather induced famine in 1989-90 which has contributed to the declining
trend in production (Minot 1992). The declining trend has been driven by increasing
population pressure on limited resources coupled with farming systems which have not
adapted to the higher population density.

The Rwandan farming system is a traditional one that is characterized by
smallholders and rainfed irrigation geared toward semi-subsistent production. The
majority of farmers have limited land and financial resources. Their ability to purchase
more of the most important inputs (labour and seed) is therefore limited (Scott 1988).
Also, for tuber crops, such as potatoes, disease and shortage of quality seeds are a major
constraint to produciton. In addition, increased population pressure causes a decrease
in the fallow period and an increased cropping of marginal land and deforestation. In
a national survey conducted by Loveridge (1988:45), Rwandan farmers ranked soil

fertility and land area as the most important constraints. Labour constraints and
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inadequate rain were ranked as the next most important constraints to production. The
farmers’ ranking of constraints to production also varied by region within the country.
In Gisenyi prefecture (the site of the current study) where population density is higher
than in other areas of the country, land was cited as the major constraint to production.
Whereas, in Kibungo, a relatively sparsely populated area labour was the major
constraint. Given the farming system, constraints to production and production risks
faced by agricultural households, the government has chosen price policy as the main

instrument to stimulate production for market and improve food security.

2.2 Rwandan Food Policy

The government’s main objective has been to increase food self-sufficiency and
improve rural income. In the past, Rwanda has been able to maintain its growth rate in
total food supply by expanding total cultivated area. However, in recent years the
population growth rate appears to be outstripping the rate of increase in the food supply
as the area cultivated in the country quickly reaches its capacity. Average farm size has
fallen to the point that over half of the more than one million agricultural households in
Rwanda cultivate less than one hectare (Loveridge:8; Dialogue 1986).

Before 1986, the government operated under an indicative pricing scheme. The
government established optimal price levels and tried to move the market towards these
“targets" through market operations of the parastatal OPROVIA (Office National pour
le Developpement et la Commercialisation des Produits Vivriers et des Produits

Animaux). The purpose of the government set "target" price levels was to provide a
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reference point from which farmers could bargain with merchants, thereby discouraging
excessive profits to merchants. However, this indicative pricing did little to raise prices
received by the producers (Loveridge:8; Dialogue).

Since 1986, the policy instrument the government has used in an attempt to
stimulate production and increase incomes in the rural areas has been floor prices for
important crops such as beans, sorghum, potatoes, and maize. However, this instrument
has been ineffective in maintaining producer prices at or above the official price for
several reasons: an inappropriate method of determining producer prices; the
government instrument used in enforcing prices (OPROVIA) is too weak; and unintended
adverse effects on the pattern of income distribution’. A significant proportion of
agricultural households are net buyers of some of the above major food crops. If the
floor price policy had been effective, it would have led to adverse effects for those
households that fluctuate between self-sufficiency and buying from the market when
production is low (marginal buyers), and those households that are net purchasers of food
stuff (permanent buyer;). These households would have been forced to become more
self-sufficient and yet they have less access to productive assets and land.

Revision of the floor price policy in 1988 has been effective in maintaining
producer prices above official levels. However, the impact of this policy on food
security in the rural areas is expected to be bleak. A government policy of minimum

price for food crops would benefit the seller households and not the buyer households

See Loveridge (1988:143-151) and Dialogue (1986:58-64) for
an indepth discussion of these factors which has led to
ineffective price fixing by the Rwandan government.
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who would tend to be more susceptible to food insecurity. Aggregate food availability
remains low because prices are high which causes buyer households to become relatively
more self-sufficient. This leads to low aggregate demand and low marketed surplus by
seller households. The low elasticity of aggregate supply for food crops in Rwanda
reported in Minot (1992:228) supports this.> Floor prices also have implications for
women’s labour supply. In Rwanda, women are primarily responsible for the cultivation
of the major food staples. Floor prices may lead to increased labour supply for women
(particularly for the buyer households). This would have implications for household food
security and nutritional status which will be explored in later chapters.

Production risk in the area is caused by pests, disease, and weather. In addition,
inability of households to hire enough labour during the peak season to take advantage
of favourable weather conditions may also exacerbate the level of production risk
(Franzel et.al.). This production risk would translate into consumption risk depending
on the degree of subsistence of the agricultural household (de Janvry and Sadoulet).
From the above discussion it can be seen that floor prices would increase the degree of
subsistence of buyer households thereby making them more susceptible to consumption
risk. The degree to which this occurs depends on the household’s ability to diversify the
consumption risk (arising out of production or income risk) it faces. In LDCs
households have various ways of smoothing their consumption in the face of the

production the risks that they face. Among these are: alternate income sources, savings

Minot reports supply elasticity estimated from other sources
that range from .396 for white potatoes (which is a
commercial food crop in Rwanda) to .094 for beans.
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and dissavings, storage of food, crop and plot diversification and risk sharing. Off-farm
labour supply is particularly important in smoothing consumption risk in Rwanda. Given
the riskiness of production, at the margin, a household faced with an equivalent return
to labour between farm and off-farm labour will choose to work off-farm because the
wage rate is less uncertain. Since most households in Rwanda, cultivate less than 1
hectare their strategy has been to : 1) produce primarily for home consumption; and 2)
look for part-time work off-farm to complement their farm income (GTZ:20).

The above discussion may explain why farmers in Rwanda continue to grow food
crops despite higher returns to capital and labour of growing cash crops (von Braun and
Kennedy 1986). In the commune of Giciye, situated in the northwestern part of Rwanda,
an average of two-thirds of agricultural production is consumed on the farm (von Braun
et. al. 1991). The result is that the full gains from specialization and trade are not
realized. Low incomes continue to persist because of subsistence farming as a response
to risk in the face of increasing envimomental stress and underdeveloped markets. Thus,
if government’s goal is to promote commercialization as a means of improving food
security it is important'to understand how the households’ consumption decisions are
affected by risk. This understanding would lead to the identification of policy
instruments and targetting mechanisms that will ensure food security while promoting

increases in incomes through commercialization and technological adoption.
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2.3 Main Characteristics of Giciye Commune

The data for the current research was collected from Giciye commune which is
located in the Gisenyi prefecture (district) in the northwestern part of Rwanda. Giciye
is one of 143 communes of Rwanda. A commune is defined as the lowest governmental
and administrative unit, with a bourgmestre as the official government representative.
The commune is further divided into secteurs which are divided into cellules. A cellule
consists of roughly 100 families. The total area of Giciye commune is 185 square
kilometers with 120 suitable for agricultural production. The remainder is part of the
Gishwati forest. In 1984, the population of Giciye commune was estimated at 52,236
persons with a growth rate of 4% (Csete 1989).

The area belongs to the agroecological zone of the Central Zaire-Nile Divide. It
is characterized by high altitudes (more than 2,000 meters), low average annual
temperature (15 degree celcius), with an average annual precipitation of 1,300
millimeters which follows a bimodal pattern. In the study area, the altitude varies from
1,500 to 3,000 meters with most of the area at 2,000 meters. There are four climatic
seasons: a long rainy season from mid-February to late May; a long dry season from the
end of May to mid-September; a short rainy season from mid-September to early or mid-
December; and a short dry season until mid-February. The zone has very steep slopes

of 30-40 degrees which cause severe soil erosion.
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2.3.1 Crop Calendar

The agricultural calendar in the region is summarized for the major subsistent crops
in Table 2.1. Sweet potatos are harvested continually through the season in the high
altitude areas. They may be stored in the ground and harvested as required by the
household (Loveridge 1988; Csete 1989). In the swamp areas sweet potatoes are
cultivated during the long dry season of June-August. Peas, beans and white potatoes
are harvested twice a year (once in February and another harvest mid July to September).
Sorghum and maize are harvested once at the beginning of the calendar year. The area
is characterized by extensive intercropping. Maize or sorghum may be intercropped with

potatoes, beahs and peas.

2.3.2 Local Food Markets

Only one main road crosses the commune of Giciye and leads to the inter-regional
market - Mukamira. Giciye commune has three markets of various size and importance
which take place twice a week at : Gasiza, Jomba, and Vunga. Kabaya is another
important market place situated at the border of Giciye and Gaseke. Jomba and Gasiza
are classified as relatively small local markets comprised mainly of farmers themselves
as sellers and buyers. Kabaya and Vunga are classified as markets of medium to high
importance in the interregional exchange of agricultural produce. Kabaya, Gasiza and
Mukamira have markets two days a week on different days. Most foodstuffs are

transported to market in baskets on the heads of farm family members. A small
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percentage of goods is brought to market on pick-up trucks owned by private merchants
(Csete 1989).

The important commercial food crop in the area is white potatoes cultivated with
improved inputs in the Gishwati potato scheme located in the Gishwati Forest (see Figure
2.1). The Gishwati Forest project was designed to tear down the remaining natural forest
in order to plant more commercial varieties of trees and open up the remaining for
organized grazing. In 1981-82, the project began to allow farmers to grow only white
potatoes in the region. The development of new varieties by the national potato
program (PNAP) in 1984 with the assistance of the International Potato Center boosted
the marketed surplus of white potatoes in the region. The new varieties were of a shorter
vegetative cycle and allowed farmers three harvests a year of potatoes. The pattern of
nearly continuous harvests from the expanded region of cultivation in the forest
encouraged larger-scale merchants to begin sending trucks to the forest on a daily basis
for transport of potatoes to Mukamira and other market centers (Csete 1989).

The degree of production risk may be discerned from the movement of prices since
production and price levels are highly negatively correlated (Loveridge; Damez 1986:36).
Figure 2.2 shows the seasonality in price for the major staples in the area for Mukamira
and Gasiza. Beans and maize show relatively less price movement than potato, sorghum
and sweet potatoes. The price movements for Mukamira show that potatoes have a high
degree of price variation or market risk. Beans display the least price variation. The
implications of this risk for different households will be examined in the chapters to

follow.
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Table 2.2 summarizes certain socio-economic variables by household type for the
survey sample. The table shows that there are differences between these households in
terms of access to factors of production and food availability in the household. There
is also a difference in the hours worked by women in the different households. Women
appear to work hardest among the marginal buyer households. These households are the
most subsistence orientated and do not perform very well in meeting average daily
household food requirements. In addition, the high level of female labour supply may
have adverse consequences for nutritional status of children in these households. Net
seller households do the best in terms of meeting daily requirements. These households
are also quite .highly subsistence orientated but have more access to productive factors.
Households which switch from buying one period to selling the next period (buyer/seller
households) perform relatively better than buyer and marginal seller households in terms
of meeting their daily requirements. These households appear to behave as speculators

that buy when prices are low in order to sell when prices are high (Damez: 35).

2.4 Summary

This chapter has provided an overview of the key factors in the study area which
is characterized by significant level of production risk and isolated rural markets with low
food availability. Production risk affects the different household types depending on their
level of subsistence orientation and their ability to smooth their consumption. The

remaining chapters will examine this process in detail.

20



Figure 2.1: Map of Giciye Commune in the Prefecture of Gisenyi
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Table 2.1: Crop Calendar for the Major Food Staples in Giciye
(Medium and High Altitude)
Crop/Month Janua Febru March April May June July August Septem October Novemb Decemb
Potato L 11 ] ] [ 1} [ 11 ] ] EEEE EEER L 11 ]| ] ] EEEn [ 1 1]
Peas L 1 1] ] ]| mEEEn EEEN L 1 1 1] L 1 1 1} ] | L 1 11 EEEn
Sweet Potato
" Single Stand (11 ] ] [ 11 ] ] EEEE L 11 ]| [ 1] ] ] [ 1] ] ] L 11 ] ] aEEEn (11 ] | [ 111} 1111 L 11 1]
Ir Mixed L 1 1 1] EEEE aEEEn EEEn EEEn W
" Maize [ 1 1] ] EEEE (1 1 1] EEEn [ 1 1]} aEEEn L 11 1] mEEEn
II Sorghum EEEn EEER ] | EEEE L 111 L 11 1] L 11 ] ] [ 1 1]} L 111}
“ Cassava EEEE aEEn [ 1 1] ] mEEE (11 ]| L 1 1 1| mEEn [ 1 1] ] EEEn EEEnm ( 1111 mEEm |
IrBoans L] S | suEw | suEn | EmEw SEEN | ENES | BEES ||
" Wheat L 1 1] ] L 1 1] ] 1 1] ] L 11 1] L 11 1] L 11 ] ] 1] ] ] II

Note:The cultivation period Is represented by Hll, which refers to one quarter of the month or one week.



Table 2.2: Summary of Socio-economic Variables by Household Types

Net Marginal Net seller | Marginal Buyer/

buyer buyer seller seller
Percentage (out of 200
households) 44 1" 13 8 24
Ave. Size of Household | 5.72 4.76 5.88 4.87 5.75
(capita)
Total Land Area (ha.) .58 .85 1.04 .85 a7
Man-Land Ratio 13.3 9.43 8.82 9.37 9.98
Subsistence’
orientation in income 46.04 82.67 65.23 59.05 51.01
Dependency Ratio 38.31 30.15 35.02 26.8 38.32
Calories
Available/adult 2296 2282 2600 2127 2472
equivalent/day
Percentage of
Households meeting 46 44 54 47 54
80% of calorie
requirements
Hours/day spent by
Women on*:
Income generating 5.74 7.13 7.18 6.98 5.64
work
Non-income generating | 3.92 4.44 2.79 3.21 4.24
work
Per capita Expenditure
(FRw/capita) 2843 3212 3532 3494 2870

——— m—— — —_——

This definition is the proportion of subsistence production
out of total total income for the household. Dependency
Ratio refers to the proportion of children (less than 14
years) in the household.

Income generating work involves: farm work and off-farm
Tabour. Non-income-generating work involves: housework,
fetching water, wood etc.
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Figure 2.2A: Seasonal Variation in Staple Food Prices
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Figure 2.2B: Seasonal Variation in Staple Food Prices
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CHAPTER THREE
RISK, RISK ATTITUDES, AND AGRICULTURAL
HOUSEHOLDS

3.1 Introduction

The objective of this chapter is to summarize the implications of production risks
for the food security of semi-subsistent households. This will be done by summarizing
past studies which have attempted to analyze the problem of risks faced by agricultural
households and the implications for household food security. The studies summarized
highlight three key factors that determine how risk affects household food security.
These factors are: the degree of risk faced by the household, the risk attitude of the
household and how this varies with changes in wealth, and most importantly the
household’s ability to smooth its consumption or diversify the income risks it faces. In
the process of reviewing these studies methodological issues arise concerning the cross-
sectional measurement of risk, risk aversion and demand analysis.

The chapter begins by first reviewing the basic theory of risk, risk attitudes and
their measurement. Afterwards, some empirical studies will be reviewed along with

papers that have attempted to incorporate risk into an agricultural household framework.
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3.2 Measuring Risk
3.21 Theoretical issues

Robison and Barry (1987) define risky events as uncertain events to which past
empirical data allows one to assign probabilities of occurence (objective) or to which
agents involved in decision making are able to assign their belief as to likely probabilities
of occurence based on information available to them (subjective). Based on this
definition of risk, a natural measure of risk which is found in the literature involves some
satistical measure of variability or some estimate of a probability density funciton.
However, two important theoretical issues arise in measuring risk: 1) How does one
measure increases in risk?; 2) does an increase in risk imply reduced welfare? The
natural measure of an increase in risk of a variable would be to increase the degree of
dispersion/variance keeping the mean constant. However, Rothschild and Stiglitz (1970
and 1971) show that it may not always be the case that a decrease in the variance of a
variable keeping the mean of the distribution constant (mean preserving spread) will lead
to increased expected utility. This condition can only hold if the probability density
function of the variable is fully represented by the mean and variance (as in the normal
distribution); or if the utility function is concave with respect to wealth (Newberry and
Stiglitz 1981; Rothschild and Stiglitz 1971). Concavity of the utility function implies risk
aversion while convexity implies risk loving attitudes. Thus, the second condition
involves solving the problem of ranking distributions for risk-averse agents. As Figure
3.1 shows, a mean preserving increase in the varaince of profit implies a decline in the

expected value of a concave utility function; and an increase in expected utility of a
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convex utility function. Rothschild and Stiglitz (1970 and 1971) use this result to proove
that a full ordering of risky alternatives can be achieved through a mean preserving

spread.

322 Empirical Measures of Risk

In the literature measures of production and income risk involve measures of the
variability of the random variable over time. This measure is simple to estimate with
aggregate time-series data. However, in the case of cross-sectional data or panel data
with short time series it is not as clear how one should derive a measure of risk. This
problem has been tackled in various ways in the literature. One way has been the
inclusion of experimental data and cross sectional data used by Roumasset (1976).
Roumasset also used experimental data to measure yield risk. Risk was measured from
the probability density function of rice yields for various levels of nitrogen and solar
radiation. However, he notes that using experimental data to model actual behaviour
may pose certain problems (Roumasset 1976:119). The sources of variation in controlled
experiments are quite different from those on farmers’ fields. Therefore experimental
data does not represent actual conditions on farmers’ fields and may not always explain
actual behaviour. In addition, controlled measures are used to deliberately reduce
variation in yield estimates. These measures have limited generality for the farm level.

In order to address these problems, Roumasset combines expermimental data with
a cross-section of actual farm data. The production function estimated from experimental

data is used as the risk-free production level. Actual farm data are used to estimate the
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probability of damage across all farms. These two estimations are then used to derive
the expected production function for a given state of the world. This method is highly
data demanding and abstracts from the actual decision process of farmers in that
deviations from the mean is based on some ’abstract ideal’ of average or expected yield
for the household.

Another method employed in the literature is the 'permanent income’ method
examples of which include Wolpin (1982), Ram (1992) and Bhalla (1979). These studies
use the instrumental variable technique to estimate income risk which is then used in
testing the permanent income hypothesis. Among examples of instruments used by this
method are: age, schooling, education, family size, variables on rainfall and agroclimatic
conditions, seasonal and regional dummies. The predicted value from this instrumental
variable regression is used as an estimate for permanent income. The residual from the
actual income level and the predicted value provides a measure of income risk. In the
Wolpin case in particular, the use of historical weather data to instrument income is
intuitively appealing since it was applied to agricultural households in India. However,
the above techniques abstract from the household production technology which would be
an important influence in the income stream of the agricultural household.!

Finally, the methodology developed by Just and Pope (1978) which was extended
by Antle is based on the time-series and cross-‘sectional variation in production. Antle

used a flexible moment based approach to estimate the higher moments of production in

See also the review by Alderman and Paxson which cite
studies that have used exogenous shocks (such as the amount
of rainfall) to predict production risk. This measure was
not available for the current study.
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a manner which does not restrict input decisions in terms of how the higher moments are
affected. This methodology is employed in the current study. First, because only data
on actual farms as opposed to experimental data is available for the study area. Second,
unlike Just and Pope, Antle’s methodology does not restrict the effect inputs may have
on the higher moments of production. Therefore, these effects can be estimated from
observed behaviour where deviations from the mean for each household is relative to its
own expected production level and household characteristics. One criticism of the Antle
approach is that it makes use of the heteroscedascity present in production across
households. The problem here is that heteroscedascitiy is usually assumed to depict
specification error. The Antle approach makes use of this heteroscedasticity. However,
there is no means for determining whether the heteroscedasticity is due to specification
error or differences across households arising from the variation in household
characteristics. The current study circumvents this problem, as does Antle, by specifing
a functional form which may be interpreted as a Taylor series expansion of inputs about
the observed level of output. The current study makes use of the Antle methodology
assuming that it represents a Taylor series expansion about the mean level of production
(as assumed by Antle). Aside from the above criticism, the method is statistically sound
and allows one to use short panel series (Taylor 1984). In addition, the method can be

easily extended to incorporate higher moments.>

Day (1965) used experimental data generated over time with
the method of moments to estimate yield risk. In this study
Day found that probability density functions which involved
the third and fourth moments of production better described
the production process. He concluded that ideally, risk
measures should be based on higher order information about
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3.3 Estimation of Risk Attitudes

There are basically two methods of empirical estimation of risk attitudes that are
identified in the literature. Following Newberry and Stiglitz (1981), these will be called
the direct and indirect approaches and are defined below. This section will proceed first

by briefly outlining the theory behind risk attitude estimation.

3.3.1 The Theoretical Representation of Risk Attitudes

Risk attitude estimation is based on the shape of the utility function and on the
expected payoff of a given gamble. For instance, given any two levels of income
denoted x and y with equal probability of occuring p, the expected value of the gamble
may be defined as M = px+(1-p)y. Also, given a utility function u the expected utility
from this gamble may be defined as pu(x)+(1-p)u(y). If the consumer whose preferences
are represented by this utility function prefers the utility from the certain income M to
the gamble then this consumer exhibits risk averse behaviour. In this case a chord drawn
between any two points on the utility function is below the utility function (top diagram
of Figure 3.1). This defines concavity of the utility function. On the other hand, if the
consumer is indifferent between utility from the certain income M and the gamble then
the individual is risk neutral. Similarly, if the consumer prefers the gamble to utility
from the certain outcome (M) then the consumer exhibits risk loving behaviour. In this
case a chord drawn between any two points on‘ the utility function is above the utility

function (bottom diagram of Figure 3.1). A utility function exhibiting this property is

the probability density function than is contained in
estimates of the variance alone.
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defined as convex. Therefore, the more concave a utility function the more risk averse
the individual whose preferences are described by the particular utility function (Varian
1984; Robison and Barry 1987).

The second derivative of the utility function can therefore be taken as a measure
of the degree of risk aversion. However, this measure is not invariant to changes in the
expected utility function. This was the motivation for the absolute and relative measures
of risk aversion developed by Arrow and Pratt. The Arrow-Pratt absolute measure of
risk aversion is r,(y)=-u’’(y)/u’(y) and the relative measure is ry(y) =
y{-u”(y)/u’(y)}, where y is the level of wealth, and u’’, u’ are respectively the second
and first derivatives of the utility function with respect to wealth. Unlike the absolute
measure of risk aversion, the relative measure is also invariant to the level of wealth at
which it is estimated. An alternative measure of risk aversion is the partial relative risk
aversion parameter r,(y,d)=-d{u’’(y+d)/u’(y+d)}, where d is a measure of dispersion
of the distribution of wealth. This measure has the advantage over the Arrow-Pratt
measure of allowing the risk associated with a given level of wealth to change while the
level of wealth remains constant (Zeckhauser and Keeler 1970; Fleisher and Robison
1985).

Another measure of risk aversion is the risk premium assoicated with a gamble.
The certainty equivalent associated with a given gamble is defined as that level of income

that yields the same level of utility as the gamble. The cost of risk or the risk premium
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arises therefore, as the difference between the expected payoff of the gamble (M) and the
certainty equivalent income (Robison and Berry 1987:4)°.

Finally, Karni (1979) defines a measure of risk aversion that depends on an indirect
utility function which has more than one random variable as its arguement. Karni
defines a von Neuman-Morgenstern utility function u(y,c) where ¢ is a vector of
attributes that affect utility from a given income level and are also subject to uncertainty.
Examples of the elements that might make up c are: prices of goods, health, future
income streams, any externalities, and non-price attributes such as the time endowment
of the household. This utility function is ’state contingent’ in the sense that the level of
utility depends on the level of the other attributes of utility. The risk aversion parameter

. [_u_
u,

is then defined as the matrix with elements r; . This is a more realistic

measure of risk aversion since it explicitly incorporates the effects of price and income
risk. Finkelshtain points out that this measure of risk aversion is particularly relevant
for the agricultural household. For the agricultural household that also consumes part
of what it produces, one would expect to have a measure of risk aversion which is based
on an indirect utility function which has prices as well as income as arguments. The
explanation for this follows from the usual measure of risk aversion which is derived
from the indirect utility function assuming prices are constant. If consumption and

production decisions are not interdependent one can make this simplifying assumption

See also Finkelshtain (1990:15) for a definition of the risk
premium within the context of multivariate risk.
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without any strong biases. This could be the case in developed economies where risk
markets are sufficiently developed. However, in the case of agricultural households
within a developing country context, it is a better approximation of reality to use a
measure of risk aversion which also allows prices to vary.

In the case of multi-variate risk, concavity of the utility function is not enough to
ensure that the risk premium is positive for this measure of risk aversion. In addition,
to concavity of the utility function one of two other conditions must hold in order to
ensure a positive risk premium: either the marginal utility of income must be constant
as the elements in the vector ¢ change; or the risky elements in ¢ must be independent
of income (Finkelshtain 1990:18-20).

Sandmo (1971) showed that for the competitive firm, concavity of the utility
function is enough to ensure a positive risk premium. As a result, output under price
uncertainty will be less than under certainty. However, Finkelshtain and Chalfant (1991)
show that this may not necessarily be the case for the semi-subsistent household which
experiences multi-variate risk. As stated above, with multi-variate risk, the sign of the
risk premium is ambiguous. Therefore, the level of output under price uncertainty may
be less, equal, or more than the level of output under certainty for the semi-subsistent
household.*

The above measures are based on the shape of the utility function. There are

studies which argue that risk aversion may be induced through market imperfections.

This is intuitively appealing for the agricultural household
because under certain conditions (discussed in Finkelshtain
and Chalfant) and that will be elaborated on later the

household may produce more under uncertainty than certainty.
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Masson (1972) and Roumasset (1979) state that risk aversion may arise not only as a
result of the shape of the utility function but also as a result of market imperfections.
Just (1975) gives an example of this where market distortion arises from risk in the
presence of underdeveloped insurance markets. Unlike the Sandmo case, risk neutrality
is not enough to ensure that price is equated with marginal cost. These studies imply that
all deviations of price from marginal cost is a consequence of risk. Other binding
constraints that may give rise to this same result are not considered.

The existence of risk is a cost in that it distorts market cost curves and therefore
affects welfare. The above papers appear to equate the shadow cost of risk with risk
preferences as derived from the shape of the utility function. Thus, there is a need to
distinguish between risk aversion arising from inherent preferences in the utility function
and firm behaviour which is a reflection of market imperfections. In the empirical
estimation of risk attitudes, marketing and transaction costs should be viewed as either
fixed costs or variable costs and thus should not bias risk attitude estimation. The
problem in this instanc¢ arises because of market imperfections or binding constraints®
that give rise to additional costs not accounted for in observed prices which affect
welfare.

Moscardi and de Janvry (1977) try to handle this problem by screening data for
any binding constraints so that only those inputs which are traded freely in the market
are used in risk attitude estimation. Altemativel\y Antle suggests that the objective to be

optimized by the household should be correctly specified to include any binding

g These binding constraints may include: imperfect credit and

labour markets, and liquidity constraints (see Mason 1972).
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constraints. As a result, estimated risk attitude parameters should be actual measures of
the pure risk effect as opposed to measures which include both the risk effect and the

effect of other market imperfections (Antle 1987 and 1989).

3.3.2 The Empirical Representation of Risk Attitudes

In the literature, measures of risk aversion have been based on the Arrow-Pratt
measures of absolute and relative risk averison and on Zeckhauser and Keeler’s measure
of partial relative risk aversion. There are two basic approaches in the literature to the
estimation of these risk attitudes. These approaches will be identified respectively as the
direct and indirect approaches to producer risk attitude estimation. The direct approach
involves the direct elicitation of the producers’ utility function through interviews
conducted with producers to determine their preferences (Dillon and Scandizzo 1978) or
through experiments designed to determine the same preferences (Binswanger 1980).

The indirect approach on the other hand involves using observed data on producers’
allocation decisions and resource endowments to determine their attitudes toward risk.
This approach includes the programming approach (Weins 1976; Roumasset 1976; Low
1974) and the econometric approach (Moscardi and de Janvry 1977; Shahabuddin et.al.
1984; Antle 1989, 1984). Studies that use the indirect and direct approaches to elicit the
risk attitudes of subsistence farmers will be summarized below in order to give some idea

of the issues involved in empirical estimation and possible magnitude of the estimates.
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3.3.3 Risk Attitudes of Subsistence Farmers
The Direct Approach

Dillon and Scandizzo (1978) test the hypothesis that farmers have different attitudes
toward risk when subsistence is assured than when not assured and that share croppers
and land owners have different attitudes toward risk. Farmers in northeastern Brazil
were interviewed by asking them questions that would elicit their certainty equivalent
level of income. Questions were asked with subsistence at risk and with subsistence not
at risk. The gambles were framed within the context of the likelihood of yield and
income in a given number of years out of four with subsistence at risk and subsistence
not at risk. | The authors derived risk attitude coefficients from three different
specifications of the utility function which they define as: mean-standard deviation, mean-
variance, and exponential®. They found that for both group of farmers across all utility
specifications they were more risk averse when subsistence was at risk. However, the
question of whether share croppers were more risk averse than landowners depended on

which specification of the utility function was used. This result was to be expected since

The functional form for these are specified respectively as:

U=E+qV1/2
U=E+B(E2 +V)

U= f (1-e")(1-e")1f(X) dx

where, U is the Tevel of utility,

E is the mean level of income,

V is the variance in income,

X is a risky prospect (i.e. income) with,

f(X) the proability distribution function,

a, B, and y are the risk attitude coefficients for
each respective specification of the utility function
(Di1lon and Scandizzo 1978).
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measures of risk aversion may vary according to the utility function and also according
to the risk characteristics of a given utility function--the change in the risk parameter as
wealth changes.

Binswanger (1980) replicated the Dillon and Scandizzo interview approach but
found that the repsonses were subject to interviewer bias. Therefore, Binswanger
developed an alternate experiment which was designed to elicit risk attitudes as measured
by partial relative risk aversion. The farmers’ concern with subsistence was not
explicitly modelled. The experiment was designed to elicit the partial risk attitudes of
330 Indian villagers using gambles with real payoffs. It was assumed that the villagers
made decisions according to the expected utility hypothesis, that they would exhibit
constant partial risk aversion, and that the preference ranking of alternative real gambles
would accurately reflect a farmer’s actual preferences. First, reliability tests were
conducted to see whether an individual’s behaviour differed when gift money as opposed
to own money was used in the gamble. Also, it was found that after individuals became
familiar with the game they could accurately predict in a hypothetical situation how they
would react to an actual gamble (at half, 5, 50 rupee levels). The results were that at
low levels of income, partial risk aversion coefficients were fairly evenly distributed from
risk neutrality to risk aversion. As payoff levels increased the degree of risk aversion
increased. For individuals with initially low levels of risk aversion their risk aversion
parameters increased rapidly whereas, those with moderate levels of risk aversion

experienced a slow increase in their parameters or none at all.
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Binswanger found a similar range of estimates and dispersion of the risk attitude
parameters as Dillon and Scandizzo (with their measure of risk attitudes which was based
on the risk premium) in the interview approach. It was found that the interview approach
classified more individuals as severely risk averse and risk loving, whereas the
experimental approach classified more individuals as moderately risk averse. Therefore,
there appeared to be more dispersion in risk attitudes with the interview approach than
with the experimental approach. This result may arise out of the fact that in the
experimental approach, subsistence was not at risk. One would expect the distribution
of risk attitude parameters to be more dispersed with subsistence at risk. This would
reflect differeﬁces between households that exhibit 'desperate’ behaviour because they are
not meeting their consumption requirements and households which are able to meet most
of their consumption requirements. Households exhibiting 'desperate’ behaviour may be
more willing to take gambles to improve their welfare. Whereas, households which are
meeting their consumption requirements but exhibit risk averse behaviour would be more
cautious in taking risks in order to maintain their level of food security. In addition,
Binswanger points out that the interview approach was based on a stream of income
whereas the experimental approach was based on one-period gambles. Therefore the two
methods may be measuring different concepts of partial risk aversion.

The Indirect Approach

The indirect methods of eliciting risk attitudes of agricultural households in the

literature relies either on mathematical programming or econometric techniques. In the

mathematical programming literature most models have assumed that capital markets are

39



well developed and therefore, that separability between consumption and production
decisions exist. One example of this is a study by Brink and McCarl (1978).
Programming models that have attempted to recognize the possible interdependence
between production and consumption decisions among agricultural households include
Low (1974) and Wiens (1976). These studies are based on the safety-first criteria
developed by Roy (1952).

Wiens (1976) assumes a quadratic utility function with normally distributed profits.
This study uses a programming approach to estimate risk aversion parameters using data
from 21 farms in North China for the years 1937-1939. Wiens demonstrates that
peasants exhibit substantial risk aversion which tends to decrease with farm size. The
study concludes that in this region of China, the farmers’ level of risk aversion more
adequately explains the pattern of crops grown and factor employment observed than risk
neutral preferences with liquidity constraints. Risk aversion parameters for small farms
was estimated at .091 and for large farms at .0085. Wiens found that the farms exhibited
decreasing absolute risk aversion with increased wealth. However, these studies do not
attempt to model the agricultural household’s decision process in determining its level
of subsistence. In addition, it is difficult to use these models to develop a model that can
examine the distribution of the risk parameter across a population of households
(Newberry and Stiglitz 1981: 108). Shahabuddin et.al. (1984) and Moscardi and de
Janvry (1977) try to address these problems.

Shahabuddin et.al. (1984) incorporated Roy’s safety-first measure into a model of

resource allocation. An econometric model based on the first order conditions of
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expected profit maximization was used to compute risk coefficients. This model takes
into account the distrbution of profit and the disaster level of income. The disaster level
of income was defined as the level of income that the household is capable of earning
(net of minimum consumption requirements) given complete crop failure or zero income
from agricultural activities. The disaster income may be interpreted as reflecting how
well a family is able to smooth consumption requirements using income from other
sources. It may also be interpreted as a payoff to a household if it looses the gamble of
agricultural production. Therefore, if the estimated value of the risk coefficient is low
and negative, the household is able to smooth consumption from other sources. If it is
high, then conshmption requirements outweigh the household’s ability to generate income
from other sources. Estimated risk coefficients for his sample of households (in four
villages in Bangladesh) ranged between -1.86 to 2.73 for rural households in Bangladesh.
Within this framework, choices by farmers depend on their subsistence needs, resource
endowments and perceptions of the riskiness among competing activities and not on
attitudes towards risk in the sense defined above. Therefore, with a positive risk
coefficient this implies that in the attempt to minimize the probability of disaster, the
farm household is forced to gamble in its choice of crop-portfolio. It takes risks in order
to maximize its chance of survival by devoting greater resources to riskier but more
profitable (higher expected profit) crops. Whereas, if the farm family’s subsistence
needs are lower than expected income (negative ﬁ;k coefficient) then the farm family can
afford to choose a less risky crop-portfolio with lower expected returns. The measure

of risk aversion derived by the authors is not strictly a measure of the concavity of the
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utility function. This measure also incorporates the household’s ability to smooth its
consumption in the event of disaster (Shahabuddin et.al. 1984:2). However, this
parameter cannot be compared to the risk parameters derived from the shape of the
expected utility function.

The study by Moscardi and de Janvry (1977) is also based on the safety first
criterion. Their hypothesis is that given a production technology, source of risk (such
as variability in prices and yields), and market conditions, the observed level of factor
use reveals the underlying degree of risk aversion. Therefore, it is possible to estimate
risk aversion parameters for large samples of peasants (Moscardi and de Janvry). The
risk attitude of forty-five farmers in Puebla, Mexico was estimated. Optimal levels of
nitrogen was used in the risk attitude estimation. Nitrogen was used because it was
found to be the most important input, it comprised the largest component of variable
costs. The study found farmers to be risk averse with parameter estimates ranging from
0-2 with a mean of 1.12, and variance of .38.

Moscardi and de Janvry use an econometric approach to estimate the risk
coefficient for a population of producers. They obtain the certainty equivalent of the
safety first model subject to the constraint that the marginal rate of substitution between
expected returns and variance in returns is a function of socioeconomic variables. As
with Shahabuddin et.al. the risk aversion parameter is estimated from the residual of the
first order condition. A criticism of this approach is that it attributes deviations from

optimal allocation of factors of production to risk.
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Antle’s methodology for risk attitude estimation is based on the expected utility
hypothesis and the statistical methodology of the method of moments (Mood, Graybill
and Boes 1974). A Generalized Least Squares (GLS) estimator is used to estimate the
moments of production. Antle first estimates the first moment of production (the mean)
as a function of the inputs to production. He then uses the residuals from this regression
to estimate the second and third moments of production (varaince and skewness
respectively) as a function of the inputs to production. Afterwards, the results from the
estimation of these moments of production are used as variables, and the functional form
from the first order condition of optimatization of production with respect to the level of
inputs are used. to estimate the risk attitude of the household. In order to account for the
possible endogeneity of risk attitudes, a random coefficient model with an instrumental
variable estimator is used to derive risk attitudes for agricultural households in India.
As mentioned earlier in this review, a criticsm of this approach is that it is important to
correctly specify the mean function of production in order to derive unbiased estimates
of the other moments of production. However, for the purposes of the current study the
assumption made by Antle was maintained. It was assumed that the functional form
represented a Taylor series expansion of inputs about the level of output. This
specifications allows for a flexible and linear representation of the moment functions (see
Section 3.2.2 of this review and Antle 1983:195).

The study by Antle (as do the previously mentioned econometric studies) focuses
on the characteristics of a population of producers rather than on an individual producer.

As a result, the problem of aggregation of individual producer attitudes toward risk to
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the population is eliminated. ~This is important for policy purposes because policy is
often based on population characteristics rather than on a representative producer. Antle
estimates an average absolute Arrow-Pratt risk aversion parameter value of 3.272 which
he transforms to partial risk aversion measures with the range over all producers of .19
to 1.77 and he finds these to be of the same order as that estimated by Binswanger of
partial Arrow-Pratt coefficients in the interval of .32 to 1.74.

The programming and econometric studies reviewed above do not explicitly model
the semi-subsistent nature of the agricultural household (Finkelshtain and Chalfant 1991).
In addition, these models do not take into account that these households may be able to
smooth consumption through other sources such as off-farm income and savings.
Murdoch states that neglecting this may lead to lower estimates of risk aversion
parameters and an over-estimation of the effect of risk on consumption.

Morduch (1990) used the same data set as Antle (1989) within the agricultural
household model framework to estimate risk preferences. He assumes a sequential
decision process where production decisions are made first based on risks faced by
households. ~ Afterwards, consumption decisions are made given the outcome of
production decisions. He argues that if the household is able to smooth consumption
through credit, off-farm income, gifts etc., then the effect of risk on consumption is less
than it would be if these alternatives were not available. Therefore, it would appear that
past studies of risk attitude estimation (using the observed behaviour approach) which did
not account for the consumption preferences of the household may lead to an overstating

of the effect of risk on consumption and an understating of risk attitudes.



This hypothesis is supported by a comparison of the coefficients of relative risk
aversion estimated by Morduch to those estimated by Antle (1989). The estimates of
relative risk aversion estimated by Morduch are slightly higher than those estimated by
Antle (1989) using the same data. In light of this result, one can see how the Dillon and
Scandizzo (1978) results (which allow subsistence to be at risk) may reflect more closely
the actual situation of poorer farmers than the Binswanger approach. Also, the above
hypothesis provides another explanation for the differences between the results obtained
by Dillon and Scandizzo and Binswanger.

Fafchamps (1990:192) uses monthly data on Burkina Faso between the years of
1981 - 1983 to estimate relative risk aversion parameters within the range of 0 to .99.
These estimates of partial relative risk aversion appear to be rather low. In this study
Fafchamps explicitly models the endogeneous return to household labour. One would
expect that including missing markets in the model would increase the impact of income
risk on consumption since the ability to smooth consumption through the labour market
is limited. Also, one would expect the risk aversion parameters to be higher because of
the interdependence of consumption and production decisions.

The results from the above studies lead to the conclusion that agricultural
households are primarily risk averse. The measure of absolute risk aversion varies
across studies and appears to be lower for the math programming than the econometric
studies. Murdoch states that these approaches dc‘> not take into account the household’s
ability to smooth its consumption inter-temporally or from other income sources. As a

result, econometric estimation of risk attitudes (which is based on actual or observed
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behaviour) may under state the estimate of risk aversion. Since, households which have
various sources of smoothing its consumption available to it (off-farm income, credit,
gifts etc.) may behave as if they are risk neutral. In fact, such a household may be less
concerned with the variation in income if it knows that it will be able to meet its
consumption requirements and will therefore be more willing to trade off the cost of
higher risk with higher expected returns.

The next section will examine how the risk parameter varies across a population
of semi-subsistent households. This has implications for income distribution, risk bearing

or consumption smoothing ability and therefore food security policy.

334 The Relationship between Risk Attitudes and Socioeconomic variables:
Policy Implications

Dillon and Scandizzo (1978) found that an increase in the risk aversion coefficient
was correlated with ethical beliefs about gambling and age. Increases in risk aversion
was found to be correlated with increases in household size for home owners. Moscardi
and de Janvry (1977) used discriminant analysis with three variables representing the
socio-economic aspects of the household: nature of the household represented by family
size, age and education of household head; income generating opportunities represented
by land under its control, level of off-farm income; access to public institutions
represented by membership in a solidarity group (cooperative).

The results were that increases in the risk aversion parameter was positively

correlated with age and negatively correlated with education, household size, off-farm
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income, land control, and solidarity group. This suggests decreasing risk aversion as
wealth increases.

Binswanger (1982) regressed eleven socio-economic and structural characteristics
on partial risk aversion coefficients derived for peasants in rural India. The study found
that wealth had a negatively insignificant effect on the risk aversion coefficient and had
a weak negative correlation with education. Past experience with playing gambles or
luck was highly correlated with the risk aversion coefficient. Success in prior games was
found to be negatively correlated with increased risk aversion. However, the effect of
luck decreased as the stakes rose. Increasing risk aversion was positively correlated with
age at the half rupee and five rupee levels but negatively correlated with age at higher
game levels. As with Dillon and Scandizzo tenants were shown to be less risk averse
than landlords at low game levels. There was a negative correlation between risk
aversion and income transfers. Binswanger concludes that the difference in investment
behaviour observed among farmers facing similar technologies and risks cannot be
explained prmarily by inherent risk attitudes, but instead are induced by the existence of
differing constraint sets. This implies that consumption smoothing or risk bearing ability
would determine the degree to which risk affects consumption and production decisions
for agricultural households in the presence of under-developed credit markets.

Shahabuddin et.al. (1984) regressed their measure of risk coefficients on socio-
economic variables (age of head of household, fimily size, education level, farm size,
off-farm income, total assets of household). He found that the household’s asset and

education position was never significant in determining risk behaviour. Family size was
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found to be positively correlated with the risk coefficient and farm size and off-farm
income were found to be negatively correlated with the risk coefficient.

The above discussion shows that the existence of risk may adversely affect the
distribution of income among agricultural households in developing countries. This
would have adverse consequences for food security in these areas. It is therefore
important to examine the effect of risk on food consumption in order to identify policy
options to aid in alleviating food insecurity. The next section will discuss previous
studies that have attempted to examine this affect and the corresponding estimation

issues.

3.4 Incorporating Risk into an Agricultural Household Model
341 Basic Result of the Model without Risk

The agricultural household model (AHM) was first conceptualized by Chayanov
to explain the production behaviour of peasants in Russia. In this model the labour
market was absent. This model was later formalized by Nakajima (1986). Since then
several empirical applications of this model have been implemented (see Singh, Squire
and Strauss 1986). The basic results of the model show that in the presence of perfect
capital and factor markets the production side of the household’s behaviour could be
modelled independently of the consumption side. In other words, given prices, one could
solve first for the production problem of the household. Given this result, the
consumption problem of the household could then be solved. This is the recursive

property of the model (separability or sequential decision making process which will be
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illustrated algebraically in the model chapter). The comparative static results of the
model yield the result that the change in the consumption of a good (which is also
produced by the household) with respect to price is no longer unambiguously negative
for a normal good as in the usual consumer case. This is because the income effect has
two components: a profit effect in addition to the usual income or expenditure effect.
If the profit effect is zero then the comparative static result reduces to the traditional
consumer case. However, if the profit effect outweighs the consumption effect (which
implies a net seller household) the household may demand more of the good which it
produces when its price increases. In this case, an increase in price induces the
household to produce more which leads to a positive marginal increase in income and,
therefore, an increase in demand if the income effect outweighs the substitution effect.

Appendix 3.1 summarizes these results.

34.2 The Basic Result with Missing Markets

The next basic extgnsion of the AHM is to the case of missing markets for some
of the goods produced by the household: labour, health etc. In these cases, separability
between consumption and production decisions no longer holds. One common example
is the case of missing labour markets. The wage rate is, therefore, endogenously
determined by the household and depends on production as well as consumption
decisions. Examples of these kinds of models are‘those by: Benjamin (1992), Fafchamps

(1989), and models in Singh, Squire and Strauss (1986).
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Separability may also breakdown when there is risk in the presence of
underdeveloped capital markets. Studies that have attempted to look at risk in the AHMs
are those by: Graham-Tomasi and Roe (1986), Fabella (1989), Finkelshtain (1990),
Finkelshtain and Chalfant (1991). These studies show that under general conditions
separability between production and consumption decisions breaks down in the presence

of risk.

3.4.3 The Basic Results and Risk

Fabella incorporates risk into a static model of the AHM and discusses different
representations of production risk that would lead to separability. The paper shows that
risk neutral attitudes on the part of the household implies separability. If revenue risk
is multiplicative then risk neutral attitudes implies separability between consumption and
production decisions. Additive production risk specification implies separability. Risk
reducing inputs (in the sense of Pope and Kramer 1979) with increasing returns to scale
of production leads to separability if production risk is multiplicative. The study does
not examine the implications of the existence of risk for the comparative statics of the
consumption of the good produced by the household. However, it provides a framework
for examining the effect of risk on production decisions in a static framework which will
be developed further in the current study.

Graham-Tomasi and Roe (1986) use a dynamic model of AHM with multiplicative
risk and assume normally distributed production risk to show that separability holds

under the following conditions: the utility function is additively separable over time with
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each period’s sub-utility function being negative exponential. The exponents of the utility
function is restricted to be homothetic with respect to the consumption bundles. In this
special case, the household behaves as if it first maximizes certainty equivalent income
with respect to inputs and outputs. Given this certainty equivalent income it optimizes
its utility. The result is that the profit effect is no longer unambiguously positive (as in
the basic AHM). For the net seller, if the increase in the variance of profit (as a result
of a price increase in the presence of risk) outweighs the increase in the expected profit
then the net income effect is negative. Assuming the household is risk averse, an
increase in the price of the good produced by the household leads to a larger decline (or
a smaller increése if the net income effect is positive) in its demand than if there was no
risk. Inthe case of the net buyer, this household experiences an unambiguously greater
decline in demand with the existence of risk. The major criticism of this model is that
it does not take into account the household’s ability to smooth its consumption and the
effect of increased risk on consumption. Therefore, this model may tend to overstate the
effect of risk on consumption. Few studies have explicitly accounted for the household’s
ability to smooth its consumption in the presence of risk and the net impact on
consumption. However, studies such as Murdoch (1990) which examine the effect of
credit constraints on production decisions may highlight the importance of accounting for
consumption smoothing and alternate income sources.

Murdoch (1990) incorporates saving and borrowing into the AHM using a dynamic
model to look at the effect of borrowing constraints on production decisions. He

assumes a sequential decision process where consumption decisions are made after
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production has been realized. He finds that households which are constrained diversify
plots and crops and adopt less risky technologies to a greater extent than unconstrained
households. He also found that households with smaller plots of land were more credit
constrained than families with larger plots of land. This model does not examine the
effect of increased risk on consumption. However, it does emphasize the importance of
incorporating risk into an analysis of economic decision making within an agricultural
household. The model also highlights the importance of the availability of alternate
income sources and means of smoothing consumption to the household.

Finkelshtain (1990) uses the AHM framework to show that under multivariate risk
without imposing a sequential decision making process, the semi-subsistent household
may produce more under price risk than it would under deterministic prices. He derives
the result that the agricultural household will produce less (more) in the presence of risky
prices if the income effect of a price increase outweighs (is outweighed by) the
consumption effect. The implication for the price response of the Marshallian demand
curve is that buyer and seller households will unambiguously be worse off in the
presence of risk. However, seller households may still experience an increase in demand
depending on whether the net income effect outweighs the pure substitution effect.

The above review shows that few studies have attempted to trace in a theoretically
consistent manner the linkage between production risks and consumption decisions and
therefore food security of semi-subsistent households. The different studies touch on
various aspects of the issue without explicitly outlining the link between the risks and

household food security.
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From the current attempts to incorporate risk into an AHM one can see that
changes in the basic comparative static results of the model are brought about through
the net income effect. Therefore, in an attempt to explore the effect of risk on
consumption it will be important to derive a method to isolate the profit and expenditure
components of the net income effect. However, techniques are still lacking which
examine the way in which these risks translate into food insecurity. The degree to which
these risks translate into food insecurity depends on the households’ ability to smooth
consumption. There exists a growing body of literature on risk and its effect on
household consumption in developing areas. Alderman and Paxson provide a review of
these studies which are primarily based on the permanent income literature. In these
studies consumption is correlated with income to see the degree to which the two move
together. If the two are perfectly correlated then this implies that there is a significant
degree of liquidity constraints. However, very few of these studies explicitly account for

the semi-subsistent nature of the agricultural household.

3.5 Implications for Empirical Estimation

Given the above discussion it will be necessary to estimate demand responses in
the presence of risk. Some issues need to be explored with regard to estimation of the
demand system. In cross-section data there are often zero observations for some of the
goods which are either not consumed by a househ‘old, or not bought by the household in

the period in which the survey was conducted. This is known as censoring of the
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dependent variable, which violates the assumption of normality and a zero expected value
of the ordinary least square (OLS) error term.

Censoring may be handled in different ways. One approach may be to aggregate
across commodity groups. However, some information may be lost in the process.
Another approach would be to drop the zero observations. However, this would lead to
biased OLS results because the estimates would not reflect the behaviour of the whole
sample (Alderman 1986).

Tobit models are used to account for this censoring in the dependent variable
(Pudney 1989; Maddala 1983). The basic structure of the Tobit model which applies to

the data for the current study may be written as follows:

where, Y* is the unobservable latent variable
Y is the observed censored variable (which for the current case is the expenditure
share of each food group out of total food expenditure and is censored at zero)
B is the estimated coefficients
e is the independent error term which is normally distributed about 0 with a
variance of ¢’.

This model was first proposed by Tobin (1958) who applied this model to consumption

of durables and showed that (by using the moments of censored normal variable (see

Greene)) that :
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EY = p'x® (2) ' 0 (2)
where z=¥,

&(z) is the cumulative distribution function and ¢(z) is the density function.

McDonald and Moffitt (1980) decompose the marginal effect for censored variable into
two components: the probability of being censored times the change in the expected
censored value plus the expected censored value times the change in the probability of
being censored. In other words, an exogeneous change effects the censored variable in
two ways: the mean effect on the censored value and the probability of it being
censored. This marginal effect is important for those cases in which the distribution is
truncated. In this case one is interested in the marginal effects of the exogeneous
variables on the censored observed variable. However, if one is interested in the
underlying distribution (and not just in the observed values) then the estimated
coefficients § measure this effect. In the current study we will be interested in the
underlying distribution.

There is also an interpretation for the latent variable within the context of the
present study. Food items will be grouped into six food groups. It is assumed that
members in a household will consume at least one item out of each of these groups in
a long enough time period. The survey period may have been too short to catch
consumption of these items. Also, quite a few of the food items are storable which may
contribute to non-expenditure outside of the survey period. In this case, the observed
variable Y represents expenditure on food in a time period. Whereas, the latent variable

Y’ represents actual consumption out of food expenditure in a time period.
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A two step-procedure has been proposed by Amemiya (1978) and Heckman (1978)
in estimating the above equation. The method to be used in the current study will be that
of Lee (1978) which has been applied to an AIDS demand system for food by Heien and
Wessells (1990). This method was chosen because it readily lends itself to the
maintained hypotheses of demand theory: adding up and symmetry.

A second issue in demand system estimation in cross-sections involves the use of
unit values in estimating price changes. Usually, in cross-sectional surveys, quantity and
expenditure information is collected but not spatial price data. Unit values therefore
represent quality as well as quantity variations in addition to measurement error.
Therefore, using unit values to estimate price response of demand will bias the results
of the price elasticties. Deaton (1988) provides a methodology that isolates the quality
effects of price changes and that also accounts for measurement error. Alternatively, one
could use average market prices across districts and this reduces the level of
measurement error and quality effects (Strauss 1986). This is the method employed in
the present study.

Finally, there is the issue of whether to incorporate the production side of the
household decision process and how to do so. In order to determine whether the
production side should be incorporated in some fashion the usual procedure is to perform
a Hausman test for the exogeneity of expenditure or income in the demand equation
(Bouis and Haddad 1990). Also, indications of the non-existence or inefficient
functioning of markets in the area to be studied lead to the implication that production

decisions should be incorporated into consumption decisions. Two stage least squares
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with instrumental variables may be used to account for the possible endogeneity of
income or expenditure in consumption decisions. Also, using instrumental variable
estimation minimizes the possible effects of measurement error. In addition to the above,
Massell (1969) suggests including the degree of subsistent orientation out of production
as an independent variable. He argues that for semi-subsistent households it is likely that
the household which grows more of a given good will consume more of that good. This
is because the imputed cost of the good is lower to the household which grows it as
compared to purchasing it on the market. Incorporating subsistence orientation accounts
for the possible effects of transaction costs on consumption. Massell therefore concludes
that excluding this variable will lead to biased results for households that consume a
significant amount of what they produce. This variable is also instrumented as in the

expenditure or income case.

3.6 Conclusion

From the review of the above articles it appears that semi-subsistent households are
generally risk averse. The risk affects food security through its effect directly on food
consumption and indirectly on resource allocation decisions. The degree to which this
occurs depends on the households ability to smooth consumption and diversify income
risks. However, there is still a need for studies that link in a theorectically consistent
manner the risks faced by semi-subsistent househ‘olds and food insecurity.

The current study will attempt to develop a framework within which the effect of

risk on agricultural household food consumption may be examined. The study will be
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primarily concerned with labour supply as the means of smoothing consumption. In the
Rwandan case, labour is important because of the implications for employment in
population dense areas and also because of the implications for the nutritional status of

children through its effect on women’s time allocation.
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Appendix 3.1: Summary of the Comparative Static Result

The Usual Comparative Static Result of Demand Theory

where,

a_SI =_aLg| —S_a.§
op'™ op'# oY
€ =E-sM

S is the amount of the good consumed by the household

P is the price of S

Y is income or total expenditure, and

M is the Marshallian response of demand to a price change (Y constant)
H is the Hicksian reponse of demand to a price change (utility constant).
€ is the Marshallian price elasticity of demand,

7 is the income elasticity of demand,

E is the Hicksian elasticity of demand,

sy is the share of the good consumed out of total expenditures.

The Comparative Static Result of Demand Theory in the AHM

where,

8| .35 ,(8ndS _ dvos

oP or'" \oPody oOPOIY
_ s - q0S
-ﬁ|H+(Q S)ay

€ =E+ (P - sy

S is the amount of the good consumed which is produced by the household
Q is the amount of the good produced,
B is the share of the good produced out of total income, all other variables

are as defined above.
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Appendix 3.2: Summary of the Comparative Static Result of Demand in the
AHM with Risk

The Graham-Tomasi and Roe Model (Production Risk)

os .05 ,(Meds ovas
oP op'# op dY oOPoY
_ ds B _ @08
> a5 +(@-PV(Q) I 5')63’
v
€ =E+(B_SM)',]_ (Y)I

where, e = P*Q(k,]) - C(k,)) - P*V(Q)*r/2 = II - P**V(Q)*r/2, is certainty
equivalent income,
Y =1, + P*V(Q*r/2 + 1, is expected income with I exogeneous
income,
Q is the expected level of risky output with variance V(Q), r is measure of

relative risk aversion, and all other variables are as defined in Appendix 3.1.



The Finkelshtain and Chalfant Model (Price Risk)

where,

8| _ 95 ,(dds _ dras
oP op'F (apay oP oY
€ =F+ (B -syn

E - s xp?+(B - 50

subscript F denotes constant marginal utility of income demand curves or
Frischian demand curves (see Besley (1989); Frisch (1959) and Browning et.
al. (1985); Phlips (1983)). The Hicksian substitution effect may be
decomposed as follows E=F + syru®. Therefore, F = E - s,tu* where
the first term is the pure substitution effect and the second term is the
income effect or the compensation required to keep marginal utility of

income constant.
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Figure 3.1:  The Effect of a Mean Preserving Spread
on Expected Utility
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Source: Newberry and Stiglitz 1981.
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CHAPTER FOUR
RISK IN A STATIC FRAMEWORK OF THE AGRICULTURAL
HOUSEHOLD: ITS EFFECT ON CONSUMPTION AND LABOUR
ALLOCATION

4.1 Introduction

This chapter outlines the theoretical framework that will be used in the
econometric analysis of the effect of risk on the consumption and labour supply decisions
of agricultural households in Rwanda and the implications for household food security.
The framework will provide the background for the econometric models to be used in
a micro-simulation of the pricing policy for staple foods in Rwanda. It will take into
account the possible endogeneity of family labour and allow for heterogeneity between
family and hired labour and between family male and female labour. Given the
subsistent nature of Rwandan households, the model will also allow for the simultaneous
determination of consumption and production decisions.

Agricultural household models (Singh Squire and Strauss) allow for the possible
interdependence of production and consumption decisions without the explicit
consideration of risk. The incorporation of risk into the model raises two issues
regarding separability and the allocation of resources. With regard to separability,
Barmum and Squire state that the existence of contingent claim markets or risk neutral
preferences guarantees separability under risky situations. Although, Fabella (1989)
shows that additive production risk in a static model of the agricultural household gives

rise to the result of separability. Roe and Graham-Tomasi (1986) find that separability
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between consumption and production decisions does not hold in general. In their paper,
a dynamic model of the agricultural household with multiplicative production risk is
developed. It was found that the income effect of a change in price of a good also
produced by the household was overestimated when risk was not explicitly incorporated
into the model. It was also found that the quantity of output was overestimated and the
resources allocated to off-farm activities was underestimated when risk was not
considered.

In the Rwandan case, the issue of separability arises because family labour may
be allocated to on-farm and off-farm activities. Households simultaneously determine
how much leisure to consume and how much of their own labour to allocate to on-farm
activities. The high population density of the region in the current study gives rise to the
possiblity that not everyone looking for work outside of the farm may be able to find it.
The data for Giciye commune shows that the market wage rate exceeds the marginal
product of farm labour. This suggests that there is some rationing in the labour market
that is causing households to supply 'too much’ labour on their farms. As a result, the
wage rate for family labour will be endogeneously determined. Therefore, there may be
a wedge between the market wage rate and the return to on-farm family labour. This
will have policy implications for household food security. The chapter will begin by first
formulating the problem for the certainty case. Then the problem for the cases of price
and production risk will be formulated along with the results. The key variables and
relationships which will be used in estimating the effect of risk on household

consumption will be identified and analyzed.



4.2 The General Model

The general model is that of an agricultural household which consumes part of
its agricultural production. The household is assumed to maximize a utility function
which is a function of the consumption goods: the staple food (S, which is produced and
consumed by the household), all other consumption goods (C), leisure (I, 1) where the
subscripts F and M refer to female and male leisure respectively, and nutritional well
being (NW), subject to a budget constraint which includes net revenue from production,
the value of production of nutritional well being, and any sources of off-farm income for
the household (wzOF,w,,OM where w; and w,, are female and male wage rates
respectively, and OF, OM are female and male off-farm labour supply).

The production function for nutritional well being is defined by
NWI[S,HW HT; ], where {1 are exogeneous variables which effect nutritional well being
(such as distance from and cleanliness of water supply, cleanliness of the household
environment, education level and genetic make-up of the heads of the household), S
refers to the staple good, HW is labour allocated to the production of nutritional well
being (this includes general nurturing activities and housework), and HT is the amount
of health services used in producing a given level of nutritional well being. The
marginal product for each input to the production of nutritional well being is assumed to
increase at a decreasing rate: NW’ > 0 and NW* < 0. NW is not a choice variable
for the household. However, it is determined by the value of its inputs which are choice
variables for the household. Farm production of the staple good, part of which

is also consumed is defined by f[F,M,H,K;NW]. Nutritional well being is not an input
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to production but rather behaves as a shift variable. Nutritional well being effects
production through its effect on the marginal products for family labour: f;y >0 and
funw >0. The variable factors of production are total female (F) and male (M)
household labour supply, and hired labour (H). The fixed factors of production are the
resource endowment (K) which may include land and any fixed capital. The return to
this fixed resource is ry. It is assumed that the marginal product for all inputs increase
at a decreasing rate: f*>0 and f*’ <0.

The household’s utility function is assumed to be strictly quasi-concave and twice
differentiable with U’ > 0 and U’’ <O for all of its arguments. It is assumed that there
are no savings and that the primary means employed by households in managing risk is
through the labour market. This is a restrictive but not entirely unrealistic assumption
given the low level of food storage in the study area and missing credit markets.’

The household’s general problem under certainty may be stated as follows:

This assumption was also common in the older empirical risk
lTiterature. More recent works attempt to incorporate the
other means employed by households in managing risk (see
Alderman and Paxson).
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1)

Max

F,M,5,c, Ulp ly S.C NWIS,HT, HW;Q),HT] such that
K,H, OF  HT,
OM, HW
p55+ch+PmHT =
+pf [F, M, H, K; NW] -wH-1 K (1)
+wgOF+w,OM
Tp=1p+F+HW+OF (11)
Ty=1)+M+OM (1)

K<K; OF,OM20.

where, ps is the imputed price to the household of consuming the home produced good
S, p is the market price at which the good can be sold by the household, p. is the price
of the non-food composite good, and py; is the price of health services consumed by the
household. The constraint (1i) ensures that consumption expenditure does not exceed
income. In order to simplify the framework it is assumed that only women supply labour
to NW production. The constraints (1ii and liii) ensure that labour supply does not
exceed the stock of time available within the household. T; represents the total labour
time available for a household (which may be for a year, month or day) and depends on
the number of males and females within the household. Lastly, the amount of the fixed
resource employed in production should not exceed the amount available. In addition,
off-farm labour supply may be rationed. If this is the case, then the off-farm labour
supply constraints are binding.

The above model also incorporates transaction costs. The imputed price (which
may also be called the shadow value of the good consumed by the household) is related
to the market price as follows: TC=p; - p, where i=1..n households. Transaction costs

are made up of the cost of storage, costs of transportation to and from the market,
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opportunity cost of time involved in carrying out transactions, and risks associated with
uncertain marketing conditions (de Janvry et. al. 1992; see also Goetz 1992). If

transaction costs are exhorbitant then the household becomes self-sufficient.

4.2.2 The Problem under Certainty

The corresponding Lagrangean to equation (1) can be written as follows:

@
Max  U{T,~F-HW-OF,T,~M-OM,S,C,NW[S, HT, HW; Q] , HT)
FMS,C, f [F, M, H, K; NW] -wH-I K+WOF +W,0
K,O ’ M, * A' = S_ C-
H, HW, HT PsS-PcC-PyHT

i {K-K} +y,OM+y ,OF
where \ is the marginal utility of income, y is the shadow value of the fixed resource
K, and vy, and ¢ are the shadow values of off-farm labour. The shadow values of off-
farm labour will be greater than zero if the constraint on off-farm labour supply is
binding. The first order conditions for an interior solution may be written as
in equation (3).

Equations (3i) and (3ii) state that within the farm household labour is supplied up
to the point where its disutility equals its marginal value product. These equations show
the source of the breakdown of the separability assumption since the choice of how much
leisure to consume also depends on production decisions. Equating (3i) to (3viii) and
(3ii) to (3vii) yields the result that each type of household labour is supplied up to the
point where its marginal value product is equal to its shadow value. In the case of

female labour, its shadow wage (wy + /M) is also equal to the shadow value of labour
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allocated to house work (UywNW,y,). The constraints on off-farm labour supply provide
the basis for testing for rationed labour. If labour is rationed then, the market wage rate

will not be equal to the marginal value product of labour.

(&)

F: 0, =pt, (1)
u: 0, = pf, (i1)
S: Og + OpNWs = D (111)
C: Oc = Do (iv)
K: pfy = r,p-% (v)
H: pf, =w (vi)
" Y ;3
oM: U, = WM+TM (vii)
OF: 0, = w+ E (viii)
1p F A
HW: 0y = 0pNWy, (ix)
therefore pf, = WF+Y—A’ = 0, W,

Equation 3v and 3vi state that hired labour and fixed resources (such as land) are
employed by the farm up to the point where its marginal value product is equal to its
price or rental value. Equation (3iii) and (3x) state that the household’s choice of S and
HT depends on the respective direct effect on utility and also on the respective indirect

effects through the effect on nutritional well being.
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4.3 The Model Under Price Uncertainty

The task in this section is to show the effect of price and yield risk on input and
output levels of production. Therefore, in order to simplify the notation, the assumption
that male and female labour are heterogeneous will be relaxed, and transaction costs are
assumed to be zero. These assumptions do not change the basic analysis. Assuming
price uncertainty, and solving for the aggregate non-food good C? so that all prices are

relative to p, the above problem may be restated as follows:

)
Max T-L-HW-OF, S, NW[S, HT, HW: Q] , HT,
L.s,H, EU{(p+a0) £ (L, H, K; NW] -wH-I (K+WOF-p H
K, HW, OF
HT -(p+aB) S

+ p{K-K} + yOF
In order to derive the comparative statics of the effect of a mean preserving increase in
the variance of output price the random price may be defined as p’=p + «af, and
E(p’)=p , where E is the expectation operator (Sandmo, Pope and Kramer). Changes
in o depict a mean-preserving change in the riskiness of the price of staple S, and 6 is
the deviation of price from its mean. The above problem yields the first order conditions
(5).  When the optimal solution to equations (6) are substituted back into the objective
function in (4) this yields the indirect expected utility function V(P,Y,e). P depicts the
vector of input and output prices and Y is full-income (which is defined in Appendix

4.1).

c=2L2f)-Xp-Irg. Yeop
Pc c bc Pc
+ Yooy - Pty P g
Pc Pc Pc
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350
oL
SEU
8s
SEU
0K
SEU
0H
S$EU
S HW

j3:0
dOF
30
SHT

E(-U,+U.(p+aB) £}=0
EUg+UpNWs-U. (p+aB) )} =0
E{U. (p+a8) f,-Uor,~p}=0
E{U. (p+a8) f,-w}=0
E(-U, +U (Up W) } =0
E(-U, +U.w+Y)=0

E{UyNWyp Uy =U Py} =0

Following Horowtiz (1970)° (5) may be written as:

®)

(1)
(i1)
(1i1)

(iv)

(vi)

(vii)

Horowitz passes the expectation operator through the terms

in the brackets and uses the definition for the expectation

of the product of two random variables:

E{XY} = E{X} + E{Y)} + COV(X,Y),

and COV(X,Y)=E{(EX-X) (EY-Y)}

where COV denotes the covariance between the two random

variables.
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(6

EU,  cov(U., pf;)

L: pf (1)

LB, EU,
VW, Wy >
S: _Eté-fﬂ__‘gNws—p = ._C_o‘,(—cm (ll)
EU. EU. EU.
cov(U., pf,) g
K: f - +.E = C'TK 121
pfg-(ry A) B, (111)
cov(U., pf,) :
H: pf,-w = # (iv)
mr By (v)
¢ ETJC wNWHW
EU ,
OF: =2 = w+X (vi)
EU, A
EU,, »
HT: —= + EUyyNWyr = Dy (vii)

C

In equation (6) the right hand side provides a measure of the marginal risk premium
associated with the respective choice variables. This marginal risk premium is a function

of the level of risk.

4.3.1 The Total Effect of Price Risk on Family Labour Allocation and Production

Equation 6i (using 6vi) may be rewritten as: )}

pf,-w_cov(Ug, P)
pf, EU.

Equation 7 (and 6), shows how the existence of risk alters the choice rules that would
prevail in the case of certainty. Following Sandmo, Battra and Ullah, and Finkelshtain

and Chalfant the total effect of risk on input use can be determined by the sign of
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cov(Ug,p). If cov(Uc,p) <0 then more labour is used as compared to the risk neutral
situation. If cov(Uc,p)>0 then less labour is used as compared to the risk neutral
situation. In order to determine the sign of this term, Finkelshtain and Chalfant use
Roy’s identity and a Taylor series expansion (Newberry and Stiglitz 1981; see Appendix
4.1) to rewrite (7) as:

t)]
pf, -w
pf,

= Y2 (rP+s,(n-1))

where y is the coefficient of variation in prices, r is the coefficient of relative risk
aversion, w is the market wage rate or observed wages, s, is the proportion of home
consumption of the farm produced staple out of total expenditure, § is the value of the
home produced good as a proportion of full income, and 5 is the income elasticity of
demand for the home produced staple (S). Let X" and X be the levels of production
under price uncertainty and certainty respectively. The uncertain level of output XV will

be greater (less) than the certain level X as:

IP + 8l - 1)

VoA
o

and

s,,(l-—;l)

=
VoA

The consumption effect of a price change (the derivation of which is explained

in Appendix 4.2) is defined as s, (1--'11) which is the amount by which expenditure

must change in order for the household to enjoy the same level of marginal utility as
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before the price change (Finkelshtain and Chalfant 1991:561; Besley 1989:846). The

d

income effect is defined as =

.5 = x.% = p which is the amount by which income

changes when prices change. The intuition behind these results arises out of the
household’s primary concern with ensuring itself against consumption risk. If the income
effect is greater than the consumption effect then the household is able to insure itself
against adverse changes in prices through the marginal increase in income. However,
if the consumption effect dominates the income effect, then in order to keep marginal
utility constant, the household is forced to produce over and above what it would produce
if there were no risk in order to keep its marginal utility at the same level as before the
price change. If the household behaves in a way that denotes risk neutral behaviour then
the consumption effect and the income effect are equal. This result shows that as long
as there is risk and incomplete markets, the household may behave in a fashion which
denotes risk aversion even though it is risk neutral (r=0)*. Finkelshtain and Chalfant

show that:

< > .
XV=Xx¢ as 1 =r(1—-X—).
> < S

Therefore, the household can behave in a risk neutral manner when the above result
holds with equality even though the household is not risk neutral (r is not equal to zero).

The implications of risk aversion for food availability can be ascertained from

Masson (1972) and Just (1975) also develop models which show
how institutional factors and market imperfections may lead
to risk averse behaviour even when the household is risk
neutral.
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equation (8). Given (8) there exists four cases for any given level of risk (y*) which
depends on whether the good (which is both consumed and produced by the household)
is a normal good or inferior good, and whether the net marketed surplus for the good is
positive or negative. The results for the following four cases follow the same reasoning

used in Finkelshtain and Chalfant for analyzing the effect of a price change.

4.3.3 Implications of Risk Aversion for Household Food Availability

The above analysis can be used to determine the effect of increasing risk aversion
on the level of output and therefore on household food availability. In the cases to
follow it is assumed that the household is risk averse (so that r>0). The analysis is

carried out for a given level of home consumption (S) of the home produced good.

)

CASEI: 9 > 0, X" > S and therefore r (1-%) <0

The household is a net seller on the market and its primary concern of optimizing income
outweighs its need to produce purely for consumption. Therefore, output is decreasing
with respect to an increase in relative risk aversion (r) and this implies that X > XY as
can be seen from the following diagram. The difference between price and marginal cost
(for XY < X°) may be attributed to the cost of risk. In this case the income effect
dominates the consumption effect. For a given level of consumption, increasing risk
aversion would have adverse consequences for the marketed surplus of the household.
In this situation, policies designed to aid households in diversifying the production risks

they face would have a positive effect on the marketed surplus.
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Figure 4.1: The Effect of Risk on Household
Production
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CASEIL: 7<0,X'< S and 1(1-"?") 50

In this case the household is a net buyer of an inferior good. Using the same logic as
in case I the result is that output is increasing with increasing r and therefore X < X".
The consumption effect dominates the income effect. Although production would be
greater with uncertain prices than with certain prices, the household still does not meet
all of its consumption requirements. The consequences for household food availability
would depend on the existence of other sources of income for the household. Attempts
to diversify income risk from the production side would not help in increasing the
household’s ability to produce its own food. In this case diversifying risk from the
consumption side through alternative sources of income might be more effective in
ensuring food security. Since 7 is less than zero this good is an inferior good and is
primarily consumed by poorer households and the negative net marketed surplus
reinforces this so that even though the household is producing this commodity at a loss
it continues to produce more to ensure against food insecurity. Alternative sources of
income might also lead to an increase in the marginal productivity of labour on the farm.
This is especially important in a labour surplus economy (such as Rwanda). If labour
supply is rationed then an option that may be open to the government would be to create

more job opportunities through public works programs.
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CASEII: < 0,X' > S andr(l-i‘;)< 0
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In this case the good is an inferior good and is primarily consumed by poorer
households. If 7 is strongly inferior (|n] > > 1) then pf, -w<0 and X" > XC.
The return to labour is negative in the short-run. In order to continue producing the
household would have to be covering its fixed cost. In this case the household is
producing to ensure food security. If |n| is small enough then pf -w>0 and XY
< X°. The income effect dominates and these households do not have to produce
beyond the point where the returns to labour is negative in order to ensure food security.
Alternative sources of income would be important in ensuring food security.

Diversification of risk would improve production levels and improve marketed surplus.

CASEIV:n>0,X”<Sandr(1--X?U) >0

<
X”;Xc as 1

ANV
H
A
=
|
>
g
-

If 5 is large enough (greater than 1) then pf -w > 0 and XV < X€, In this case the
good is a luxury. The household is a net purchaser of the commodity. The income

effect dominates the consumption effect and the household’s food availability will depend
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on its purchasing power in the market place. The household’s ability to grow its food
could be improved by its diversifying the risks it faces. However, if # is small enough
then pf -w < 0 and X" > X€. The commodity is a necessity and the consumption
effect dominates. Therefore, the household’s ability to meet its consumption

requirements depends on alternate sources of income.

Table 4.1: Summary of Effect of Price risk on Household Food Availability by Type of

Household
NET SELLER NET BUYER
(CASE 1) (CASE IV)
Normal good (p > 0) Xc¢ 5 xv¢
XY =X¢ as
>
Vo b = __X_U
in « r(l S)
(CASE 11l) (CASE 1)
Inferior good (p < 0) < X° <« x¢
XV =Xx¢ as
>
<
1ot = ] X%-S
e > r( ) )

The above cases (which are summarized in Table 4.1) show that it is not just the
existence of risk that effects household food availability but also the household’s response
toward the risk. The household’s response to the risk will depend on its attitude toward
risk, its degree of subsistence orientation and the income elasticity of demand for the

good which it also consumes. These cases also show that it is not always the case that
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aiding the household in diversifying the production risks it faces (from the production
side) will lead to improved production and therefore improved household food
availability. In the Rwandan case, the goods to be studied include sorghum, maize and
potatoes which are normal goods. Income elasticities for staple foods in the study area
are positive (Von Braun et. al. 1991:66). The average value of subsistence orientation
(S/X"Y) over all households is 69% (Ibid:38). Therefore, it is hypothesized that Case I
or Case IV is representative of the situation in Rwanda. The pattern of risk attitudes will
have an effect on the households’ decision to become more commercialized and to adopt

new technologies.

4.4 The Model under Price and Production Risk

In order to include production and price risk some simplifying assumptions are
necessary so that meaningful results can be derived. Households are assumed to be price
takers. Market prices are determined when market demand (Q) equals market supply

(3, %,), such that 0 =0(p) = ¥ X, where X,=f,(L), i=1..n households. Market

prices are therefore, a function of market level demand ( p(Q) ). Define risky revenue
(where quantities are the source of variation) as R’=p’(Q)f’(L) with expected value

R=pf(L)+cov(p,f)’. All other inputs are surpressed because they are assumed to be

In Rwanda, isolated markets resulting from poor roads, and
high transportation costs, contribute to transaction costs.
As a result, regional output is highly negatively correlated
with regional prices. In addition, there is also a high
positive correlation of output across households. This
means that production shocks (such as droughts) within a
region effects all households in the same way (see Loveridge
1986).
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constant for simplicity. The marginal value product of labour is R’ =pf| (L) with
expected value equal to R, =pf, +cov(p,f,). The second and third moments of revenue
may be defined: var(R)=E[(R’- R)’] and sk(R)=E[(R’- R)’] respectively’®. Then the

derivative of each moment with respect to labour may be defined as follows:

d (R)
L;L— = 2(E[(R" - R) (R, - R)])
= 2cov(R,R;)
and
0sk (R
SaL L = 3(EL(R' - RI*(R, - R))
= 3sk(R,R,)
From the first order condition (6i), )
_ EU,
Pt - . _ Eu,(p't!, - pf)))
pL, EU,pf,

A Taylor series expansion of (9) about the mean level of output (X) yields (11) (see

Appendix 4.2).

Variance (second moment) is the measure of dispersion about
the mean. Skewness (third moment) is the measure of the
degree and placement of dispersion relative to the mean. A
positively skewed distribution is characterized by more
dispersion above the mean. Whereas, a negatively skewed
distribution is characterized by more dispersion below the
mean.
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(10)

pr-W: - €’1 ﬂ! +ﬂ}
oF, I{B( - )+ s (1 r) cov(R,R;)

A fom o

€

The first term on the right hand side of equation (10) is a measure of risk
aversion whereas the second term is a measure of aversion to downside risk. The
measure of relative downside risk aversion is represented by d. If d=0, e=1 or
sk(R,R,)=0 then only the second moment is important in determining the marginal risk
premium. In this case, if the price elasticity of demand is one, then the income effect
is zero since a change in output has no effect on revenue. However, the consumption
effect would determine the amount of family labour employed on the farm and therefore
the level of production.

The risk coefficients in the above derivations are based on expected utility. In
order to relate these measures to the utility function, Antle (1987: 514) derives the
following conversion factors which are based on the assumption that EU, is a second

-U U, . .
U“’y, DS=Tm'Y with ApP=-2r ,Ds=6d. AP is the
Y Y

order approximation to Uy: Ap=

Arrow-Pratt measure of relative risk aversion and DS is the measure of downside risk
aversion.

In the case of price risk the income effeét denoted the change in income when
price changed and was measured by the coefficient 5. In the present case (of production

and price risk) the income effect denotes the change in income when output and therefore
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prices change: p(-‘;—l) . This effect depends on the price elasticity of demand for the

good produced by the household. The consumption effect reflects the change in

consumption required to keep marginal utility constant following a change in the quantity

produced: %’(1-{}) The interpretation of each effect is the same as that of price risk

only. However, in the present case, the income effect is positive if the price elasticity

of demand is elastic and zero or negative otherwise.

4.5 The Effect of Production Risk on Household Consumption and Labour
Allocation

This section outlines the structure of relationships that will be used in studying
the effect of production risk on consumption. In the process, some general hypotheses
will be developed concerning the way in which risk impacts on household consumption
and labour allociation. These hypotheses will form the basis for the empirical model to
be estimated for Rwanda.

Assuming production and consumption decisions are interdependent, and using the
results of the first order condition (6i and 6ii), the following reduced from may be
estimated for the staple (S), and leisure (1).

S=S(p,ps,W,var(R),sk(R),Y)

1=1(p,ps,w,var(R),sk(R),Y)

where, Y=wT + II(P,var(R), sk(R),K) + I. Y represents full income which is a
function of the risk measures (var(R), sk(R)), P is a vector of prices (p, ps, W), I is non-

labour income or savings, T is the stock of labour time available to the household, and

83




K is the fixed input to production.
The effect of risk on household labour allocation may be discerned by using (61)
and 6(vi) and substituting EU,; and EU, for EU,. This yields:

an
pf, EU, _ cov(U.pf))

®  EUy WEU,

where, @ is the shadow value of labour allocated off-farm. Let m represent the marginal

rate of substitution between family labour allocated on-farm (L) and off-farm (OF) so that

EU,

OF

ms

. Then one can write m as a function of the relative price between farm and off-

farm labour (which will be referred to as the terms of trade between farm and off-farm
labour -- TM), and the marginal risk premium with respect to family labour employed
on the farm (MRP,). The term on the right hand side of equation (11) represents the
MRP;. This marginal risk premium is also a function of the terms cov(R,R,), sk(R,R)),
var(R) and sk(R). Therefore, one can write:
m=m(TM, var (R) , sk(R) ,cov(R,R;) , sk(R,R;)) .

The model therefore is comprised of the following equations:
S=S(p,ps,w,var(R),sk(R),Y) household food demand
1=1(p,ps,w,var(R),sk(R),Y) household leisure demand
m=m(TM,var(R),sk(R),cov(R,R,),sk(R,R;)) " household labbur allocation.

An increase in TM means an increase in the productivity on-farm labour (pf,)

relative to off-farm labour (#), therefore, relatively more labour will be allocated on the

farm: %> 0. The effect of an increase in the level of risk and downside risk on labour
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allocation between farm and off-farm activities depends on whether family labour is risk
and downside risk increasing or decreasing. If family labour is risk decreasing in farm
production then cov(R,R,) will be less than zero and an increase in risk will lead to more
labour allocated on the farm. If family labour is downside risk decreasing then sk(R,R,)
will be positive and an increase in downside risk will lead to more labour allocated
toward on-farm activities.

Let P; be an element in the price vector P with elements (p,ps,w) and X; be an
element in the vector X with elements (S,1), E is total household expenditure.
The comparative static effect of a price change in the presence of risk on household
consumption may be derived as follows (see also Singh, Squire, and Strauss 1986):

(12)

oX; .
9P,

i

a_X| + _aXi .ﬂ
oP,'™  dY OP;
where for a given level of time T available in the household, and a fixed level of non-

labour income. Certainty equivalent income is defined as Y = ¥ - Varz(R) r- SkG(R) a

and it is assumed that households maximize certainty equivalent income but, choose the

level of consumption such that expenditures equal expected income. The risk premium

is rp = _-422 var(R) - -Ds—ssk(R), where AP is the Arrow-Pratt measure of risk aversion

and Ds is the measure of downside risk aversion. The effect of price on certainty

equivalent income may be represented as :
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e _ 3Y _ (AP dvar(R) _Q§65k(R)}
op op {2 dp 6 Op

An increase in price may increase (decrease) the risk premium (rp) depending on whether

a"a;p (R)  2X I‘) R) If the household has protection against downside risk, then %%’w

and the income effect is more positive or less negative. The partial derivative a%’ is

also analogous to the compensation required to keep marginal utility constant when price
changes (see Appendix 3.2).

The first term on the right hand side of (12) gives rise to the usual consumer

result:
(13)
fﬁ| . _"ﬁ|_ _ 98 9%
op;'~ op;'V OP; dY
and substituting (13) into (12) yields,
(14)
o, O, op O | 3K, O
or, dp;'Y op, 9y 9Y 9P,

which is the usual result of the effect of prices on consumer demand. Table 4.2
summarizes the results for the effect of prices on household consumption of S and 1. The
subsitution effect is the same as in the usual model of consumer decision making. The
income effect, however, is made up of two parts: the usual income effect arising from
a change in expenditure when prices change and an additional output effect which
impacts on income. Therefore, sign of the net income effect depends on whether the

household is a net seller or buyer of the good in question and on the level of risk and the
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household’s attitude toward this risk. In the case of a normal good, the income effect
is negative if the household is a net buyer. If the household is a net seller, the sign of
the income effect depends on the magnitude of the effect of price on the risk premium
relative to the effect of price on the net marketed surplus effect. If the risk premium
effect outweights the net marketed surplus effect then the income effect is negative, other
wise it is positive. Assuming the household is risk averse, the total effect of a price
change on the good consumed will be negative if the household is a net buyer or
completely self-sufficient. The total effect will be ambiguous if the household is a net
seller, and will depend on the sign and magnitude of the income effect.

If one considers the transaction costs which drive a wedge between the prices
households pay and receive for the goods they produce then the income effect of a
change in the price paid by the household is greater than the income effect of a change
in the price received by the household. This can be seen from the following illustration.
Following Goetz (1992), the link between prices paid and recieved by households for the
good they both produce and consume may be represented as:
ps = p*(1+7) for buyer a household,
ps = p/(1+7) for seller a household.

In this case, the output effect of a change in the price paid by the household, which

differs from the output effect arising from a change in the price received by the

household ( %% -g% = Qg—i), may then be written as:

on dp

P Opg

&

for buyer households,

m'm
=i

- P
1+t

QD

Y
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¥

dp 8S_ as
b 35, 3% 0+ for seller households.

QD

Similarly, the expenditure effect of a change in the price received by the household will

now be different from the usual expenditure effect without transaction costs

0E 3S _ L 05,.
( oy Sﬁ)-
0E 9Ps 3s _ as
P 3 57 S(1+1) ! for buyer households,

dE psds_ S as
. 3 o7 (Te) oY for seller households.

The effect of risk on household consumption of the subsistent crop and on the

level of leisure was estimated in a similar manner:

(15)

Svar @ - dvar®@ ' T 7Y Bvar(®

dvar (R) v = dvar (R) 7 - dvar (R) oY

The effect of risk on certainty equivalent income may be derived as follows:

ey _r_var(R) or .
P TI 5 var (@)’ for a mean preserving spread and
e _ _d_sk(R) _ad — : .
v T g e = for a mean-variance preserving spread (Menezes, Geiss

and Tressler 1980). If one assumes that the household chooses expenditures such that
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it is equal to expected income then 95 ) will be equal to zero.” The derivative

dvar (R

dvar (R) 'Y

may be evaluated by dividing it into two parts (see Appendix to Chapter 3):
(16)
0X; 0X; 0X;

au.
2 | lp. + == =——
dvar (R) 'Y  dvar(R) '"r  9U, dvar (R)

The left handside of the above equation is analagous to the Hicksian substitution effect
and may be termed the general substitution effect. The first term on the right handside
is the specific substitution effect (see Phlips). The second term on the right hand side
is the compsensation required to keep the marginal utility of income constant when the

variance of production changes. Appendix 4.2 shows that % is the slope of the
Y

Frischian demand curves (which is the constant marginal utility of demand curve). The
second term on the right hand side of (16) is less than zero if X, is a normal good® and
may be looked upon as a income effect. For the good produced and consumed by the

household an increase in the variance of production yields:

E=Y=Yq + V512(R) r+ SkG(R) d
9F - 9Ycg + X, var(R) or
dvar (R) aovar(R) 2 2 ovar(R)
since
e  __r_ var(R) _or

dvar (R) 2 2 ovar(R)

From Appendix 4.2 (see also Besley):
N X Uy
SR
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17

s  _ as I, + ds  9Uy , 0S 0Ycp
ovar (R)  dvar(R) ' dU, dvar(R)  0Y ovar(R)

The first term on the right hand side is the specific substitution effect which is negative.
The other terms on the right hand side make up the income effect. The income effect
has two components: the compensation required to keep marginal utility constant and

the change in certainty equivalent income when the degree of variation changes. For

a normal good, the sign of the income effect depends on the sign of %%%. If the

household is risk averse (AP=-2r> (), and assuming F:I-’(T) 20 ° then production risk

will have an unambigous negative effect on the level of household consumption

ax;
( dvar (R) 0

Similarly, the effect of a change in the degree of downside risk (skewness) on the
level of consumption may be written as follows: (18)

0X; 0xX; 0X, ou,  0X; Yy

35K(B)  Gsk(R) % * 30, KB | OY G5k (R)

As in the previous case, the first term on the right hand side is the specific substitution
effect and is negative. The second term is the compensation required to keep marginal
utility constant, which unlike the previous case, is positive for a normal good. It is

assumed that increasing the skewness (or the probability of a low level of income) will

This implies constant or increasing risk aversion as the
variance in income increases.
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increase the marginal utility derived from a given level of income. In the Rwandan case,
it is assumed that the distribution of production will be positively skewed (sk(R) > 0)."°

The sign of the derivative O%er s less than zero, and —29__>o0. Increasing the

dsk(R) dsk (R)

positive skewness of the distribution in production increases the aversion to downside
risk. The result is that the effect of a decrease in downside risk (an increase in the
positive skewness) on household consumption is ambiguous. The sign of this effect
depends on the magnitude of the compensation required to keep marginal utility constant:

(19)

0x vo as i 9Uy | ox, 0X; 0Y

dsk (R) 30, 3sk(R) - |3sk(R) o * 5y sk (R) ek}

axik 0 as Xi_ U | ox, 0X;, Y

dsk (R) U, dsk (R) ¢ | 9sk (R) o, * 9Y 9sk(R)

(11)

The level of compensation depends on whether the household’s subsistence requirements
is above or below the probable level of production. Assuming sk(R) > 0, and given an
increase in the skewness (in other words, an increase in the probability of some low level
of production) will have different effects on the household’s marginal utility depending
on whether the household’s requirements are above or below the probable level of

production. If the household’s requirements are below the probable level of production,

A positively skewed distribution reflects the adverse
production situation in the study area (see also the study
by Antle and Crissman 1990:523 for the Philippines). This
means that the probability of a low level of production is
greater than the probability of achieving a high Tevel of
production.

91



then (19i) is the case. Therefore, increasing the skewness will increase marginal utility
to a greater extent than it would if the household’s requirements were above the probable

level of production (19ii would be the result in this case). Table 4.3 summarizes these

results.

4.6 Summary

This chapter has outlined the theoretical framework to be used in estimating the
effect of production risk on household consumption. The framework incorporates risk
in a static household model. The effect of price on household food availability depends
on whether the in question is a normal good and whether the household is net buyer or
net seller. It is expected that production risk will have an unambiguous negative effect
on household consumption. The effect of skewness on household consumption is
ambiguous and depends on how low the level of output to which the mass of the
distribution is concentrated. The effect of risk on labour allocation between farm and
off-farm activities depenst on whether family labour is risk and downside risk increasing
or decreasing. It is expected that if labour is risk increasing then an increase in the level
of risk will lead to less labour allocated on the farm. Similarly, if labour is downside
risk increasing then, an increase in the level of downside risk will lead to more labour

allocated to off-farm activities. These hypotheses will be examined in the Rwandan case.
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