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Foreword

Many countries have ambitious crop insurance programs to assist farmers
in coping with risks. On a global basis, several billion dollars are spent each
year on public subsidies for such programs. Given the high costs and the
alternative uses of these public funds, especially in developing countries,
there is a need to take a careful look at the benefits of crop insurance and its
alternatives.

The Inter-American Institute for Cooperation on Agriculture (IICA)
is involved in many aspects of agricultural development in Latin America
and the Caribbean. An important question IICA has tried to answer is how
credit insurance might assist farmers and agricultural lending institutions
to cope with the risks posed by new agricultural technology. In collabora-
tion with the governments of Panama, Bolivia, and Ecuador, IICA has ex-
perimented directly with credit insurance schemes and has provided tech-
nical assistance to a number of other Latin American and Caribbean
countries. This book draws heavily on 1ICA’s experience.

The International Food Policy Research Institute (IFPRI) has a
broad mandate for researching policies to facilitate increased food produc-
tion in developing countries, with the particular objective of alleviating
poverty. IFPRI’s research on risk in agriculture has included studies of
policies to enhance national food security, price stabilization schemes, and
strategies for managing risk at the farm level. This work has provided a use-
ful backdrop against which crop insurance is evaluated in this book.

A conference on crop insurance and agricultural credit, sponsored
jointly by IICA and IFPRI, was held at IICA’s headquarters in San Jose,
Costa Rica, in February 1982. Participants discussed the desirability of
government subsidies for insurance, and the impact of insurance on the
allocation of farm resources, the stability of farm income, and the lending
policies of agricultural banks. They presented detailed evaluations of crop
insurance programs in Brazil, Mexico, Costa Rica, and the United States

Xv



Foreword

and reviewed pilot insurance programs in Panama, Bolivia, Ecuador, and
Chile.

Selected papers from that conference plus papers commissioned to
summarize other countries’ experiences are the substance of this volume. It
is our hope that it will stimulate debate and research on the important topic
of crop insurance and that it will lead to improved policies for coping with
agricultural risks.

John W. Mellor
Francisco Morillo
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Introduction Peter Hazell
Carlos Pomareda
and Alberto Valdés

Problems associated with risks in agriculture are one of the reasons
that many governments intervene directly in agricultural product and fac-
tor markets. Risk-related interventions include guaranteed prices, subsi-
dized credit, and publicly provided crop insurance. Such interventions can
be expensive, both in their cost to the national exchequer and in their ef-
fects on aggregate resource allocation. Even then, they may not be effective
in achieving their goals. This book is addressed to the question of whether
and how governments should intervene in providing formal risk-sharing
institutions to assist farmers. It is particularly concerned with crop insur-
ance and in providing guidance as to when it is a relevant public policy
intervention and how it can most effectively be used.

The Problem

Agricultural production is typically a risky business. Farmers face a variety
of price, yield, and resource risks, which make their incomes unstable
from year to year. In many cases farmers are also confronted by the risk of
catastrophy. Crops and livestock may be destroyed by natural hazards
such as hurricanes, floods, fire, and drought. The farmer or his family can
also be disabled by accidents, sickness, or death.

The types and severity of the risks confronting farmers vary with the
farming system and with the climatological, policy, and institutional set-
ting. Nevertheless, agricultural risks seem to be prevalent throughout most
of the world. They are particularly burdensome to small-scale farmers in
developing countries. There is also strong evidence that farmers are typi-
cally risk-averse (for example, see Binswanger 1980 and Hazell 1982), and
that they seek to avoid risk through various managerial and institutional
mechanisms. For example, they may diversify their crops, favor traditional
techniques over modern technology, and enter into sharecropping ar-
rangements. The incidence of risk and risk-averse behavior in farming is
important to policymakers for three reasons.

First, fluctuations in farm incomes, and particularly the risk of cata-
strophic losses, may present welfare problems for rural people. For the

1
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households operating small farms in developing countries, these losses can
too easily translate into misery and malnutrition. They can also cause dis-
tress sales of farm assets, with deleterious consequences for farm recovery
and long-term agricultural growth. Poorer farmers may even lose their
land in catastrophic years because of indebtedness to local moneylenders.
There are also spillover effects on other rural households. Destroyed crops
reduce employment opportunities for the landless and limit sales by agri-
cultural merchants and agroprocessors. Reduced farm incomes also have
multiplier effects on the producers and traders of rural consumer goods
and services.

Second, because farmers are typically risk-averse and seek to avoid
risks through management practices, the average returns to their resources
are reduced. This not only reduces average farm incomes, with immediate
welfare ramifications, but it also leads to smaller supplies of the riskier
agricultural commodities. These may be important food or export crops,
and curtailment of their production can affect consumers’ welfare directly,
as well as reducing foreign exchange earnings. It also leads to a lower na-
tional income.

Third, farmers exposed to severe risks are more likely to default on
bank loans, particularly in years of natural catastrophes. The provision of
subsidized farm credit through agricultural development banks (ADBs) is
a cornerstone in the development strategy of many countries. However, the
performance and long-term viability of ADBs can be severely impaired by
poor loan collection, particularly if many farmers default at the same time
because of a common catastrophe. The problem is accentuated when
ADBs deliberately target a generous share of their lending portfolio on
small-scale farmers, since such farmers are least able to withstand cata-
strophic losses without defaulting.

Given these concerns, should governments intervene by providing
formal risk-sharing institutions to assist farmers? Risk-sharing arrange-
ments aim to reduce the burden of risk for the individual farmer. This can
be brought about in two ways. One, by transferring the risk to other indi-
viduals or institutions, who are better able to bear the risk or who are less
risk-averse. Two, by pooling risks across regions, crops, or other sectors of
the economy, to take advantage of less than perfectly covariate risks. Effi-
cient risk pooling reduces the total risk burden to society and may benefit
farmers even if they have to pay the full cost of the risk-spreading
mechanism.

Risk-sharing institutions are more widely available in developed
countries. Farmers can borrow credit for production or consumption pur-
poses to ease the transition from bad years to good. In most cases, they also
have access to a variety of privately provided insurance against specific
types of risks (such as fire, accident, and theft). They may even be able to
trade in commodity futures markets.

2
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In developing countries, these kinds of institutions are usually rudi-
mentary, and they may effectively not exist at all for small-scale farmers.
Nevertheless, a range of informal risk-sharing arrangements has often
evolved. These include share-tenancy contracts, traditional money lend-
ing, and risk sharing within extended family networks. A major limitation
to these arrangements is that the participants tend to come from the same
region, or even the same village, and hence face much the same risks. The
arrangements do not therefore pool risks as efficiently as those that span
regions or sectors of the national economy, such as a nationwide crop in-
surance scheme.

Risk management interventions have proved costly to governments,
and they have not always been effective. Before embarking on such inter-
ventions, it is desirable to begin with a clear understanding of what is to be
achieved, for whom, and of the alternative means available.

In this book we assume that the primary objective of crop insurance
is to help stabilize farm incomes, particularly in disaster years. This objec-
tive might be justified on welfare grounds, or on the basis of efficient use of
resources, or to increase loan recovery rates for ADBs. Stabilizing farmers’
incomes will also help stabilize the incomes of other rural households, such
as the producers and traders of local consumer goods and services. How-
ever, it may do little to help landless workers or agricultural merchants and
processors, since the demand for their services will still decline with a de-
cline in farm production. If these groups are to be assisted, then more
direct types of intervention may be required, such as food-for-work
programs.

Given the objective of stabilizing farm incomes, a government typi-
cally has several policy options, depending on the kinds of risks involved.
Some risks can be tackled directly. For example, production variability
arising from unreliable fertilizer deliveries can often be resolved by consis-
tent import policies and improved transport and storage systems. Like-
wise, some weather-related risks may be diminished through irrigation,
which also contributes to increased production. Many risks lie beyond di-
rect government control and can only be offset by compensating farmers in
bad years. If price fluctuations are the primary cause of income fluctua-
tions, then price supports or price stabilization schemes may be the best
approach. A well-functioning credit market can also help tide farmers over
from poor to good years. Crop insurance works best when yield risks are
the primary source of fluctuations in income, and particularly when there
is the risk of catastrophic yield failures.

The main purpose of this book is to clarify the role of public risk
management policies, particularly of agricultural insurance, to deal with
the problem of unstable farm incomes. Since there are usually alternative
means of coping with risks, crop insurance is evaluated in this book within
the context of its interplay with credit markets and price policies.
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The book has three sections. The first discusses the determinants of
the demand for insurance by farmers and by suppliers of farm credit. The
second section discusses insurance and public policy based on a welfare
economics approach. It includes empirical evaluations of programs in
Mexico, Japan, and Australia. The third section reviews in depth the crop
insurance experiences in the United States, Japan, and Brazil. These expe-
riences and those of other countries provide lessons about the design and
management of agricultural insurance programs. The book concludes
with an epilogue about the role of crop insurance as a public risk manage-
ment policy.

Farmers' Demand for Insurance

The argument for publicly provided crop insurance assumes that existing,
privately provided risk-sharing arrangements are inadequate for farmers.
If they are not, then publicly provided insurance may simply substitute for
existing private arrangements in much the same way that public buffer
stocks sometimes displace private storage. It is therefore essential in any
economic evaluation of publicly provided insurance to begin with an as-
sessment of the risk-sharing alternatives already available to farmers.

Traditionally, farmers have evolved several ways to deal with disas-
ter: selling part of their assets (such as livestock), using on-farm stocks and
family savings, and seasonally migrating to places where there is work,
sending money to those who stay on the farm. These are described by
Walker and Jodha in chapter 2 for farmers in India, Tanzania, and El
Salvador. However, the effectiveness of occupational mobility and access
to nonfarm incomes in offsetting farm income losses depends largely on the
covariance between agricultural and nonfarm income within and across
regions.

The effectiveness of risk adjustment by smalil-farm households is
largely an empirical issue. However, the concern is that the risk/loss man-
agement mechanisms available could be very costly in terms of farm sur-
vival. Restoring the productive capacity of a farm is a slow process, and the
growth and equity implications of severe setbacks should be explicitly con-
sidered in the assessment of public policy.

The obvious alternative at the farm level is the use of risk-preventing
techniques, which include resource and enterprise diversification and ad-
justments to husbandry techniques within cropping systems. Crop diversi-
fication, intercropping, and flexible input use are the best-known practices
to reduce production risk. Walker and Jodha found strong evidence that
tenancy has also actively been used in rural south India to spread produc-
tion risks both within and between cropping years. They also explore the
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implicit insurance implications of fixed rentals, crop sharing, and other
forms of leasing in India.

Because crop diversification is such a dominant strategy in risk pre-
vention, its implications in terms of the demand for insurance are studied
in detail. Using farm planning models, the study by Hazell, Bassoco, and
Arcia (chapter 3) measures the income forgone due to crop diversification
and relates this cost to the premium farmers would be willing to pay for
insurance. While their main contribution is the provision of a model to
evaluate crop insurance schemes at the farm level, their analysis does pro-
vide important empirical results for Mexico and Panama. The study shows
the need to evaluate crop insurance schemes simultaneously with the
farmer’s other decisions and to take formal account of covariances be-
tween activities. Both elements turn out to be surprisingly important. In
terms of implications for insurance, the results for Mexico show that crop
insurance for maize and beans would require a subsidy of two-thirds or
more of the total cost to be attractive to farmers in the rain-fed areas. The
results for a high-risk region in Panama are more encouraging for insur-
ance. However, results for other regions more representative of Panama-
nian agriculture suggest that farmers would not pay the full cost of
insurance.

Credit Markets and the Demand for Insurance
by Financial Institutions

The case for crop insurance depends not only on the direct benefits of in-
surance but also on the potential indirect impact on credit markets. In
rural areas, credit markets are incomplete. That is, there is credit ration-
ing in the sense that many potential borrowers have little or no access to
credit from formal institutions at prevailing interest rates. Most of the re-
strictions in the capital market grow out of the high degree of uncertainty
in agriculture (Johnson 1947, p. 147), and the problem is most serious for
the farmer who cannot offer collateral, which is the prevalent situation for
many low-income farmers in developing countries. Insurance could lead to
an extension of the credit market to these borrowers by acting as a partial
substitute for collateral. In fact, Binswanger (chapter 4) argues that a ma-
jor source of demand for crop insurance may come from financial systems,
which are unable to adjust the terms of their credit contracts to the high
cost of lending to particular groups.

The extent to which there is a trade-off between crop insurance and
collateral for credit (for honest borrowers) in reducing imperfections in the
credit market is a central issue. However, whether banks are able to collect
collateral in the event of default is an open question. Collection is particu-
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larly unlikely if the value of the collateral is automatically reduced by mar-
ket forces when a catastrophic loss affects a large geographic area. Public
banks may also lack the political strength to collect collateral after a wide-
spread catastrophe.

Binswanger conducts a rigorous conceptual analysis of credit mar-
kets in rural areas. He concludes that the information and incentive prob-
lems plaguing markets for crop insurance are basically the same as those
affecting rural credit. The total transaction costs (which include adminis-
tration costs and losses due to moral hazards) are high in both agricultural
credit and insurance operations. To a large extent, this is the result of in-
sufficient information about individual farm risks, which would permit ho-
mogeneous grouping of farms and accurate measurement of the risks of
each group.

In chapter S, on credit to small-scale farmers from public institu-
tions, Von Pischke concludes that credit rationing is to a large extent the
result of inherent weaknesses in public credit institutions. These official
programs usually do not have the flexibility to adequately diversify their
loan portfolios across crops, regions, and types of farm. They are also often
required to promote development goals through credit programs that do
not relate the loan size to a borrower’s repayment capacity. Von Pischke
concludes that these negative features are common in official credit insti-
tutions and that they are likely to apply to official crop insurance schemes
as well. This leads him to believe that the potential effect of crop credit
insurance on lending institutions may not be large. In fact, in the context
of credit projects, there is the risk that credit insurance for crops will be
little more than a transfer mechanism, relieving losses for the bank at the
expense of the insurer.

Pomareda (chapter 6) examines the effectiveness of crop credit insur-
ance in improving loan recovery and returns, and therefore bank perfor-
mance. Using a fixed interest rate scenario, he predicts that credit insur-
ance has the potential to improve bank earnings and growth, at least when
insured risks are the initial cause of default. The gains from insurance to
the banks arise from reduced collection costs, from more prompt repay-
ment and loan turnover, and perhaps from more efficient use of bank
staff. Pomareda supports his arguments with an empirical evaluation of
the benefits of crop credit insurance to the performance of the Agricultural
Development Bank of Panama. Interestingly, though, he also finds that
almost identical benefits to this bank could be achieved by simply increas-
ing the interest charge on its loans by 2 percent. This alternative would
lead to selection of a different clientele, but it would be less expensive to
farmers and the government. In fact the extra 2-percent interest charge is
considerably less than the necessary premium rate to cover the administra-
tion costs of insurance. While these are results from one case, which can-
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not be generalized, Pomareda’s modeling approach to bank portfolio man-
agement could be applied more widely.

Insurance and Public Policy

Critics of crop insurance programs claim they have two major shortcom-
ings. First, they usually cover only yield variation and not price variation,
which limits their contribution to income stability. Second, writing insur-
ance contracts for large numbers of small farms and carrying out inspec-
tions is very costly.

The fact is that, with few exceptions, farmers in both developed and
developing countries have been unwilling to pay the full cost of all-risk
crop insurance. However, there are many examples of farmers paying the
full cost of insurance against some specific types of risks, such as fire
and theft. Consequently, most all-risk programs remain public sector
schemes. Their management is often subject to political pressure regard-
ing premiums and coverage, and the programs are often used as a mecha-
nism to transfer income to farmers. Countries such as the United States,
Japan, Brazil, Sri Lanka, Mauritius, and Mexico have several decades of
experience with publicly supported crop insurance programs.

The provision of insurance involves real service costs, whether they
are met by the insured or by government subsidy. These may be particu-
larly high when the insurer faces difficulties with moral hazard and adverse
selection. Both tend to be pervasive in agricultural insurance. Moral haz-
ard arises if farmers become less conscientious in trying to avoid damage
because they find it easier to rely on insurance compensation. Adverse se-
lection refers to the phenomenon of attracting mainly farmers who have
higher-than-average risks relative to the premiums charged. The problem
arises if the insurer cannot easily determine the actuarial risks they are
insuring against at a sufficient microlevel and if policies for farmers who
face diverse risks are written with the same premiums and indemnities.

Using a welfare economics approach, Siamwalla and Valdés (chap-
ter 7) examine the argument for public intervention in crop insurance. If
there is a divergence between social and private returns because of sub-
stantial externalities, then private firms may have insufficient incentive to
engage in this activity, and crop insurance should be subsidized. After ex-
amining several possible externalities, Siamwalla and Valdés conclude
that subsidies can more easily be justified during the initial phases of an
insurance program. Data for the calculation of premium rates and amount
of coverage are difficult to obtain at first, and mistakes are inevitable. Un-
til the insurance program reaches a critical size, it may also be difficult to
adequately spread its risks or to build up the necessary reserves to survive a
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run of bad years. A subsidy in the initial phases can help overcome these
problems. The government can also usefully provide the necessary reinsur-
ance, or guarantee, to insure the survival of the program. The danger of
course is that a subsidy may prove difficult to remove after its initial pur-
pose has been served. The United States, for example, still subSIdlzes its
crop insurance program after nearly fifty years!

The question of public subsidies for agricultural insurance has been
a hotly disputed issue. Of the larger schemes, public subsidies range from
a low of 25 percent of indemnities in the United States, to S0 and 80 per-
cent, respectively, in Brazil and Mexico. Siamwalla and Valdés conclude
that subsidies of these amounts cannot be justified solely in terms of the
risk-reducing advantages of crop insurance.

Empirical evaluation of the social costs and returns of publicly subsi-
dized crop insurance requires measurement of the effect of risk reduction
on supply response. That is, insurance supposedly reduces risk for farmers
who, being risk-averse, are then willing to expand production because it is
then less risky. It is this risk-response effect that leads to the major social
gain from crop insurance. There are two possible approaches to measuring
this effect, one using mathematical models and the other based on econo-
metric measurement. These approaches are illustrated in a tentative and
rather pioneering way in chapters 8 and 9.

Using a sectorwide mathematical model that incorporates risk-
averse behavior, the study by Bassoco, Cartas, and Norton (chapter 8) at-
tempts to provide a quantification of the aggregate economic effects of
Mexico’s crop insurance program. These effects are measured in terms of
changes in social welfare, producer income, sector income, employment,
output, prices, consumer surplus, distribution of agricultural income, and
other variables. The study finds that the social benefits of compulsory crop
insurance in Mexico are negative, even before the cost of the subsidy is
taken into account. This is because the economic gains from risk sharing
are too small to offset the share of the administration costs paid by
farmers. In fact, the insurance program leads to a net leftward shift in the
aggregate supply. This shift proves beneficial to producers in the short
term because of price increases induced by generally inelastic demands.
Interestingly, the insurance subsidy worsens the distribution of agricul-
tural income, because the large-scale farmers benefit most. Insurance
leads to modest increases in aggregate employment.

Japan is another case where publicly provided crop insurance has
been operating for several decades. It is also well documented. In
chapter 9, Tsujii estimates an econometric model to provide a social cost/
benefit analysis of the Japanese rice insurance program. This program is
compulsory for all but the smallest-scale rice growers. However, farmers
have some choice in selecting coverage rates per hectare, and therefore a
choice in the premium rates they pay. So there is sufficient variation in the
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data to permit estimating an econometric model incorporating risk-
response behavior in the aggregate rice supply.

Tsujii finds that the subsidy of Japan's rice insurance is so large that
on the margin it has negligible effects on supply. In fact, if the subsidy rate
per hectare were increased by one yen, this would lead to only about a 24-
metric-ton increase in national rice production. Since about 2.6-million
hectares of rice are insured, this means that an increase in the total subsidy
of 2.6 million yen would lead to a net increase of 24 metric tons of rice.

Tsujii also argues that the insurance program results in large income
transfers to farmers. Yet, paradoxically, the family income of paddy
farmers is greater than that of urban workers. Tsujii concludes that the
program has had a low payoff in terms of aggregate social welfare in recent
years. Perhaps the insurance program made sense immediately after the
Second World War, when Japan was desperately short of food and the
countryside was ravished. However, today, in a highly urban society, the
nature of the risk problem has changed.

Australia, another particularly important case, is presented most lu-
cidly by Lloyd and Mauldon in chapter 10. Agriculture is an important
sector in the Australian economy, and it is subject to wide output fluctua-
tions. It has a rich institutional setting, which has evolved in the presence
of active research and public debate on policy alternatives to deal with risk
and rural income fluctuations. Several attempts have been made to intro-
duce commercial multiple-risk insurance schemes to Australia, but with
little success. The basic problems are a scarcity of information to deter-
mine the relevant risks, the high risk of catastrophy, and problems in-
volved in defining hazards and damage.

Until the mid-1970s, the principal policy approach to stabilizing in-
comes was to stabilize commodity prices. These schemes provided consid-
erable price assistance to farmers but had little impact on stabilizing their
incomes. Since then, there has been a shift in emphasis toward instru-
ments that operate directly on the income and cash flow of individual
farmers. Several specific proposals have recently been made by the Austra-
lian Industries Assistance Commission, of which rainfall insurance and
variable amortization schemes for credit are perhaps the most important
(although they have not yet been implemented). An income equalization
scheme has been implemented, using the income tax system, but the po-
tential for its use in developing countries is limited given their lack of effec-
tive income tax systems for farmers.

The direct use of price policy to tackle the risk resulting from large
and frequent price movements is an integral part of risk-management pol-
icy. Price schemes can be coordinated with output insurance to reduce in-
come risks. In fact, this coordination is essential if prices and yields are
negatively correlated, since stabilizing one alone would increase the vari-
ability of farm income.
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In developed countries with sophisticated commodity markets, the
price risks facing producers can be effectively diffused through forward
contracts, futures markets, or a combination of the two. However, in de-
veloping countries, such complex markets usually do not exist, and there-
fore price risks, and the risk premiums that result, must be regarded as an
excess burden. Developing risk-diffusing institutions to manage price risks
is a slow process, taking decades. Governments therefore have to be con-
cerned with possible shortcuts in institutional innovations during the tran-
sition to forward and futures markets.

In chapter 11 Siamwalla proposes interim price intervention to coun-
teract this risk problem. The scheme applies only to annual commodities
traded internationally. It consists of a guaranteed price for the crop, an-
nounced at planting time and enforced through a variable trade tax or sub-
sidy. Although such proposals have a long history, the novelty of Siamwal-
la’s analysis lies in his discussion of its implementation under different
scenarios with respect to fluctuations in world prices.

The best solution to the problem would be to make a supplementary
payment or impose a supplementary tax to adjust producers’ incomes to
what they would be if they faced no price risk. However, given the difficul-
ties of taxing farm incomes in developing countries, Siamwalla concludes
that the price risk problem justifies some direct government intervention.
While subject to some drawbacks, his proposed scheme is a clear improve-
ment over the ad hoc measures prevailing in most developing countries for
reducing agricultural price risks.

The Experience with Crop Insurance

Countries such as the United States, Japan, Brazil, Sri Lanka, Mauritius,
and Mexico have several decades of experience with publicly supported
crop insurance programs. Part III includes an evaluation of the programs
in the United States, Japan, and Brazil.

The U.S. government became involved in crop insurance in 1938 af-
ter several attempts in the private sector failed to provide multiple-peril
crop insurance. Gardner and Kramer (chapter 12) pinpoint the main rea-
sons for the failure of private efforts: too broad a coverage of risks, insuffi-
cient data for sound actuarial appraisal, group coverage inadequately tai-
lored to the risks confronting individual farmers, and contracts written too
late in the growing season.

Two aspects are particularly important in Gardner and Kramer's
analysis. The first is the demand for crop insurance in the United States,
which they find is related to both the premiums charged and the expected
indemnities. They find that it would take quite a large subsidy, probably
more than 50 percent of premiums, to get the majority of U.S. acreage
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enrolled on a voluntary basis. The second aspect is the effects of crop in-
surance, particularly on alternative risk-reducing activities, such as crop
diversification and expansion of farm size. It appears that insurance en-
courages crop production in marginal areas, but not dramatically. This is
true even in areas that had no federal coverage before the disaster pay-
ments program established in 1974.

The current Japanese crop insurance program originated in the Agri-
cultural Loss Compensation Law enacted in 1947. (It is reviewed by
Yamauchi in chapter 13.) At the time of its introduction, Japan desper-
ately needed to increase cereal production, and this necessitated encourag-
ing the expansion of rice production in riskier areas. Rice production was
dominated by small farms, many of whose farmers had become farm own-
ers under the 1947 land reform. Subsidized crop insurance was enacted on
a compulsory basis, partly to prevent new owner/farmers from reverting to
tenant status in disaster years through distress land sales. Also, the subsidy
was biased toward those farms located in the riskier areas. Yamauchi ar-
gues that the program was successful in attaining its objectives, though
several adjustments had to be made over time.

Originally, insurance coverage was based on the average yields for
each village. This failed to adequately protect high-yield farmers, while it
overprotected low-yield farmers. In response to widespread criticism, the
coverage was changed in 1957 to reflect the average yields of individual
plots. Farmers were also offered some flexibility in the amount of coverage
they purchased. As Japan prospered in the postwar period, many small
farms became part-time holdings, and crop insurance became increasingly
irrelevant to their needs. Since the insurance was compulsory, it became
necessary to increase each crop’s minimum growing area at which insur-
ance had to be purchased.

Brazil's national crop insurance program (PROAGRO) was estab-
lished in 1973 as a voluntary program to assist farmers in repaying their
loans in the event of certain natural disasters. It initially provided coverage
of up to 80 percent of the amount of a loan for a standard premium of 1
percent. Loss ratios (indemnities divided by premiums) were high and
climbed to 40 in 1975. The program has survived with the aid of large gov-
ernment subsidies. In 1980, the subsidy from the central bank represented
S8 percent of PROAGRO’s total revenues. In chapter 14, Lopes and Dias
attribute PROAGRO’s poor performance to three basic causes. First, the
low premium rate charged and the high cost of administration. They calcu-
late that the premium should not have been less than 6 percent. Second,
because the program was voluntary, it attracted only a few participants,
who tended to be high-risk producers. Third, the program was too special-
ized in wheat and upland rice.

A number of substantial changes have been made to PROAGRO
since 1980. The program now is compulsory for all farm production loans.

11



Peter Hazell, Carlos Pomareda, and Alberto Valdés

The premium increases with the proportion of the loan covered, the fre-
quency of claims, and the use of traditional rather than recommended
technologies. Finally, farmers can no longer claim indemnities for rice
when the crop is undersown with pasture, previously a common source of
abuse. Although the loss ratio declined to less than 3 in recent years, it is
too soon to determine if the scheme will attain financial solvency. Even so,
some variant of the program is likely to continue as part of the govern-
ment’s efforts to assist farmers and as a system for protecting the banking
system.

In contrast to PROAGRO is Sao Paulo’s successful insurance
scheme for cotton, in operation since 1939. The scheme is compulsory and
has operated with an average loss ratio of 0.96 for the last seventeen years.
One merit of state crop insurance (in Sao Paulo and Minas Gerais) is that
it shows the possibility of future transfer of federal programs to state agen-
cies or to private insurance companies.

There are important similarities in the evolution of crop insurance in
the United States, Brazil, and Japan. The three have gone through consid-
erable adjustments, learning from their own experiences. After heavy
losses in the beginning years, program administrators have introduced new
rules, including higher premium rates. Subsidies have been essential, and
they are provided by the government on the grounds of broad social objec-
tives. In Brazil, for example, crop insurance to some extent protects the
banks that serve agriculture, which allocate credit to farmers at negative
real-interest rates. To become self-financing, these programs would have
to raise premium rates substantially. However, as shown for the United
States and suggested for Brazil, this could cause such a drop in participa-
tion that the programs would have to be discontinued.

Managerial Issues of Agricultural Insurance

In chapter 1S5, Gudger and Avalos take the view of a practitioner called
upon to assist in planning during the initial operation of an agricultural
insurer. They use the Costa Rican experience to illustrate what frequently
goes wrong in the design and operation of agricultural insurance.

The question of whether crop insurance should be public or private is
important to raise, even if only to clarify the objectives and premises of
public programs. Gudger and Avalos conclude that the historical experi-
ence with multiple-risk insurance in the private sector is not encouraging.
There are a number of such programs in Switzerland, Chile, Spain, and
other countries. These schemes are characterized by small size, limited cli-
entele, and most critically, an inability to sustain catastrophic losses with-
out concessional reinsurance from the government. A new insurer must

12
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usually wait many years before it can purchase reinsurance commercially
to protect itself against truly catastrophic losses.

Interesting compromises are mixed-capital ventures, like Ecuador’s,
and nonprofit, mutual crop insurance, like Bolivia's. In the latter, what
began as a government institution is evolving toward a mutual agency, in
which the insured themselves are the owners of the company. All three
types of programs—private sector, mixed capital, and nonprofit
mutuals—have a rather short history, and thus their viability is not cer-
tain. However, they bear careful observation to see if they can indeed reach
a mass market, or if they will instead remain confined to relatively few
large-scale farmers.

In chapter 16, Pomareda explores ways in which improved financial
management can help reduce the cost of agricultural insurance. Pomare-
da’s analysis suggests that the premiums needed to cover indemnity and
administrative costs for all-risk insurance should be in the order of 20 per-
cent. This is high compared to nonagricultural insurance, and high rela-
tive to farmers’ demand for insurance. Crucial ways to reduce the cost of
agricultural insurance appear to be improvements in actuarial practices,
better management of investment portfolios, access to reinsurance, and
reductions in administrative costs. For the latter, the homogeneous-area
approach is a possibility, and rainfall schemes along the lines suggested by
Lloyd and Mauldon in chapter 10 are a logical extension of this approach.
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How Small Farm Households Thomas S. Walker
. N. S. Jodha

Adapt to Risk

An evaluation of crop insurance would be incomplete without an as-
sessment of the alternatives available to farm households. Many cropping
strategies and farming practices substitute for crop insurance by stabiliz-
ing crop revenue. Moreover, the stabilization of crop income does not nec-
essarily imply stabilization of consumption, as many households have op-
portunities to earn other income. The availability and effectiveness of
many of these risk-management alternatives are conditioned by public pol-
icy and determine the demand for crop insurance. The effects of public
policy on risk management by farm households frequently go unnoticed.
Policies that improve access to the land, labor, and credit markets might
be more cost effective than crop insurance in strengthening risk manage-
ment by farm households. So it is important to understand not only how
well farm households manage risk without crop insurance but also how
competing policies and crop insurance interact with traditional risk-
management measures.

Two questions are crucial to an assessment of the efficiency of small-
scale farmers’ adjustment to risk: (1) do the present risk-management
methods protect household consumption stability and preserve farm pro-
ductive capacity, and (2) does reliance on these options result in sizeable
losses in static or dynamic social efficiency? If the answers to these ques-
tions are yes and no, respectively, then the scope is limited for a public
policy such as crop insurance both to improve farmers’ risk adjustment
and to contribute to social welfare.

To respond to these questions, we first describe farmers’ risk man-
agement in three contrasting agroclimatic, socioeconomic, and institu-
tional contexts in South Asia, Central America, and East Africa. Such
comparative evidence is illustrative and not definitive; it only maps the
boundaries of what farm households do to manage risk. Second, we review
the evidence on how well traditional risk-management measures stabilize
household income, singling out spatial diversification, intercropping, and

The authors are grateful to Hans Binswanger, Peter Hazell, Bob Willey, and Jere
Behrman for preliminary discussions on this topic and to James Ryan and Matthias von Op-
pen for comments on the paper.
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tenancy. Last, we comment on the efficiency costs and the potential ad-
verse effect on equity of traditional risk-adjustment practices. Conceptu-
ally, these costs represent potential benefits from a public-sector risk-
management policy, such as crop insurance.

We focus on small farm households and yield risk. For farmers in
such households, particularly if they are subsistence oriented, yield risk is
a greater source of income variability than price risk. Also, crop insurance
as a public policy is explicitly but not exclusively directed at reducing yield
risk. Because of this orientation, our analysis applies more to rain-fed
farming, where yield risk is dominant, than irrigated farming, where price
risk is potentially the more important source of farm-income variability
(Barah and Binswanger 1982).

Traditional Methods of Risk Management

Farmers in agriculturally risky environments have evolved several mea-
sures to deal with production risk. These measures have been observed
with minor variations in several small farming systems in developing coun-
tries (Ruthenberg 1976, Collinson 1972, Norman 1974, Haswell 1973, and
Navarro 1977). '

Traditional methods of handling risk in small farm systems can be
divided into (1) routine risk-preventing or risk-minimizing practices, usu-
ally adjustments to production and resource use before and during a pro-
duction season; and (2) risk/loss-management mechanisms, which include
farmers’ later responses to lower-than-expected crop income caused by
natural hazards, such as drought.

Loss Management

When crop income falls short of expectations, farm income can be pre-
served through the sale of producer durables (livestock and machinery),
and through management of on-farm stocks and reserves.

Nonfarm income can also be a powerful force to compensate for
lower-than-expected crop revenue. Access to sources of nonfarm incomes,
occupational mobility, geographic mobility, and family remittances can
help stabilize household income and consumption. Their effectiveness in
offsetting farm income losses depends largely on the covariance between
agricultural and nonfarm income within and across regions. In Southeast
Asia many farm households derive a considerable share of total income
from nonfarm sources (World Bank 1982). In Mexico and Central Amer-
ica some small farm households receive remittances from a network of rel-
atives in the United States. Thus they are protected from the highly covari-
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ate nature of farm and nonfarm income, characteristic of small regions in
developing countries. Such covariance greatly reduces the prospect of find-
ing nonfarm employment in the same region that is afflicted with de-
pressed crop income. Production risks across regions may be less highly
correlated; hence temporary migration may be a more rewarding risk-
adjustment strategy than occupational mobility within a region.

Potentially important loss-management responses are presented in
table 2.1 for small farms in El Salvador, Tanzania, and India. In general,
such mechanisms are not as important in Tanzania, where man/land ra-
tios are lower than in India and El Salvador. Absence of a labor market
and imperfections in other markets force farmers in Tanzania to rely more
heavily on traditional crop-management strategies to cope with production
risk.

Risk Management

Risk-management practices embodied in cropping strategies can be subdi-
vided into those that relate primarily to diversification of resources and
enterprises and those that relate to adjustments within cropping systems.
Potentially important risk-management practices are also presented in ta-
ble 2.1.!

Farmers exploit vertical, horizontal, and temporal dimensions of the
natural resource base to reduce production risk. Planting on a topose-
quence is a mild form of vertical diversification, which allows flexibility in
production conditional on the timing and quantity of rainfall at planting.?

Spatial scattering offers scope for improving crop income stability to
the extent that production risks are not perfectly correlated across micro-
environments. Likewise, staggered plantings and sequential diversification
reduce variability to the extent that production risks are not perfectly co-
variate across time.

1. Inlooking at traditional risk-management strategies and practices, one can seldom
distinguish between those where risk and expected profitability are in sharp conflict and
those that are characterized by a lower variance in net returns and also higher average returns
when compared to other alternatives. A good example of a risk-efficient practice is doubling
maize; that is, breaking the stalk below the ear to facilitate field drying. Doubling and field
drying are so much more profitable than competing alternatives in El Salvador that they are
not included in our set of risk-management practices. If we had perfect information for a
decision analysis on the production practices listed in table 2.1, and on alternative courses of
action, we would not be surprised to find that for many environments and technology sets,
what seem like risk-management strategies and practices are also the most profitable alterna-
tives over time.

2. A more abrupt form is practiced by farmers in the mountain communities of the
Andes (Guillet 1981).
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TABLE 2.1

Risk/loss-management strategies, rain-fed small farms in northern El

Salvador, the Kilosa area of Tanzania, and the semiarid tropics of India

Loss-management strategies

Risk-management strategies

El Salvador

Informal mutual aid

Storage and recycling

Labor market participation and foraging
Public relief

Depletion and replenishment of assets®

Tanzania

Interlinked consumption and production
Public relief

Informal mutual aid*

Storage and recycling®

Depletion and replenishment of assets®
Labor market participation and foraging*

India

Interlinked consumption and production
Informal mutual aid

Storage and recycling

Linkages of agricultural factor markets

Depletion and replenishment of assets
Labor market participation and foraging
Public relief

Toposequential planting

Spatially scattered planting

Temporally diverse planting

Planting crop with insurance potential

Planting crop insensitive to temporal
variability

Mixed cropping and farming

Planting many seeds per hill

Splitting and skipping in input use

Toposequential planting

Spatially scattered planting

Temporally diverse planting

Planting crop with multiple uses

Planting crop with insurance potential

Planting crop insensitive to temporal
variability

Mixed cropping and farming

Plant spacing (thinning and gap filling)

Planting many seeds per hill

Splitting and skipping in input use

Spatially scattered planting

Planting crops with multiple uses

Planting crops with insurance potential

Planting crops insensitive to temporal
variability

Mixed cropping and farming

Plant spacing (thinning and gap filling)

Splitting and skipping in input use

Toposequential planting*

Temporally diverse planting®

*Action partially observed or empirical evidence lacking.

Crop-centered diversification is conditioned through the choice of
crops with varying maturity periods, differential sensitivity to environmen-
tal fluctuations, and flexible end uses of the main products and by-
products. Such diversification is often manifested through intercropping
by mixing seed and varying row arrangements.

Manipulation of plant populations in accordance with changing in-
formation on soil moisture, and input use dictated by emerging weather
conditions also introduces flexibility into management.
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India. The reliance on spatial diversification and crop diversification
is illustrated in table 2.2 for the semiarid tropics of India. The Sholapur
villages are located in a high-risk production environment, where cropping
primarily takes place after the rainy season on residual moisture. In con-
trast, the Akola villages are located in a more assured production environ-
ment, where rainy-season cropping is practiced. The data suggest that
both spatial and crop diversification are more widely employed in the more
drought-prone villages near Sholapur.

Tanzania. The Kilosa area of Tanzania offers an excellent bench-
mark of the influence of production risk on cropping decisions. The region
is characterized by short, uncertain rains from October to early December
and long, more certain rains from late January to the end of April. The
differences in cropping decisions clearly reflect greater insurance-oriented
practices during the season of short rains (table 2.3). For example, more
valley land is planted, and the incidence of intercropping, salvage crops,
and cropping near the compound is greater. The share of staggered plant-
ing is lower because these rains recede sooner than the long rains.

El Salvador. In El Salvador, several studies document the use of risk-
management practices by maize farmers. Hybrid maize is more likely to be
planted in pure stands in valley land, while local maize varieties, which
farmers perceive as more drought-tolerant, are intercropped with sorghum
or field beans on hillsides (Cutie 1975, Walker 1981). In northeastern El
Salvador, if the May maize planting fails, some farmers, in a rather des-
perate attempt to salvage something from the cropping year, plant a low-
yielding maize crop later in the rainy season (Rodriguez, Alvarado, and

TABLE 2.2 Weather risk and diversification strategies in two semiarid areas of India

Item Akola Sholapur
Weather risk
Annual average rainfall (millimeters) 820.00 690.00
Probability of favorable soil moisture in rainy season .66 33
Spatial diversification
Scattered land fragments per farm 2.7 S.8
Split plots per farm 5.0 11.2
Fragments per farm by distance from village
0 miles 0.2 0.0
0-0.5 mile 0.3 1.4
0.5-1.0 mile 1.1 3.4
Over 1 mile 0.1 1.0
Crop diversification
Number of different sole crops observed in area 20 34
Number of different crop mixtures observed in area 43 56

Source: International Crops Research Institute for the Semi-Arid Tropics.
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TABLE 2.3 Farming practices by season in four villages of Kilosa, Tanzania, 1980-81
(percent)

Farming practice Oct-Dec.® Jan-May®
Share of year's planting
Lowland planting . 83 17
Upland planting 26 74
Planting in compound 92 8
Share of season's planting
Salvage crop planting® 72 32
Intercropping 95 it
Staggered planting 35 69

Source: Jodha (1982)

2Season of short, uncertain rains.

bSeason of long, more certain rains.

<Salvage crops can be used before physiological maturity.

Amaya 1978). The renting of cropland for a fixed cash amount increased
in El Salvador from 1961 to 1971. Part of this growth can be attributed to
the buoyant demand for horizontal diversification (El Salvador 1974).
Farmers have consistently rejected the advice to fertilize at planting and
prefer to apply fertilizer eight days after planting, when they are assured
that the crop has successfully emerged (Alvarado, Walker, and Amaya
1979).

Effectiveness of Risk Management

Evidence on the effectiveness of risk management by small farm house-
holds is scanty. Preliminary results over the five cropping years from 1975
to 1979 in three ICRISAT study villages in the semiarid tropics of peninsu-
lar India show that the coefficient of variation of net household income per
person averaged 35 percent, and ranged from 15 to 85 percent (Walker
and others 1983).3 Crop income as a share of total income was positively
and significantly associated with the coefficient of variation, which sug-
gests that risk-management strategies were not sufficient to protect in-
come.

Some summary evidence from drought areas in India broadly illus-
trates the size of fluctuations in farm income, the contribution of different
adjustment mechanisms, and the multiple consequences of drought on
household welfare (table 2.4). Shortfalls in crop and livestock income dur-

3. This estimate refers to nominal income. The results do not change appreciably
when calculations are carried out on real income, as village foodgrain price indices showed
little variability or trend over the five cropping years (Walker and others 1983).
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TABLE 2.4 Changes in economic measures between normal and drought years for farms
in various areas of India

Drought year change
from normal year*
Smallest Largest

Measure change change
Current commitments (percent change)
Per-household consumption expenditure® -8 -12
Per-household socioreligious expenditure® =31 —64
Per-adult foodgrain consumption® -12 -2
Household postponement of tax payment, etc.© 0 +27
Household withdrawal of children from school® 0 +42
Assets and liabilities lperc;mt change)
Asset depletion (sale, mortgage, etc.)d -19 —60
Outstanding debt® +64 +192
Income source (percent change)
Crops® —58 —82
Livestock® -37 -73
Maigration (percent households)
Households with member outmigrating® 37 60
Animals outmigrating® 32 S6
Migrating animals lost or dead® 28 53
Nonmigrating animals lost or dead® 9 87

Source: Jodha (1975, 1978) and original data sets of the studies. :
*Postdrought year for current commitments and income source; predrought year for assets
and liabilities. )
®Three areas.
°One area.
' 9Five areas.
¢Four areas.

ing the drought year were large by any standard. Despite risk-adapting
cropping strategies and farming systems, the drought was so severe that
crop and livestock income contributed only S to 16 percent to total suste-
nance income in the three areas studied. The shortfall in farm income was
to some extent compensated by private borrowing and public relief, which
contributed from 44 to 73 percent and 22 to 56 percent, respectively, to
household income during the drought year.

In Latin America such detailed microeconomic inquiries (to our
knowledge) are not available. What are available are recall surveys such as
the one carried out in two villages in northern El Salvador on past and
future mechanisms of adjustment to crop loss (table 2.5). Temporary mi-
gration to harvest export crops was a leading risk adjustment. This infor-
mation furnishes some insight but does not allow quantification of the ef-
fectiveness of the risk adjustment.
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TABLE 2.5 Risk-adjustment strategies of small-scale maize farmers in northern El
Salvador (percent)

Farmers who might

Farmers using use strategy as
strategy as main main adjustment to

adjustment to crop crop loss in
Strategy loss in 19772 future years
Sale of livestock 20 36
Increased labor market participation® 26 62
Draw on family savings S 2
Receipt of consumption loans in kind 10 0

Source: Walker (1980).

Note: Forty-two farmers in two villages.

*Does not add to 100, as 39 percent of farmers did not have to resort to any of these strategies.
bSeasonal migration to harvest cotton, coffee, and sugarcane.

Trends in Risk Management

The effectiveness of risk management by farmers is constantly changing in
response to changes in resource and institutional environments.

Tanzania. In Tanzania the change has been for the worse. Public
policy interventions have adversely affected traditional risk-handling
methods. State marketing has siphoned off village food reserves. Regula-
tions that compel farmers to plant a fixed acreage in cash crops have
eroded production flexibility. The resettlement of villagers into compact
communities at selected sites has deprived farmers of access to more di-
verse lands as well as to diversified farming systems, where tree crops were
an important food source (Jodha 1982). Labor market restrictions prohib-
iting the hiring of agricultural labor and block farming have also reduced
farmers’ freedom.

India. In India many well-intentioned public policies have generated
side effects that have made risk management by small-scale farmers less
effective in drought-prone areas. Intrayear reserves and intrayear security
stocks of food grains and fodder have ceased to be important components
in risk adjustment (Jodha 1981b). Group measures such as mutual risk-
sharing arrangements, seasonal migration, and informal interlocking of
agricultural factor markets are less compatible with new village institu-
tions. Legal provisions regulating credit, labor contracts, mortgage of as-
sets, and tenancy are often insensitive to the specific adjustment problems
of drought-prone areas (Jodha 1981b). For these and other reasons, formal
public relief has assumed greater significance in drought-prone areas. The
enormous public investment in irrigation during the last decade has proba-
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bly diminished risk for the country as a whole and has at least partially
compensated for the deterioration of traditional risk-management mea-
sures.

El Salvador. In El Salvador the picture is less clear. On the positive
side, such technological innovations as hybrid maize and small silos for
storage have been accepted by many small-scale farmers. On the negative
side, increasing population pressure on land, an inactive land market, and
the demise of the traditional colono form of tenancy, which though exploit-
ative was risk adjusting, have eroded the effectiveness and availability of
traditional risk-management methods.

Three Risk-Management Measures

Village-level studies by ICRISAT provide some evidence on the efficiency
of three risk-management actions that have received considerable atten-
tion in the literature.

Spatial diversification. Spatial diversification of farm plots is a closer
substitute for crop insurance than other informal means of risk adjust-
ment. Access to heterogeneous agroclimates, across which production
risks are not perfectly correlated, endows farmers with greater flexibility to
cope with yield risk.

The incidence of heterogeneity or location specificity may be more
common than is generally thought. For example, for the last seven years,
monthly July rainfall measured in two gauges located at opposite ends of
the 1,400-hectare main experimental station at ICRISAT is correlated at
.61, which is far less than what one would expect for such a short distance
on flat land.

Even within a village, there may be considerable heterogeneity in
yield outcomes. Figure 2.1 shows the correlations between individual farm
yields and the average village yield for selected crops. For most crops,
yields are positively correlated, but there are a surprising number of cases
where the correlations are either low or not statistically significant. This is
particularly true for local cotton in the Akola village where from 1975 to
1980 40 percent of the farmers’ yields varied inversely with the average
village yield. Spatial diversification appears to have been effective in stabi-
lizing local cotton yields in Akola. It is likely, too, that a homogeneous-
area approach to compulsory crop insurance would increase instability in
crop revenue for many cotton producers in the village.

Still, spatial diversification does not appear to be as strongly associ-
ated with net crop income stability as does crop diversification (Walker,
Singh, and Jodha 1983). In two regions, crop diversification is negatively
and significantly correlated with the coefficient of variation of net crop in-
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1979 or 1980

Note: ® Statistically significant at the S percent level.

o Statistically insignificant.
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come, while greater spatial diversification is not significantly correlated
with the coefficient of variation of net crop income. In the remaining re-
gion, greater spatial diversification is inversely associated with the coeffi-
cient of variation of net crop income.

Tenancy. There are many reasons for tenancy (Newbery 1975,
Binswanger and Rosenzweig 1984) and an almost unlimited number of
ways to specify a contract. Risk sharing is often cited as an important rea-
son, but what is frequently overlooked is that tenancy affords a means to
manage losses incurred in previous cropping years. This is particularly
true in areas where the incidence of drought accentuates the importance
and extent of tenancy.

The potential for loss management in tenancy contracts is illustrated
with data from two ICRISAT studies of villages located in the drought-
prone district of Sholapur in India. A severe drought in 1972-73 led to the
death or sale of many bullocks, which reduced the capacity of many farm
households to reinitiate cultivation in the postdrought year. About 24 per-
cent of all farm households in the two villages had to lease out all their land
(Jodha, Asokan, and Ryan, 1977). Tenancy transactions tended to equal-
ize land/bullock ratios. Before the transactions, land area per owned bull-
ock in the two villages was 18.3 and 30.9 hectares for landowners, and 3.4
and 7.2 hectares for tenants. Following tenancy, land area per owned bull-
ock declined to 5.5 and 5.8 hectares for landowners and increased to 7.2
and 8.2 hectares for tenants (Jodha 1981a). Recent evidence also suggests
that sharecropping in the Sholapur villages is more common on inferior
land that is more susceptible to crop failure (Singh and Walker 1982).

The terms of the tenancy contracts were flexible enough to satisfy the
needs of both parties. Table 2.6 presents the risk implications of tenancy
according to tenancy arrangements. The arrangements are defined from
the perspective of landowners, many of whom lost productive capacity be-
cause of drought. Both the payment of a fixed rental independent of the
size of the harvest and net output sharing imply risk transfer to tenants.
When input and output are shared by both parties, risk is shared. Tenancy
arrangements that help manage risk losses are conditioned by the lagged
impact of drought-induced losses. They include (1) sharing of all inputs
except bullocks (which were lost during the past drought); (2) crop input/
output sharing arrangements subject to advance loans to landowners, ad-
justable against their shares to meet their preharvest resource constraints;
(3) land-lease arrangements linked to labor and credit; and (4) other factor
and product market contracts between landowners and tenants.

Tenancy arrangements involving the transfer of risk comprised
about 29 percent of the tenancy observations. About S7 percent had ex-
plicit risk-sharing connotations, and over 60 percent had risk/loss-man-
agement implications.

27



Thomas S. Walker and N. S. Jodha

TABLE 2.6 Risk implications to landlord of eleven tenancy arrangements, Sholapur area,
India, 1975-78

Tenancy arrangement (number of farms) Risk implication
Rent essentially fixed but subject to

harvest (1) Implicit risk sharing
Rent fixed, independent of harvest (2) Risk transfer to tenant
Advance loan, rent subject to harvest (2) Implicit risk sharing; risk/loss management
Input and output sharing (14) Explicit risk sharing
Input (excluding bullock) and output

sharing (28) Explicit risk sharing; risk/loss management
Input and output sharing with adjustable

advance loan (30) Explicit risk sharing; risk/loss management
Net output sharing (19) Risk transfer to tenant
Net output sharing with adjustable Risk transfer to tenant; risk/loss

advance loan (17) management

Risky plot tenancy with no fixed rental,
no advance loan, meager crop share

(19) Implicit risk sharing
Midseason leasing with share in output
) Risk transfer to tenant
Land lease linked to labor and credit
contracts (22) Explicit risk sharing; risk/loss management

Source: Jodha (1981a).

In Sholapur, tenancy clearly helped equalize factor endowments and
enabled the sharing of production risk. In Asia, most comparative empiri-
cal studies suggest that, once other variables are accounted for, the effi-
ciency cost (in terms of low input intensity or nonadoption) from tenancy is
negligible (Binswanger and Rosenzweig 1984). In Latin America, fewer
empirical studies are available, but they also point to this conclusion (Col-
menares 1975, Cutie 1975, Walker 1980).

Intercropping. Perhaps no single feature of small farm agriculture is
as striking as the high incidence of intercropping, or mixed cropping
(Jodha 1981c, Norman 1974). Intercropping is often praised as a risk-
reducing practice in the agronomic and economic literature (Papendick,
Sanchez, and Triplett 1976, Bliss 1979). Risk reduction due to diversifica-
tion has to be separated from the risk-reducing attributes of intercropping
by itself, which must be compared to pure stands. This is the perspective
most agronomists adopt when they compute land-equivalent ratios of yield
in sole-stand and intercropped treatments.*

4. Aside from risk reduction, intercropping may be superior to sole cropping in other
dimensions (Jodha 1981c, Norman 1974).
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Intercropping allows greater yield stability for three reasons (Willey
1981): (1) higher yield in stress conditions, (2) lower incidence of disease
and pests, and (3) compensatory yields.

Higher yield under stress has been documented in experimental field
trials, where under conditions of moisture stress, intercropping showed a
yield advantage over sole cropping (ICRISAT 1980, p. 209). These results
probably depended on differences in plant population between intercrop-
ping and pure stands.

The second potential source of risk reduction is extremely specific to
the host, pest, and parasite (Bhatnagar and Davies 1981). For instance, in
pigeonpea crops in India, wilt is reduced when the pigeonpeas are in-
tercropped with sorghum (Willey, Rao, and Natarajan 1980). However,
pigeonpeas intercropped with sorghum are subject to pod borer (Bhatna-
gar and Davies 1981), and there is fragmentary evidence that sterility mo-
saic is also a greater hazard.

Yield compensation arises from the spatial and chronological re-
sponses of species or varieties to the incidence and timing of biological and
agroclimatic risk. These risks have a differential effect on crop productiv-
ity. Risk reduction in intercropping originates from the ability of at least
one crop in the system to compensate for the failure or low yield of another
crop. For example, cereals such as millet can partially compensate for low
plant stands of other cereals through greater tillering. Compensation is
conditioned by a crop’s ability to take advantage of sunlight, soil nutrients,
or soil moisture ‘‘released’’ by crops that are adversely affected. Compen-
sation would not be possible in pure stands, because all plants would be
affected in the same way.>

If yield compensation was common, the yield covariance between
species planted in a mixed or intercropped system would be less than for
proportional areas of the same crops planted in pure stands. In cases of
high compensation in high-risk environments, we would expect to see neg-
atively covariate yields. Unfortunately, not enough multiyear and multilo-
cational data are available to compare intercropping and pure stands.® A
less than ideal but still promising alternative is to evaluate the risk perfor-
mance of common intercropping systems in farmers’ fields. We hypothe-
size that where compensation is greater, yields between crops are less posi-

S. This is an overstatement for some sources of risk such as insect and disease dam-
age, which may differentially affect plants in pure stands and thus widen the scope for
compensation.

6. In one of the few attempts to assemble and analyze such data, Rao and Willey
(1980) evaluated yield stability in a sorghum/pigeonpea intercrop. Based on bounded ration-
ality and variance criteria, they found that intercropping provided greater yield stability than
sole cropping. However, the nature of their data does not permit the separation of pure time
and location effects. That is, yield stability and adaptability are confounded.
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tively covariate. We would therefore assign low risk-reducing potential for
cropping systems where intercrop yields are significantly and positively
correlated over time.

An assessment based on ICRISAT's data provides some estimate of
the size of expected compensation effects. Two intercropping systems, one
traditional and one somewhat improved, were analyzed. Plot data were
available for thirty farming households in each of two villages (Aurepalle
and Kanzara) for the six cropping years from 1975 through 1980. The
intercropping systems were the most common ones encountered in each
village.

The traditional cropping system in Aurepalle consists of row in-
tercropping two medium-duration cereals (local pearl millet and sorghum)
with a long-duration grain legume (pigeonpeas). The three crops are
grown in a high-risk, low-fertility environment. Sources of risk and crops
with a potential for yield compensation are described in table 2.7. We
would expect a strong compensatory-yield effect between pearl millet and
sorghum only when shootfly inflicts damage on sorghum.” There is more
scope for compensation between pigeonpeas and the two cereals. A clear
implication of table 2.7 is that the later a crop is afflicted, the less chance
there is for compensation by another crop.

In order to test the hypotheses suggested by table 2.7, we calculated
the yield correlation coefficients for the three crops for the 169 plots in the
sample.® If compensation effects were strong over many years, we would
expect a negative correlation between yields of the two crops. That is, low
yields from one crop would be compensated by high yields from the other
crop because of reduced competition. Lower correlation coefficients would
imply greater risk-buffering capacity. The size of such correlations based
on yield data purged of management effects depends on the multivariate
distributions of yield risk and their crop-specific interactions. For this par-
ticular cropping system, we would expect a positive correlation between
sorghum and millet yield and a zero or slightly negative correlation be-
tween the yield of either cereal and pigeonpea.

As expected, sorghum and pearl millet yields were significantly and
positively correlated at .63 and insignificantly associated with pigeonpea

7. If the initial monsoon rains are late, the incidence of shootfly increases, and
farmers respond by planting more castor in fields originally destined for the cereal/pigeonpea
mixture. Farmers therefore do not have to rely solely on yield compensation from
intercropping.

8. The yield data are adjusted for management effects by regressing yield on farmer
and season binary variables using least squares, dummy variable regressions (Maddala 1977).
For four farmers, sorghum yields are “‘corrected” for linear management effects; for pearl
millet and pigeonpea there is little evidence of significant differences in technical efficiency
among farmers. This is what one would expect with a low-input traditional cropping system.
It is important to note that yield variability from plot-specific sources has not been explicitly
controlled for in the data.
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TABLE 2.7 Sources of risk to traditional sorghum/pear! millet/pigeonpea intercrop
systems, and yield compensation relations between crops, Aurepalle village, India

Affected Compensatory
Source of risk crop Effect crop
Shootfly Sorghum Poor stand Pear] millet,
establishment pigeonpea®
Early drought Sorghum, millet Poor stand Pigeonpea*
establishment
Midseason drought Sorghum, millet Reduced yield Pigeonpea®
Excess late-season rain Sorghum Earhead bugs, None
grain mold
Late-season drought Pigeonpea Reduced yield None
Pod borer _ Pigeonpea Damaged pods None

2Strong compensation.
bWeak compensation.

yields at .06 and .11, respectively. The evidence indirectly suggests that for
this cropping system, intercropping provided little risk protection. The
same finding applied to the second cropping system, featuring three long-
duration crops of local cotton, local sorghum, and pigeonpea cultivated in
Kanzara village, which has more assured rainfall. Adjusted yield data for
190 plots show significant correlations (.42, .25, and .15) at the S-percent
level between yields of cotton and sorghum, cotton and pigeonpeas, and
sorghum and pigeonpeas. One would expect such a result for crops that
mature at about the same time.

Efficiency Costs and Adverse-Equity Impacts of Risk Management

The risk-management actions of small farm households can entail effi-
ciency costs and adverse-equity impacts. If these households had access to
an additional risk-management measure, such as public crop insurance,
perhaps the costs could be lowered and the inequities lessened. Any new
policy aimed at enhancing risk management by small farm households
should augment or make more effective their choices in managing risk. An
analogy can be drawn to public price stabilization policies, which can dis-
place traders and speculators and reduce price stability and thus cause
little or no stabilization in prices (Peck 1977).

One important consequence of crop insurance could be shifts to
cropping patterns that lead to higher average incomes. This issue is ad-
dressed at length in chapter 3 and will not be taken up here. Other benefits
might be the adoption of technology, and greater use of modern inputs,
less depletion of assets during bad years, less shifting of risk adjustment to
landless labor, and a decline in land fragmentation.
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Low Input Use and Nonadoption of New Technologies

Perhaps no risk-management theme has received as much empirical atten-
tion as the adverse effect of risk aversion on investment in new agricultural
technologies and use of modern inputs. Yet the evidence from positive
analyses shows that the potential for intensified farming does not increase
by correcting for risk aversion.

Participants in a risk-reducing crop insurance program could cap-
ture innovators’ rents as early adopters, but they would also be exposed to
innovators’ losses from unprofitable new technologies (Binswanger and
Ryan 1977). A perceived reduction in risk could speed up the adoption
cycle. However, unless acceptance by a few precludes adoption by the ma-
jority, welfare is determined by ultimate adoption, rather than by early
adoption (Gerhart 1975).

Therefore, the more relevant welfare question asks the reasons for
nonadoption of mature innovations. Intuitively, the output cost of risk
aversion is greater for recommended inputs that are indivisible or are char-
acterized by large financial risk. Recommended inputs are frequently clus-
tered into packages that imply all-or-nothing courses of action. In reality,
farmers make adoption decisions on each component of the cluster in a
piecemeal, stepwise fashion (Mann 1977). The package approach to the
diffusion process greatly accentuates risk and, therefore, the potential for
risk aversion as an impediment to adoption. A perhaps biased sampling of
positive risk-related research on the adoption of mature innovations in
Latin America indicates: (1) that when packages are partitioned into their
components, risk aversion is reduced (Gladwin 1977); (2) that the conflict
between expected profitability and risk is not as sharp as anticipated
(O’Mara 1971); and (3) where risk aversion is the primary reason for non-
adoption, moving to a risk-neutral position yields only a marginal increase
in expected income (Walker 1981).°

It is difficult to forge a consensus; witness adoption research on the
Puebla project, where five investigators (Benito 1976, Diaz 1974, Gladwin
1977, Moscardi 1976, and Villa Issa 1976) arrived at quite dissimilar con-
clusions and policy implications. However, the overriding importance
given to on-farm profitability by Perrin and Winkelmann (1976) in their
summary of the Centro Internacional de Mejoramiento de Maiz y Trigo
(CIMMYT) adoption studies in the 1970s rings as true today as it did to
Griliches in 1957.

9. Similar results are reported by Ryan (1972), who assessed the effect of risk aversion
on optimal use of fertilizer for potatoes in Peru. He found that the marginal cost (supply)
curve for potatoes was only marginally affected when one allowed for risk aversion.
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Asset Depletion

Reliance on liquidation of productive assets to even out fluctuations in
farm income may have strong implications for economic growth and equity
in risk-prone areas. Jodha (1975) has argued that farmers’ risk adjustment
is conditioned by repeated weather cycles, which translate into asset deple-
tion and replenishment cycles. If governments base risk-management de-
cisions on changes in consumption levels, asset depletion may have already
run its course and farm productive capacity may have eroded, perhaps per-
manently.

In the longer run, such cycles signify stagnating investment in risk-
prone regions. Restoring farm productive capacity is a slow, accretionary
process, because farmers face a buyers’ market in the disaster year and a
seller’s market in the postdisaster year (Jodha 1975). Asset depletion and
replenishment cycles are probably not nearly as severe in most of Latin
America as they are in West Africa, East Africa, and South Asia. Nonethe-
less, their growth and equity implications should not be ignored in the as-
sessment of public policies whose intent is to reduce farmers’ risk.'

Shifting Risk Adjustment to Landless Labor

Increased participation in the casual-labor market is an important adjust-
ment mechanism for small-scale farmers, particularly in Central America,
where basic grains are grown from May through November and export
crops such as coffee, sugarcane, and cotton are harvested from December
through March. With increased seasonal migration by small-scale
farmers, risk adjustment is partially shifted to landless agricultural labor-
ers, who are least able to cope with risk. In any year, the demand for har-
vesting labor is highly inelastic and is determined by the size of the crop.
Increased labor supply translates into decreased real wages or into higher
unemployment. Effective crop insurance could therefore indirectly con-
tribute to the income stability of landless laborers. (Of course, a well-timed
and flexible public-works program would directly reduce the cost of risk
adjustment borne by landless agricultural laborers.)

Land Fragmentation

Efficient crop insurance could also slow land fragmentation of small farms
in Latin America. Fields are subdivided and left to heirs in what we suspect

10. Browning (1971) and Durham (1979) contend that low coffee yields and prices
forced many small-scale landholders in El Salvador to sell to large haciendas in the 1930s and
therefore directly stimulated increasing land concentration.

33



Thomas S. Walker and N. S. Jodha

is an attempt to maintain diverse holdings.!' Casual empiricism suggests
that this is also the case for parts of the semiarid tropics of India. Crop
insurance could lessen the use of spatial diversification as a risk-manage-
ment strategy and create a more favorable environment for consolidation
of land holdings in countries where man/land ratios are high. Once again,
we need more empirical evidence (in this case on the determinants of the
intergenerational transfer of wealth and on the social costs of land
fragmentation) before benefits can be quantified.

Conclusions

It is easier to describe how small farm households adapt to risk than to
pass judgement on whether such adaptations are effective. Fluctuations of
net household income of about 35 percent over five cropping years, and
household food grain consumption shortfalls ranging from 12 to 23 per-
cent during a drought, suggest that risk management is far from perfect
for these households.

We found convincing evidence, based on village-level data in rural
southern India, that tenancy was actively used to spread production risk
within and across cropping years. Crop and spatial diversification even
within an area as small as a village may enhance yield stability in some
ecological settings. Contrary to expectations, intercropping by itself con-
tributed little to yield stability.

The effectiveness of risk management by small farm households is
largely an empirical issue. Household economics that features intertem-
poral decision making can furnish some insight. However, the most impor-
tant constraint to understanding farmers’ risk adjustment is the paucity of
panel data over many years for relatively large samples. For crop insur-
ance, knowledge about the influence of crop revenue on consumption sta-
bility is sorely needed. While we may not know as much as we would want,
we are sure that when tenancy is banned, mechanization is subsidized, and
capital is underpriced in the formal market, risk management by small
farm households suffers, and the burden of adjustment falls more heavily
on landless laborers. We are less sure that a public program of crop insur-
ance is the cure, or even a step in the right direction.

11. As Roumasset (1976) has pointed out, alternative explanations may underlie what
looks like risk-averse behavior. Presumably, if there were enough plots, an owner could take
into account land quality and give each heir equitable shares without fragmenting fields.
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Evaluating Farmers’ Demand
for Insurance:

Applications in Mexico

and Panama

Crop insurance has been advocated as a direct way of assisting small-
scale farmers confronting production risks, usually with the expectation
that such insurance would lead to less risk-averse behavior and to the more
efficient use of farm resources. In Mexico, for example, subsidized crop
insurance schemes for maize and beans were recently expanded in the rain
fed areas as part of the national food plan. The explicit hope was to in-
crease both average farm incomes and the marketed surpluses of these im-
portant food crops. In Panama, credit insurance schemes have been intro-
duced for five crops and three kinds of livestock to protect farmers against
the vagaries of nature and to encourage more intensive production tech-
niques.

Most crop insurance schemes focus on very specific kinds of risk, like
hail insurance for wheat. Such risks can be more readily measured and
monitored and are less costly to insure. But it is not widely recognized that
such schemes may be ineffective in encouraging farmers to allocate re-
sources in a more profit-maximizing way. For example, farmers growing
diversified crops may find that their income is only weakly correlated with
the yield of an individual crop. Yield insurance for that crop may have
little bearing on the variability of their income, on their ability to repay
debt, and on their ability to meet their families’ essential living costs.

The purpose of this chapter is to analyze farm-level considerations
that determine the kinds of crop insurance that might induce more effi-
cient resource allocation. These considerations are made clear at a general
level in the next section and then formalized into a specific mathematical
model. This model is then used to analyze the efficiency and potential ben-
efits of crop insurance schemes in Mexico and Panama.

Objectives and Theory of Crop Insurance

The kinds of crop insurance considered here are concerned with within-
year (or within-crop-season) risks between planting, harvesting, and mar-
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keting. Though not all are insurable, such risks comprise yield losses aris-
ing from natural causes, storage and marketing losses, uncertain product
and input prices, and unreliable input supplies. In aggregate, these risks
have a direct effect on annual farm income, on the variability of farm in-
come over the years, and therefore on farmers’ ability to repay debt each
year and to meet essential living costs.

Research suggests that once subsistence is assured, farmers allocate
their resources to obtain desired combinations of average income and in-
come risks.! Higher average incomes require more risk, and most farmers
trade some average income against reduced fluctuation of income.

The intended purposes of crop insurance are twofold: stabilizing in-
come and ensuring enough income each year to repay debts and meet es-
sential living costs.2 These objectives must be achieved at a lower cost than
the cost of risk. If these objectives can be met, farmers will be encouraged
to seek higher average profits.

Reducing Income Risks

For single-crop farms, insurance will help reduce income risks if it reduces
the variability of net returns for that activity or increases the level of in-
come realized in bad years. Simply compensating farmers for poor yield
might not achieve either of these objectives. Consider the simplified case
where production costs are not risky, and the objective is to reduce the
variability of income as measured by its variance. Let R denote revenue,
and let P and Q denote the price and yield of the crop, respectively. Then
the variance of income’ can be approximated (see Anderson, Dillon, and
Hardaker 1977, p. 33).

V(R) = E(P}V(Q) + E(Q)*V(P) + 2E(P)E(Q) Cov(P, Q). (1)

Now if price variations are the major source of risk confronting a
farmer, compensating for shortfalls in yield may have little numerical im-
pact on V(R). The second term on the right side of equation 1 would then
tend to dominate V(R), but crop insurance would only act on the remain-
ing two terms in the equation. Under these circumstances, price stabiliza-
tion is likely to be more effective. Further, yield compensation will be less

1. See, for example, Dillon and Scandizzo 1978.

2. Subsistence farmers might benefit more from yield insurance than schemes that
attempt to stabilize incomes, particularly when poor yields coincide with high prices. How-
ever, such farmers are not likely to participate in insurance schemes that require cash premi-
ums, and family subsistence might be better assured through food subsidies or food-for-work
programs. This chapter focuses on crop insurance schemes for farmers with cash incomes.

3. Since income is the difference between revenue and costs, then if the latter are
nonstochastic the variance of income is simply the variance of revenue.
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effective in reducing V(R) when prices and yields are negatively correlated.
High prices will tend to offset low yields and vice versa, and the covariance
term will be negative and hence stabilizing for V(R). Poor yields may not
even coincide with the worst revenue outcomes if the correlation is strong
enough.

In the case of multicrop farms, it is also necessary to take account of
the covariances between the returns of different crops. Letting a j subscript
denote the j*" crop, then the variance of total farm revenue is

V(R) = V(EIRI) = EJV(RJ) + 2,}_,'2_,‘ COV(R,', Rj). (2)

Now even if crop insurance for the j*" crop were successful in reducing
V(R)), it still may not stabilize farm income. This depends on how the in-
surance affects the covariances between the returns of the j** crop with the
returns of all other crops. A good insurance scheme should reduce the pos-
itive covariances and increase the absolute value of the negative ones. How-
ever it is quite possible for insurance to reduce V(R)) yet increase the size of
positive covariances to the point where V(R) actually increases. We shall
encounter such a case in our Mexican data.

An ideal crop insurance scheme would eliminate all income variabil-
ity. The most direct way of doing this would be to guarantee the farmer his
average income each year by collecting premiums in years when income
exceeds the average and paying indemnities in all other years. Unfortu-
nately, such a scheme would be very difficult, if not impossible, to operate.
Nevertheless, the concept of ideal insurance will prove a useful one in pro-
viding a measure of the maximum gain that is attainable from any other
insurance scheme.

Costs of Insurance

Risk creates a direct cost to the farmer. It is the amount of income he
forgoes on average in order to pursue strategies that reduce his risk to ac-
ceptable levels. If insurance is to be effective, it must remove risk at a lower
cost than this. Only then will the relative profitability of an insured crop be
greater than its uninsured counterpart. However, it is exactly this cost-
reducing role of a well-designed insurance scheme that makes it attractive.

Crop insurance is able to reduce risk costs by spreading risks in three
ways. First, insurance pools risk among farms. Unless crop risks are per-
fectly and positively correlated among farms, then such pooling leads to an
automatic reduction in the aggregate risk facing the insurance agency.
Second, an insurance agency can diffuse crop risks to other sectors of the
economy by reinsuring its policies with other institutions or selling stock. If
it is a government agency, it can also rely on the ultimate security afforded
by the taxpayer. Third, an insurance agency can spread risks over time by
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accumulating reserves. Since the proportion of farmers requiring indem-
nities in any one year is largely controllable, an insurer would also have a
much better chance than an individual of surviving a run of bad years.

An ideal insurance agency would operate with zero transactions costs
and charge farmers a premium that, over a number of years, would be
equal to the average indemnities paid. In conjunction with ideal insurance
policies, which eliminate income variability, such a scheme could bring
about a situation in which farmers were freed from any concerns about
risk.* Of course, such a scheme is not attainable. The real question is
whether realistically designed schemes can provide a cheaper and more
effective way of reducing risk costs to farmers than traditional channels of
risk sharing.

A Model for Evaluating Crop Insurance

We have already defined the two objectives of crop insurance as helping to
stabilize farm income fluctuations over time and helping to ensure that the
farm family has adequate income each year to repay its debts and meet
essential living costs. In order to evaluate crop insurance schemes empiri-
cally, it is necessary to formulate these objectives more precisely.

Expected utility theory offers a useful way of formalizing a farmer’s
distaste for fluctuations in income. This theory postulates that each indi-
vidual has a utility function for money. The shape of this function deter-
mines the income distribution parameters that the individual considers
when choosing among strategies with risky outcomes. For example, if their
utility function for money is quadratic, then farmers will choose among
farm plans solely on the basis of their mean and variance of income
(Markowitz 1959). In this chapter we assume that farmers behave accord-
ing to a closely related decision criterion: the mean-income standard-devi-
ation criterion. Specifically, we follow Baumol (1963) and assume that
farmers maximize an expected utility function of the form

E@) = E(y) — ¢a,, &)

where ¢ is a risk-aversion parameter.

This criterion implies that for a given level of mean income, E(y),
farmers will always prefer the plan with the smallest standard deviation,
a,. Further, they will be willing to sacrifice mean income in order to reduce
o, to the point where the marginal trade-off is exactly ¢. Figure 3.1 por-

4. This need not imply that farmers will specialize in only one or two crops. As
Roumasset (1978) has argued, there are many possible reasons for diversifying that have
nothing to do with risk-averse behavior. For example, bottlenecks due to seasonal labor, re-
quirements of crop rotation, and planting of multiple crops.
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Iso-utility lines

E(y)
Increasing
tilit
utity Efficient
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R

All feasible
farm plans

FIGURE 3.1 The optimal mean-income standard-deviation farm plan

trays a set of indifference curves corresponding to equation 3. For any farm
planning problem there is also an efficient mean-income standard-devia-
tion set of farm plans. For each of these plans, o, is as small as possible for
the corresponding level of E(y). In figure 3.1, the efficient frontier, AB, is
the locus of all efficient mean-income standard-deviation plans; all other
feasible plans lie to the right of this frontier and are not efficient. Now the
optimal plan for farmers is clearly the one that maximizes their utility.
This plan will always be a member of the efficient set. In figure 3.1, it is the
plan defined by point C—the point where the utility surface is tangent to
the efficient frontier.

Our chosen decision criterion provides a direct rationale for farmers
to purchase crop insurance. Crop insurance should act to reduce o, for
each level of E(y), thereby rotating the efficient frontier to the left in figure
3.1. This will shift the point of tangency with the utility surface upward,
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allowing farmers to achieve higher levels of expected utility. Of course, if
crop insurance is to be effective in this way, then the reduction in o, ob-
tained, multiplied by ¢, must more than compensate for the insurance pre-
mium charged to E(y).

The choice of g, as our measure of risk also happens to be useful for
formalizing the second objective of crop insurance, namely the avoidance
of disastrously low incomes. This objective can usefully be written as a
probability criterion of the form:

Pr(y, =2 8)=1— q, 4)

where y, denotes the " possible outcome for income net of all production
costs and any interest charges on borrowed credit, S denotes the minimum
income required by farm families to meet essential living costs, and a: is a
preassigned level of risk. Since a positive income implies that all input
costs financed with credit are recovered, then the criterion requires that a
farm plan be chosen so that income is adequate to cover debt repayment
and family subsistence at least 1 — « proportion of the time. If « is set at
0.0S, then equation 4 requires that income exceed § at least 95 percent of
the time.

Since farmers are likely to give greater priority to the survival of
themselves and their families than to the repayment of debt, we shall as-
sume that when equation 4 is not satisfied, farmers default on loans. On
this basis, equation 4 can be interpreted as the probability of default, and
a specifies the acceptable default rate. Farmers and lenders, which we
shall presume to be banks, may differ about what is an acceptable default
risk. However, since bankers’ ideas are probably more stringent, and
therefore more constraining to farmers, we shall interpret a as the default
rate acceptable to banks.5 With this interpretation in mind, there is no
reason why o should bear any relation to ¢, since they do not represent risk
tolerances for the same individual.

If income, y, is normally distributed, equation 4 can be expressed in
certainty-equivalent form (Charnes and Cooper 1963). It is equal to

P(Z, =5%)=1—aq,

S. Our model does not take into account the fact that subsequent loans may be more
difficult to obtain if the farmer defaults in a bad year. Proper treatment of such costs would
require a much more sophisticated model, in which all the recourse decisions open to the
farmer in the event of a disaster would be considered. The farmer might turn to traditional
moneylenders, for example, or adjust his consumption, sell some of his assets, accept govern-
ment relief, give up farming, and so on. In principle, these options could be formulated in a
full stochastic recourse model (Hogan, Morris, and Thompson 1981), but the required data
are not available. We have chosen the chance constraint approach as a practical expedient. It
is also clear that agricultural development banks do tolerate a certain percentage of bad loans
without seeking punitive measures against the offending individuals.
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where Z, = [y, — E(y))/0,, and $* = [§ — E(y))/0,. Here Z, is a standard-
ized normal (0, 1) variable, and S$* is the value of Z at which « percent of
the distribution lies in the tail to the left of Z, ($* is the a percentile).
Consequently, by using tables of the cumulative function of the standard
normal distribution, one can always find a value of k,, which will be nega-
tive for a < 0.5, such that

EQ) + koo, = S (5)

is exactly equivalent to equation 4. For example, if « = 0.05, then k, =
—1.65.

Equation S clearly has much in common with the expected utility
function defined in equation 3. In fact, maximization of equation 3 will
also help farmers comply with equation S, since the maximization will tend
to increase E(y) and reduce o,. Again, crop insurance that reduces o, and
increases expected utility will also serve to reduce the probability of default
as defined in equation S.

We now have the rudiments of a formal model of farmers’ planning
problems. To complete this model it is necessary to introduce some explicit
assumptions about the nature of the production process. Linear program-
ming has proved to be a useful and plausible way of modeling these pro-
cesses, and we shall adhere to this framework here.

The full farm model can be written as follows:

Max E(u) = E(y) — ¢o,, (6)
wherey = R’x — c’x — ir, subject to the constraints

Ax < b, (7

wx—r=<h, 8)
and

E(y) + ko0, = S, )

where x is a vector of crop areas grown, R is a vector of crop revenues per
unit area, ¢ is a vector of direct crop production costs per unit area, r is the
amount of bank credit borrowed, i is the interest charge on bank credit, w
is a vector of crop credit requirements, 4 is the amount of funds available
from the farm family for on-farm investment, A is a matrix of crop re-
source requirements, and b is a vector of fixed resource supplies (all other
notations have already been defined).

In other words, farmers seek to maximize expected utility subject to
a set of constraints on the available resources they can use. Equation 7
requires that the amounts of fixed resources used, Ax (for example, land
and labor) do not exceed the available supplies, b. The constraint might
also include husbandry restrictions such as crop rotation requirements or
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minimum constraints on the amount of food crops grown for home con-
sumption.

Equation 8 requires that any crop credit requirements, w ‘x, in excess
of farmers’ own funds, h, must be provided by borrowing credit, r. Such
credit has an interest charge, i, which is deducted from income in equation
6. Finally, equation 9 is the debt default risk constraint developed earlier.
It limits the amount of credit borrowed to the amount where the probabil-
ity of default is equal to «, the default risk acceptable to the bank. The risk
of default will increase with E(y), since the efficient frontier is always an
increasing function of E(y) and o,. Equation 9 therefore puts a ceiling on
expected income; in some cases it may be lower than the mean income
farmers would attain on the basis of their own risk preferences. This fea-
ture of the model can lead to some interesting situations, in which farmers
are required to be more risk-averse than they prefer in order to obtain de-
sired credit.

The model can even lead to situations where it is quite rational for
farmers to purchase crop insurance to reduce o, even when they are risk-
neutral (¢ = 0). This result is quite contrary to much of the established
theory on insurance. It arises only when banks’ risk preferences (as re-
flected in ) are different from farmers’ risk preferences (as reflected in ¢).

For computational purposes, it is necessary to have an explicit rela-
tionship between o, and x. We assume that production costs, ¢, and the
interest charge, i, are not stochastic,® so that income risks arise only from
fluctuations in crop revenues. Then letting 2 denote the covariance matrix
of activity revenues, we have the relation

0, = (x'Qx)'"2. (10)

Since equation 10 is nonlinear, the model can only be solved in its
present form with nonlinear programming algorithms, and these are not
nearly as convenient as linear programming for large problems. Fortu-
nately, equation 10 can be replaced by a linear estimator of o, by using the
MOTAD approach (Hazell 1971, Hazell and Scandizzo 1974). This
method is appropriate when o, is estimated on the basis of time-series data
on crop revenues.

The model can be used to evaluate the effects of alternative insurance
schemes on farmers’ decisions, including their demand for and repayment
of credit. Insurance will affect the model by changing the coefficients of
the covariance matrix, {2, of activity returns. This will lead to changes in g,,
thereby affecting both the model maximand and the debt repayment row.

For each crop it is assumed that a time series of revenue data exists
corresponding to the uninsured situation. When expressed as deviations

6. Relaxing these assumptions is not difficult, but it does complicate the
presentation.
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from the mean, these data provide the initial basis for estimating . To
simulate the effect of insurance, a new set of revenue deviations must be
calculated corresponding to what the initial time series would have been
had the crops been insured. These calculations involve the derivation of
new series of crop revenues, which differ from the original series in those
years in which indemnities would have been paid. The means of the new
series are then calculated, the revenue deviations obtained, and the rele-
vant elements of Q calculated for the insured crops.

Table 3.1 contains an illustrative set of insurance calculations. The
initial uninsured revenue series is based on the product of historical prices
and yields. These prices and yields should first be detrended where neces-
sary so that all variability around their means are real elements of risk. The
mean of the uninsured revenue series is 1,158.6 and the revenue deviations
are calculated around this mean. Now the hypothetical insurance scheme
pays an indemnity in those years when the yield is less than 85 percent of
~ the mean yield. This indemnity amounts to the difference between the
mean uninsured revenue and actual revenue. The insured revenue series
has been calculated on this basis (indemnities are paid in years three and
five), and then the revenue deviations are calculated from the new mean of
1,273.2. Note that the insurance scheme reduces the standard deviation of
revenue from 268.0 to 112.6 and is therefore quite effective in reducing
risk. .

Calculations of this kind lead to a new series of revenue deviations
which sum to zero. There is no point in deducting a fixed premium from
the revenue series, since this will not affect the revenue deviations. The
premium minus the average indemnity, and net of any subsidy if relevant,
must be subtracted from expected income in the model.

TABLE 3.1 Example of insurance calculations for a five-year period

Uninsured series Insured series
Revenue Revenue

Year Price Yield Revenue  deviations  Revenue  deviations
1 5,164 0.237 1,410 251.4 1,410 136.8
2 5,119 0.252 1,290 131.4 1,290 16.8
3» 5,104 0.159 812 —346.6 1,159 —114.2
4 5,049 0.267 1,348 189.4 1,348 74.8
Se 5,014 0.186 933 —225.6 1,159 —114.2
Mean 5,090 0.227 1,158.6 0.0 1,273.2 0.0
Standard

deviation 59.1 0.054 268.0 112.6

*Year in which indemnities are paid. An indemnity is paid when the actual yield is less than
85 percent of the mean yield. The indemnity payment is calculated as the difference be-
tween actual revenue and mean revenue.
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If the variances and covariances of the insured revenues are substi-
tuted for the original elements of Q in the model, then the ensuing model
experiments will correspond to compulsory insurance. If it is desired to
evaluate an optional insurance scheme, then rather than modify existing
coefficients, simply add additional crop activities and additional covari-
ances to the  matrix in the model. The model is then free to choose be-
tween the insured and uninsured alternatives.

A Mexican Application
Description of Model

Two of the primary objectives of the national food plan in Mexico (the
Sistema Alimentario Mexicano, or SAM) were to achieve national self-
sufficiency in food and to raise the incomes of farmers operating in rain-
fed areas.” One component of the SAM policies was an expanded program
of crop insurance for these farms. In particular, it was hoped that govern-
ment risk sharing for maize and beans would lead to an improved alloca-
tion of resources to these crops, both in areas planted and in the use of
modern inputs.

An aggregate model of the rain-fed areas was obtained from the
CHAC model of Mexican agriculture (see chapter 8 for a description of
CHAC). This model has recently been updated to a 1976 data base and
now has a risk formulation based on the mean-income standard-deviation
utility model described in this chapter. With minor changes in the treat-
ment of credit, the model was easily made to conform to the structure de-
fined by equations 6 through 10.

The region portrayed by the model is not contiguous but comprises a
set of nonirrigated counties lying at altitudes of 500 to 1,000 meters and
having an annual rainfall between 600 and 800 millimeters. The model
encompasses about 36,800 farms and about 116,000 hectares of arable
land. The principal crops are maize, peanuts, sesame, and sorghum.
Small amounts of black beans, lima beans, barley, and wheat are also
grown. The region’s output of all these crops is only a small share of na-
tional production, so all crops are assumed to face perfectly elastic de-
mands in the model.

The model permits the production of all the above crops with a vari-
ety of possible planting dates and with two levels of mechanization (basi-
cally, mules and tractors). Land and labor constraints are specified

7. The analysis reported here was conducted during the design stages of the SAM
risk-sharing policies.
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monthly, and labor is provided by hired laborers (at a fixed wage) or by
farm family workers (at a zero wage).? All crops require credit to purchase
chemicals and seeds and to pay for mechanization if used. Credit is avail-
able from the national agricultural bank at a 12-percent interest charge.
The risk coefficients are for the period 1967 to 1976 after detrending with
linear regressions.

Because of varying agroclimatic conditions, not all the available land
is suitable for all crops. In the absence of more precise information on
these restrictions, two types of constraints are included in the model. The
sum of the land areas that can be planted to peanuts, sesame, sorghum,
barley, lima beans, and wheat is restricted to be equal or less than the area
devoted to the total of these crops in the base year. Also, no one of these
individual crops is allowed to exceed 1.25 times the largest area planted to
that crop in 1975, 1976, and 1977.

In the model, there are no direct upper limits on the amount of beans
and maize that can be grown. However, minimum production of 400
grams per capita per day of maize and 32 grams per capita per day of
beans are imposed for farm-family food consumption. Surplus production
over these requirements can be sold. The value of the maize and beans
consumed is included in the subsistence requirements, S, and income is
defined so as to include the value of these foods. Since farmers engage in
nonfarm employment not included in the model, no cash living expenses
are included in S. Such expenses are assumed to be met by nonfarm earn-
ings.

Basic Model Results

Table 3.2 contains model results for two levels each of the debt default risk
parameter, a, and the risk-aversion parameter, ¢. The chosen values of ¢
correspond to risk-neutral behavior (¢ = 0) and reasonable risk-averse
behavior (¢ = 1). Values of ¢ close to 1 have been reported in a number of
studies involving direct elicitation of farmers’ risk preferences through in-
terview measurement techniques and through less direct inferential ap-
proaches (see Hazell 1982 for a recent review).

With a default risk of 0.1 percent, the production pattern is insensi-
tive to changes in the risk-aversion parameter. If farmers are to obtain the
amount of credit they can profitably use, they are forced to pursue a risk-
averse strategy even when they are risk-neutral. The shadow price on the
debt default constraint is substantially larger than the 12-percent interest

8. The original model charged family labor at a reservation wage of 40 percent of the
hired laborers' wage. However, since this cost made little difference to the results for this
submodel, we deleted it in order to simplify the interpretation of the objective function.
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TABLE 3.2 Results under alternative assumptions about risk behavior, with no insurance
possibilities, Mexican model

Debt-default risk Debt-default risk
0.1 percent 1.0 percent
Risk-neutral Risk-averse Risk-neutral Risk-averse

Item =0 =1 (¢ =0) @=1
Income and utility measures
Expected utility (million pesos) 114.29 97.40 124.46 101.98
Average income (million pesos) 114.29 114.29 124.46 128.85
Standard deviation of income

(million pesos) 16.89 16.89 23.53 21.87
Coefficient of variation (percent) 14.78 14.78 18.10 17.66
Production (10° metric tons)*
Beans 6.54 6.54 2.10 2.10
Maize 60.27 60.27 74.54 72.22
Peanuts 9.00 9.00 9.00 9.00
Sesame 1.35 1.35 1.35 1.35
Inputs
Employment (10° months) 190.13 190.13 184.43 183.17
Credit (million pesos) 27.64 27.64 17.26 16.85
Agrochemicals (million pesos) S.12 5.12 2.19 2.19
Machinery (10° months) 0.72 0.72 1.17 0.87
Mules (10° months) 164.46 164.46 168.64 167.35
Shadow prices (percent return)
Credit requirement 31.53 21.36 12.00 12.00
Debt repayment 162.74 77.98 0.0 0.0

*Production of crops not listed (barley, lima beans, sorghum, wheat) is zero in all the model
solutions obtained.

charge on credit for both values of ¢. When the default risk is relaxed to 1
percent, the default constraint is no longer binding, and differences in
risk-averse behavior emerge. More maize is grown under risk-neutral than
risk-averse behavior.

Expected utility is always lower with risk-averse rather than risk-
neutral behavior. However, for a fixed level of the default risk parameter,
differences in risk-averse behavior have little or no cost in terms of the
average farm income forgone.

Relaxation of the debt default risk from 0.1 percent to 1.0 percent
permits a sizeable increase in expected utility, average income, and maize
production, irrespective of the risk-aversion parameter.’® A well-designed

9. The decline in the use of credit following a reduction in « is surprising. When the
default risk is 0.1 percent, much greater weight is given to reducing the standard deviation of
income, and this is achieved through a production pattern with greater emphasis on beans.
However, beans also have high credit requirements, both for seed and agrochemicals.
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insurance scheme, which acts to reduce the standard deviation of income,
should therefore usefully contribute to the goals of the SAM.

The maximum gain to farmers that could be attained through an
income insurance scheme can be deduced from table 3.2. Suppose farmers
actually have risk-aversion parameters of 1.0 and that the acceptable de-
fault risk to the bank is 0.1 percent. Then the predicted state of affairs
under equilibrium conditions corresponds to the second column of table
3.2. An ideal income insurance scheme, which ironed out all fluctuations
in income and which operated at zero cost, would have two effects. First, it
would lead farmers to act in a risk-neutral way so that the first column of
table 3.2 would more correctly describe their new behavior (that is ¢ = 0).
Expected utility would initially increase by 16.9 million pesos.

At the same time, however, the collapse of o, would reduce the risk of
default to zero, and this would be equivalent to a nonbinding debt default
constraint. As such, the third column of table 3.2 aptly depicts the final
equilibrium attained. The total gain to farmers in expected utility is there-
fore 124.5 — 97.4 = 27.1 million pesos (or 735 pesos per farm). Average
income increases by 10.2 million pesos, and maize production increases by
14,200 metric tons.

Of course, such an ideal insurance scheme could not be implemented
in practice. Even if it could, it would likely cost much more than the gain of
735 pesos per farm. Nevertheless, these calculations do demonstrate that
there are sizeable gains to be had from more realistically designed insur-
ance schemes. We turn now to an evaluation of some alternative and more
practical schemes.

The Crop Insurance Option

As discussed in chapter 8, there is already a national crop insurance
scheme in Mexico operated by Aseguradora Nacional Agricola y Gana-
dera, S.A. (ANAGSA). This is a credit insurance scheme that assists
farmers in repaying bank credit for insured crops in the event of damage
from certain natural disasters (for example, hail, flood, and drought).!®
The scheme is not very effective in the temperate, rain-fed areas, and three
additional crop insurance schemes were proposed as part of the SAM. A
key feature of these proposals was an intent to compensate farmers as well
as banks in the event of natural disasters, thereby enabling the government
to share more of the risks confronted by farmers. These insurance schemes
were specifically targeted for maize and beans.

With the aid of our model, we can proceed to an evaluation of these
schemes. The following questions were of particular relevance to the SAM.

10. For more details on ANAGSA, see chapter 8.
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Under what circumstances would any of the proposed insurance policies be
attractive enough to farmers that they might purchase them on a voluntary
basis? Were the schemes likely to have any impact on maize and bean pro-
duction? Would average farm incomes improve under these schemes?
Were there any other policies that might better attain the government’s
objectives?

In order to undertake the necessary model experiments, revenue de-
viation series for maize and beans had to be derived for each of the three
insurance schemes. These are shown in table 3.3 for traditional maize, and
in table 3.4 for beans. Indemnity payments for all three insurance schemes
are triggered by the event of certain natural disasters. Because these events
are difficult to identify in aggregate time-series data, we made the approxi-
mating assumption that a natural disaster occurred whenever the yield was
less than 80 percent of the mean yield. In the case of maize, this only hap-
pened in one of the ten years, but it happened in three of the ten years for
beans.

The first insurance scheme considered modifies the existing
ANAGSA scheme. Indemnities are paid for a crop whenever actual yield is
less than 80 percent of the mean yield. The indemnity is calculated accord-
ing to the formula

Iq‘ =141 — Q"'/Qj)sz

TABLE 3.3 Revenue deviations over a ten-year period for traditional maize, four
insurance options, Mexican model

Revenue deviations from mean
Price (pesos/hectare)
(pesos/  Yield Revenue Modified
metric  (tons/ (pesos/ Unin- ANAGSA Revenue Combined
Year ton)  hectare) hectare) sured insurance insurance insurance

1 1,987 0.653 1,298 —123.4 -—146.2 -—1479 -170.3
2 1,948 0.716 1,395 —165 —489 -50.7 =73.0
3 1,879 0.739 1,389 —32.7 -S§5.1 -56.8 -79.3
4 1,860 0.724 1,347 -746 —97.1 —98.8 —121.1
S 1,841 0.908 1,672 250.3 227.9 226.2 203.8
6 1,832 0.971 1,779 357.6 335.2 333.5 311.0
7

1,953 0.789 1,482 61.0 38.6 36.9 14.5

8 1,629 0.669 1,089 -331.5 -—3539 -—355.6 —378.0

92 2,070 0.570 1,180 -—-2414  -39.7 -24.1 177.6

10 2,001 0.791 1,583 161.5 139.1 137.4 115.0

Mean 1,900 0.750 1,421.4 0.0 0.0 0.0 0.0
Standard

deviation 122.6 0.118 213.7 196.7 196.4 205.9

2Year in which indemnities are paid.
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TABLE 3.4 Revenue deviations over a ten-year period for beans, four insurance options,
Mexican model

Revenue deviations from mean
Price (pesos/hectare)
{pesos/ Yield Revenue Modified
metric  (tons/ (pesos/ Unin- ANAGSA Revenue Combined
Year ton)  hectare) hectare) sured insurance insurance insurance
1 5,164 0.302 1,560 120.7 —90.0 -21.3 232.1
2 5,119 0.279 1,428 —10.6 —2214.0 —-152.6 —363.6
3 5,104 0.319 1,628 189.4 —-1.4 473 —163.4
4 5,049 0.296 1,495 55.7 —155.1 —-86.3 —297.1
5 5,014 0.206 1,033 —405.9 —50.9 —142.0 213.0
6° 5,159 0.183 944 —494.7 38.3 —-142.0 391.0
7 5,444 0.289 1,573 134.5 —76.3 -75 -—2183
8 5,528 0.394 2,178 739.2 528.5 597.2 386.4
9t 5,223 0.176 919 519.6 67.7 —142.0 445.2
10 4,698 0.347 1,630 191.4 —19.4 494 —161.4
Mean 5,150 0.279 1,439 0.0 0.0 0.0 0.0
Standard
deviation 228.8 0.071 385.0 204.3 224.4 319.8

*Year in which indemnities are paid.

where Q,; and Q; denote, respectively, actual and mean yields for the jt*
crop, and w; is the maximum amount of credit that can be borrowed from
the agricultural bank for that crop. This indemnity is designed to repay a
proportion of the credit borrowed (where the proportion is based on the
ratio of actual to mean yield) and to assist the farm family directly by add-
ing in an additional indemnity of 40 percent of the amount paid to the
bank.

The second scheme considered is a revenue insurance scheme.
Again, indemnities are paid if the yield is less than 80 percent of the mean
yield, but the indemnity is calculated according to the formula

I; =R; — Ry

that is, the difference between mean revenue and actual revenue.

Finally, a combined insurance scheme is considered, which pays an
indemnity amounting to the sum of the above. The proposed schemes are
subsidized by the government, but farmers would pay a premium each year
to obtain insurance protection. First, we evaluate the gross return to insur-
ance, assuming that the administrative costs of the scheme are fully subsi-
dized, and then explore the effects of reducing the subsidy.

Table 3.3 shows that maize is a moderately risky crop. The standard
deviation of uninsured revenues is 213.7 pesos, which when divided by the
mean revenue gives a coefficient of variation of 15 percent. This is much
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lower than for beans, which have a coefficient of variation of uninsured
revenues of 26.8 percent (table 3.4). Below is a decomposition of the com-
ponents of the revenue variances using equation 1:

Crop VIR) E(PYVIQ) E(QFV(P) 2E(P)E(Q)Cov(P,Q) Residual
Maize 45,686 = 50,266 + 8,460 -— 11,774 - 1,266
Beans 148,254 = 133,710 + 4,074 + 6,110 + 4,360

In both cases, yield variability is the main source of revenue instabil-
ity, suggesting that crop insurance may be useful. However, maize has a
negative correlation (—0.256) between price and yield, which weakens the
revenue-stabilizing role of crop insurance. Notice, too, that the lowest yield
does not occur in the same year as the lowest revenue. On the other hand,
beans have a small but positive correlation (0.086) between price and yield,
which enhances the role of crop insurance.

These expectations are confirmed in tables 3.3 and 3.4. The modi-
fied ANAGSA scheme reduces the standard deviation of maize revenues by
8 percent, but it reduces the standard deviation of bean revenues by
47 percent. The revenue insurance scheme has a similar impact, but the
combined insurance scheme is not nearly as effective.

On the basis of tables 3.3 and 3.4, it is tempting to exclude the
combined insurance scheme from further consideration, but this ignores
revenue covariance relations with the other crops (see equation 2). Table
3.5 shows the correlations between the insured revenue series for maize
and beans and the revenue series for all other crops in the model. The three
types of insurance have different correlations with other crops. For exam-
ple, the combined insurance series for maize is negatively correlated with
peanuts, while the modified ANAGSA and revenue insurance series are
positively correlated with peanuts.

The Crop Insurance Experiments

The model was allowed to choose between insuring or not insuring maize
and beans and to choose among the three insurance policies or any linear
combinations thereof. The experiments were repeated for two values of the
risk-aversion parameter, ¢, and with the debt default risk set at 0.1 per-
cent. Insurance is offered free of cost in these experiments in the sense that
the average indemnity paid is exactly equal to the premium charged. The
results are reported in table 3.6.

Bean production is reduced to the minimal level required to meet
family consumption in the insured solutions, and insurance is not pur-
chased. Maize insurance is attractive, though, and nearly all the maize
crop is insured when policies are available. Maize insurance is even pur-
chased on a voluntary basis when producers are assumed to be risk-
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TABLE 3.6 Impact of crop insurance under alternative assumptions about risk, debt-
default risk 0.1 percent, Mexican model

Risk-neutral Risk-averse
(=0 =1
Without With Without With

Item insurance insurance insurance insurance
Income and utility measures
Expected utility (million pesos) 114.29 124.47 97.40 106.10
Average income (million pesos) 114.29 124.47 114.29 124.27
Standard deviation of income (million

pesos) 16.89 18.37 16.89 18.37
Coefficient of variation (percent) 14.78 14.76 14.78 14.76
Production (107 metric tons)*
Beans 6.54 2.10 6.54 2.10
Maize 60.27 74.54 60.27 74.54
Peanuts 9.00 9.00 9.00 9.00
Sesame 1.35 1.35 1.35 1.35
Inputs
Employment (10° months) 190.13 184.43 190.13 184.43
Credit (million pesos) 27.64 17.26 27.64 17.26
Agrochemicals (million pesos) 5.12 2.19 5.12 2.19
Machinery (10° months) 0.72 1.17 0.72 1.17
Mules (10° months) 164.46 168.64 164.46 168.64
Shadow prices (percent return) )
Credit requirement 31.53 12.00 21.36 12.00
Debt repayment 162.74 0.0 77.98 0.0
Insured maize (percent area)®
Revenue insurance 7.2 0.0
Combined insurance 92.8 96.5

*Production of crops not listed (barley, lima beans, sorghum, wheat) is zero in model solu-
tions.
bBeans remained uninsured in model solutions.

neutral. This unusual result stems of course from the binding debt default
constraint.

Assuming ¢ = 1.0, then the maize insurance options considered
contribute toward meeting the SAM goals. Maize production increases by
14,270 metric tons (or 23.6 percent), expected utility increases by 8.7 mil-
lion pesos (or 236 pesos per farm), and average income increases by 10.2
million pesos (or 277 pesos per farm). Total credit needs also decline
sharply as bean production is curtailed (see footnote 9), and the debt de-
fault risk falls below 0.1 percent, so that the constraint is no longer bind-
ing. The decline in bean production is a minor disappointment, asis a 3
percent decline in total employment.
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Another interesting result in table 3.6 lies in the choice of insurance
policy. There is a definite preference for the combined insurance policy,
even though we found this to be inferior for reducing the standard devia-
tion of maize revenues in table 3.3. This result stems from the more nega-
tive correlations between peanuts, sesame, beans, and combined insured
maize than between these crops and modified ANAGSA, or revenue in-
sured maize (table 3.5).

The crop insurance options successfully reduce the likelihood of low
incomes (figure 3.2). More generally, insurance shifts the efficient mean-
income standard-deviation frontier upward, and increases the range of ef-
ficient plans that the farmer can consider (figure 3.3).

The potential gains from insurance are sensitive to the level of the
maize price assumed. Since the SAM also entailed a major increase in the
price of maize from the base-year (1976) price of 1,900 pesos per ton, addi-
tional model solutions were derived to show the effect of insurance on the
supply of maize under different price assumptions. Figure 3.4 summarizes
the results obtained with a risk-aversion parameter of 1.0.

The supply function corresponding to no insurance is quite elastic
over the price range 1,750 to 2,100 pesos per ton but becomes perfectly
inelastic at the latter price. At the base-year price of 1,900 pesos per ton, a
total maize surplus of 33,370 tons is marketed. If the price is increased to
2,100 pesos per ton, the surplus jumps to 47,640 tons.

When insurance is introduced, the surplus is also 47,640 tons at the
base-year price, and the supply function is totally inelastic at that point.
This means that price increases above the base-year price would not in-
crease the supply of maize when crop insurance is available. It is also clear
that a price increase of only 200 pesos per ton without any insurance
schemes provides the same surplus as the introduction of crop insurance
options. A simple price increase might therefore be the easiest way to in-
crease maize production. It would also serve to increase the welfare and
incomes of farmers. In the absence of any insurance, a 200-peso-per-ton
increase in the base-year price of maize would increase the expected utility
and average income by 530 and 682 pesos per farm. These amounts are
quite comparable to the gains obtained with ideal insurance at the base-

year price.

The Net Benefits from Insurance

So far we have considered only the gross benefits of insurance to farmers,
because the models assume that any premium paid is exactly equal to the
average indemnity. We now turn to the question of whether insurance
would still be desirable if farmers had to pay the administrative costs. We
shall also explore the effects of alternative levels of government support.
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FIGURE 3.2 Fluctuations in income, with and without insurance, Mexican model
Note: Default risk 0.1 percent, ¢ = 1.0.
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FIGURE 3.3 Efficient mean-income standard-deviation frontiers, with and without
insurance, Mexican model
Note: Default risk 0.1 percent, ¢ = 1.0.

For ¢ = 1, the model predicts a total gain in expected utility to
farmers of 8.7 million pesos, given the insurance options proposed for
SAM (table 3.6). Since insurance is voluntarily purchased for 95,965 hect-
ares of maize, or 96.5 percent of the maize area grown, the gain in ex-
pected utility per hectare is about 91 pesos. This is a direct measure of the
maximum premium that farmers should be willing to pay in order to pur-
chase that amount of insurance without being any worse off than not hav-
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FIGURE 3.4 Supply functions for maize, with and without insurance, Mexican model
Note: Default risk 0.1 percent, ¢ = 1.0.

ing insurance. The gain is clearly inadequate to cover the costs of insur-
ance. Although the full costs of the proposed schemes are not known, they
would probably be about 300 to 400 pesos per hectare in base-year (1976)
prices. In the absence of a substantial subsidy, the amount of insurance
purchased would obviously have to be less than the amount in the model
solution.

Figure 3.5 shows the model’s predictions of what happens with alter-
native levels of premiums (net of the average indemnity). The percentage
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FIGURE 3.5 Effect of increases in the insurance premium on maize production, Mexican

model

Note: Default risk 0.1 percent, ¢ = 1.0.

of maize area insured declines rapidly as the net premium is increased
from zero, and no insurance is purchased at all when the premium reaches
125 pesos per hectare. It seems that the proposed insurance schemes are
not at all viable at base-year prices without a substantial subsidy by the
Mexican government.
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A Panamanian Application
The Credit Insurance Program in Panama

The Panamanian government created the Instituto de Seguro Agrope-
cuario (ISA) in 1975 to protect farmers against climatic risk. Price risk was
not considered in the program, since the government operates a price sta-
bilization mechanism. Participation is now compulsory for those farmers
borrowing funds from government banks for all farming activities covered
by the insurance program. Participation is voluntary for farmers using
their own funds or funds from commercial banks. As of 1981, five crops
and three livestock activities were covered by ISA.

Approximately S percent of the cost of production of crops and 3
percent of the value of livestock are charged as insurance premium. In
return, farmers are covered by an amount roughly equal to 80 percent of
the actual costs of production. Each farmer gets his crop or animals in-
spected at least once. Additional inspections occur when a problem is de-
tected, or at the farmer’s request for technical assistance. Technical assis-
tance is automatic in the case of livestock, since the insurance program
provides for free vaccination. Claims can be filed for partial-yield or total- -
yield disasters. For a claim to be paid, the value of the harvest must not
exceed the amount covered by the insurance policy. The value of the in-
demnity is then computed as the difference between the salvage value of
the crop and the amount of coverage.

Guarare District Data

Data for the analysis were collected from representative farms in Guarare
district. Located just above sea level on the Azuero peninsula-in the mid-
section of Panama, this district is characterized by frequent droughts.
Rainfall varies between 800 and 1,200 millimeters per year. On average, it
is distributed quite evenly between July and December. This rainy period,
however, is somewhat erratic, sometimes starting as early as May, and
sometimes ending as late as January. The result is a farming system much
riskier than in most areas of Panama, and thus one that should benefit
most from the crop insurance program.

The vast majority of Guarare's farms are between 20 and SO hect-
ares, with livestock activities occupying nearly half of the available land.
Corn and sorghum are the main rain-fed crops, and tomatoes, green pep-
pers, plantains, and cassava are the main crops grown under irrigation.
Tobacco is also grown, but under allotments by contractual arrangement
with the national tobacco company. Farmers who grow tobacco do not gen-
erally grow other crops. Livestock are well suited to the region because of
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the poor land and are raised for both milk and beef. Year-old bull calves
are sold to intermediaries for further fattening. Heifers are kept for milk
production. Dairy companies send their trucks along fixed routes on a
daily basis.

The rain-fed crops, corn and sorghum, are almost totally mecha-
nized. Irrigated horticulture, on the other hand, is labor- and capital-
intensive, accounting for most of the labor use in Guarare. Tomatoes are
the main irrigated crop, grown by contractual arrangement with a private
concern, which buys a predetermined amount at a predetermined price.
Unlike tobacco farmers, tomato farmers also engage in other farming ac-
tivities.

The Farm Model

The model is constructed for a representative 40-hectare farm, and it in-
cludes the district’s principal production activities—corn, sorghum, toma-
toes, green peppers, plantains, cassava, and livestock. Tobacco is not
included, since it is grown on specialized farms. Alternative production
activities are identified for most crops, reflecting different planting dates,
and in the case of corn, different levels of labor, fertilizer, and pesticide
use. However, not all the land is suitable for all activities, and three land
types are differentiated: 20 hectares are suitable for rain-fed maize and
sorghum only; 2 hectares are irrigated and can grow tomatoes, peppers,
plantains, and cassava; and 18 hectares are suited only for pasture and
livestock. Labor requirements are specified on a bimonthly basis and can
be met by the farm family at zero cost or by hiring labor at a fixed wage.

Family food constraints are imposed for corn, cassava, milk, and
beef. Beef must be homegrown, but the requirements for corn, cassava,
and milk can be met from either home production or through local pur-
chases.

Credit is required in the model to cover the costs of seeds, fertilizers,
pesticides, machinery hire, and wage labor. Since very few farmers own
machines, all machinery services are assumed to be hired. Farmers are
assumed to have $500 of their own funds for on-farm investment. Other-
wise, their credit needs must be met by borrowing from commercial or gov-
ernment banks at an interest charge of 14 percent. In the case of tomatoes,
sorghum, and input-intensive maize, the model can choose between in-
sured or uninsured loans. However, anly uninsured loans are offered for
other production activities.

The debt repayment constraint in the model is identical to that de-
scribed in equation 9. The minimum income requirement, which includes
the value of home-consumed foods, is set at $1,800 in 1981 prices. We also
assume that farmers maximize mean-income standard-deviation utility,
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where income is defined to include the value of all homegrown foods but is
net of any subsistence foods purchased from local sources.

Since prices are fixed by the government each year, the risk coeffi-
cients are calculated to reflect yield risks at 1981 prices. Revenue data per
hectare for the years 1977 to 1981 were obtained from six farmers. These
were adjusted to 1981 prices and averaged to obtain the series in table 3.7.
Time-series data could not be obtained for plantains, cassava, or livestock.
Since these activities are known to have very low yield risks, we simply as-
sumed that they had zero risk. Data could not be obtained on uninsured
tomatoes, because virtually none are grown, so we did not include this ac-
tivity in the model.

A drought in 1977 was responsible for a complete yield failure for
maize, and only farmers with insurance coverage received any return that
year. Similarly, a late rainfall in 1979 was responsible for a sorghum fail-
ure, and only insured sorghum had a nonzero return.

The coefficients of variation of the uninsured crops are very large. In
the Mexican study, for example, the coefficient of variation of maize reve-
nues was only 15 percent (table 3.3). This is less than one-third of the com-
parable coefficient in Guarare. Fortunately, the returns from the different
crops are not highly correlated, and there is considerable scope to diversify
across activities to reduce the coefficient of variation of total farm income.
Indeed, as table 3.8 shows, there are very healthy negative correlations be-
tween maize and sorghum and between maize and tomatoes. It is also ap-
parent that the insured options for maize and sorghum have quite different
patterns of association between themselves and with other crops than do
their uninsured counterparts.

TABLE 3.7 Revenue for maize, sorghum, tomatoes, and peppers, Panamanian model,
1977-81 (dollars/hectare)

Maize Insured
modern Insured Insured

Year Traditional Modern maize Sorghum sorghum tomatoes Peppers
1977 0 0 489 581 581 3,325 1,760
1978 378 540 540 465 465 3,500 3,000
1979 427 610 610 0 464 3,150 2,100
1980 469 671 671 768 768 3,300 1,800
19814 436 623 623 505 505 3,000 5,500
Average 342 489 587 464 557 3,255 2,832
Standard

deviation 194 277 72 284 127 189 1,573
Coefficient of

variation

(percent) 56.7 56.7 12.3 61.3 229 5.8 $5.5

Note: The insured crop returns are gross of the annual premiums.
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TABLE 3.8 Correlation coefficients between revenues for maize, sorghum, tomatoes, and
peppers, Panamanian model

Insured Insured  Insured
Crop Maize maize  Sorghum sorghum tomatoes Peppers
Maize 1.00
Insured maize 0.86 1.00
Sorghum -0.17 0.06 1.00
Insured sorghum 0.03 0.43 0.75 1.00
Insured tomatoes -0.29 —0.48 0.28 0.12 1.00
Peppers 0.35 0.20 0.06 —0.41 -0.57 1.00

Analysis of the Economics of Insurance

Basic model results (table 3.9) are obtained by excluding all the insured
options for maize and sorghum from the model. As in the Mexican study,
we set the debt default risk at 0.1 percent and solved for different values of
the risk-aversion parameter, ¢.

Under the risk-neutral assumption (¢ = 0), the model calls for gen-
erous amounts of the high standard-deviation crops to be produced:
maize, sorghum, and tomatoes. However, because of the negative correla-
tions between the revenues of these crops (table 3.8), and because of the
high average returns from tomatoes, the coefficient of variation of income
is only 20 percent. This is considerably less than the coefficients of varia-
tion of revenues reported for the individual crops in table 3.7. It is even
comparable to the income risk in Mexico (table 3.2). The maize, sorghum,
and tomatoes produced declines rapidly as the risk parameter increases,
while cassava production increases. These changes lead to a dramatic de-
cline in the standard deviation of income but only at the expense of some
sacrifice in average income.

The debt default constraint is binding for ¢ values of 0.5 and less. In
these cases, farmers are forced by the bank to act in a risk-averse way in
order to obtain as much credit as they can profitably use. The amount of
uninsured credit borrowed declines significantly between risk-neutral (¢
= 0) and reasonable risk-averse (¢ = 1) behavior, largely as a reflection of
the decline in maize and sorghum production. Insured credit is borrowed
exclusively for tomatoes in these model solutions, since the insurance op-
tions for maize and sorghum have been deleted.

In all the solutions in table 3.9, maize is produced exclusively with
traditional techniques (low fertilizer and low pesticide), rather than with
modern (or more input-intensive) techniques. Since one of the objectives of
the ISA scheme is to encourage the use of modern technologies, we shall be
interested to see if there is a switch in the choice of technique when the
insurance options are introduced.
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TABLE 3.9 Results under alternative assumptions about risk behavior, debt-default risk
0.1 percent, Panamanian model

Value of ¢

Item 0.0 0.5 1.0 1.5 2.0
Income and utility measures
Expected utility (dollars) 4,719.0 4,249.0 4,057.0 4,012.0 4,010.0
Average income (dollars) 4,719.0 4,719.0 4,234.0 4,017.0 4,015.0
Standard deviation of income

(dollars) 942.0 942.0 178.0 3.0 2.0
Coefficient of variation (percent) 20.0 20.0 4.2 0.1 0.1
Sales
Maize (100 kilograms) 186.1 186.1 10.0 0.9 0.4
Sorghum (100 kilograms) 359 35.9 0.0 0.2 0.6
Tomatoes (100 kilograms) 587.0 587.0 565.4 34.9 328
Peppers (100 kilograms) 0.0 0.0 313 0.0 0.0
Cassava (100 kilograms) 90.3 90.3 83.6 241.4 242.0
Milk (litres) 25,520.0 25,520.0 25,520.0 25,520.0 25,520.0
Beef (kilograms) 8,700.0 8,700.0 8,700.0 8,700.0 8,700.0
Inputs
Employment (days) 525 525 452 328 328
Uninsured credit (dollars) 4,569 4,569 3,344 3,239 3,239
Insured credit (dollars) 2,163 2,163 2,083 129 121
Technology choice (percent area)
Traditional maize 100.0 100.0 100.0 100.0 100.0
Modern maize 0.0 0.0 0.0 0.0 0.0
Shadow prices (percent return)
Credit requirement 17.38 14.57 14.0 14.0 14.0
Debt repayment 24.12 4.10 0.0 0.0 0.0

Table 3.10 summarizes the impact of insurance for maize and sor-
ghum. As for Mexico, we only report the results for ¢ values of 0 and 1
corresponding to risk-neutral and reasonable risk-averse behavior. These
experiments also assume that the administrative costs of insurance are
fully subsidized. That is, the average indemnity is assumed to exactly equal
the premium paid.

With ¢ = 1, crop insurance leads to a gain in expected utility of
$256, or $34.8 per hectare of insured maize. The actual premium charged
by ISA is about $17 per hectare, and this is gross of indemnities paid. In-
surance for maize is clearly a viable proposition for Guarare farmers. In
fact, additional results confirm that the maize crop would be fully insured
on a voluntary basis for premium levels net of indemnities as high as $50
per hectare. However, the area of maize grown declines rapidly for net pre-
mium rates above $35 per hectare.
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TABLE 3.10 Impact of crop insurance under alternative assumptions about risk behavior,
debt-default risk 0.1 percent, Panamanian model

Risk-neutral Risk-averse
(6 =0) @=1)
Without With Without With

Item insurance insurance insurance insurance
Income and utility measures
Expected utility (dollars) 4,719.0 5,235.0 4,057.0 4,313.0
Average income (dollars) 4,719.0 5,235.0 4,234.0 4,685.0
Standard deviation of income

(dollars) 942.0 1,108.0 178.0 373.0
Coefficient of variation (percent) 20.0 21.2 4.2 8.0
Sales
Maize (100 kilograms) 186.1 702.0 10.0 361.7
Sorghum (100 kilgrams) 35.9 136.1 0.0 3.1
Tomatoes (100 kilograms) 587.0 337.1 565.4 584.7
Peppers (100 kilograms) 0.0 0.0 31.3 5.2
Cassava (100 kilograms) 90.3 158.7 83.6 88.9
Milk (litres) 25,520.0 25,520.0 25,520.0 25,520.0
Beef (kilograms) 8,700.0 8,700.0 8,700.0 8,700.0
Inputs
Employment (days) 525 607 452 548
Uninsured credit (dollars) 4,569 3,165 3,344 3,178
Insured credit (dollars) 2,163 7,403 2,083 4,838
Technology choice (percent area)
Traditional maize 100.0 0.0 100.0 0.0
Modern maize 0.0 100.0 0.0 100.0
Shadow prices (percent returns)
Credit requirement 17.4 17.7 14.0 14.0
Debt repayment 24.1 26.2 0.0 0.0
Insurance (percent area)
Maize 0.0 100.0 0.0 100.0
Sorghum 0.0 100.0 0.0 0.0

Maize insurance leads to a very significant increase in maize produc-
tion when ¢ = 1, and this is accompanied by a complete switch to the more
intensive production techniques. This leads to a 21-percent increase in
farm employment and a very substantial increase in the amount of credit
borrowed, particularly insured loans.

Insurance also leads to a significant reduction in the standard devia-
tion of income for given levels of average income, as shown by the upward
rotation of the efficient frontier in figure 3.6. As in Mexico, the range of
efficient plans that the farmer can consider is also increased by insurance.
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FIGURE 3.6 Efficient mean-income standard-deviation frontiers, with and without
insurance, Panamanian model
Note: Default risk 0.1 percent, ¢ = 1.0.

Conclusions

In this chapter we have used normative planning models to evaluate crop
insurance schemes at the farm level. These models assume that farmers
make rational economic decisions and, in particular, that they adhere to
the behavioral postulates of expected utility theory.

Some may object to this normative approach on the grounds that
peasant farmers need to take account of complex socioeconomic consider-
ations not included in the model. Our defense is quite simple. A good in-
surance scheme should pass the test of rational economic behavior as well
as be acceptable to farmers. If an insurance scheme fails to pass the ratio-
nality test, then the scheme’s proponents should be required to reveal those
aspects of farmers’ behavior (which might be called irrational) that justify
implementation of their scheme.

Two particularly attractive features of our farm modeling approach
are its ability to evaluate crop insurance schemes within the context of the
whole farm plan and its ability to take formal account of covariances be-
tween activity returns in determining income variability. Both features
turned out to be surprisingly important in our applications. They often led
to very different results from those obtained by evaluating individual crop
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insurance schemes independently of a farmer’s other decisions and inde-
pendently of his fortunes with respect to other crops.

The Mexican application shows that crop insurance schemes for
maize are attractive in the rain-fed areas only if they are heavily subsi-
dized—about two-thirds of the cost of operating the insurance scheme. In-
surance for beans is even less attractive, despite the fact that this crop has a
higher coefficient of variation of returns than maize.

Subsidized maize insurance could lead to a significant increase in
maize production and to a definite improvement in farmers’ income and
expected utility. Since these outcomes are consistent with the goals of the
national food plan (SAM), there is some argument for proceeding with a
subsidy. Nevertheless, as is argued in chapter 7, such a subsidy should be
carefully evaluated within the context of the national economy. Our results
also show that a maize price increase of about 200 pesos per ton from the
1976 base price might be just as effective as crop insurance in achieving the
SAM goals, but presumably at a considerably lower cost.

These results for Mexico were obtained under the assumption that
farmers continue to use traditional techniques for maize production. An-
other element of the SAM policies was the propagation of more intensive
maize technologies. Experimental data show that use of improved seed
and more intensive use of agrochemicals could more than double maize
yields under rain-fed conditions. If such a technology was widely imple-
mented, the returns to insurance might be much larger than suggested
here (see the analysis in Sistema Alimentario Mexicano/IFPRI 1982).

The results from Guarare district in Panama were more encouraging
for insurance. We found a very high return to farmers from ISA’s maize
insurance, sufficiently high in fact that the scheme should be viable with-
out any subsidies. Insurance for sorghum, however, proved to be much less
remunerative. It should be remembered that Guarare district is one of the
riskiest agroclimatic zones in Panama, and our findings cannot be general-
ized to Panama as a whole. In fact, in a similar study of insurance in Bu-
gaba district, which is perhaps more representative of Panamanian agri-
culture, we found that ISA’s crop insurance schemes would not be
attractive to farmers.

Four caveats are in order. First, the analysis assumes that farmers
are equally and reasonably risk-averse. In fact, farmers differ quite widely
in their risk attributes (see Binswanger 1980 and Dillon and Scandizzo
1978), which could make an enormous difference in their desire for crop
insurance. At best, our results pertain to the representative farmer.

Second, we have had to rely on aggregate data in measuring individ-
ual crop variability. In the Mexican case, we used published district-level
data, while in Panama we used pooled data obtained from six farmers. The
use of aggregate data tends to understate the degree of risk confronted by
individual farmers. In fact, a downward bias will always exist so long as the
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returns from individual crops are not perfectly and positively correlated
across farms. Again, while our results may make some sense for the repre-
sentative farm, the economics of insurance for individual farms could be
quite different than reported here.

Third, the time series used were short; ten years for Mexico and only
five years for Panama. The results are therefore likely to be sensitive to the
outcomes for extreme years (or the lack of extreme years). They may not
adequately reflect the true probability distributions of outcomes. This is a
data problem rather than a methodology problem, but it is one that is
likely to confound any analysis of agricultural insurance, particularly when
conducted in the planning stage.

Fourth, our models do not incorporate some of the traditional risk-
sharing methods discussed in chapter 2. Seasonal migration, for example,
may be a useful way to help stabilize incomes in the two study areas. Omis-
sion of these considerations may have led us to overvalue the returns to
publicly sponsored crop insurance programs.
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Risk Aversion, Hans P. Binswanger
Collateral Requirements,

and the Markets for

Credit and Insurance

in Rural Areas

It has long been recognized that rural credit markets are incomplete.
This is because many classes of borrowers have little or no access to credit
from formal institutions, and they often borrow small amounts informally
at what appear to be excessive interest rates.

It has now also become clear that the market for comprehensive crop
yield insurance has, in nearly all cases, failed. While some specific yield
insurance (hail, flooding) is provided by private companies in developed
countries on a profit-making basis, general yield insurance comes into ex-
istence or survives only because of government subsidies.

The failure of crop yield insurance markets does not arise from lack
of demand for the stabilization of consumption and income. Recent exper-
imental studies indicate that farmers in developing countries are poor and
typically risk-averse.' Furthermore, capital markets are also poorly devel-
oped, which in principle should increase the demand for insurance on the
part of risk-averse farmers. Finally, yield risks are primarily weather re-
lated and probability information on weather is not exceptionally difficult
to find.

This chapter attempts a systematic exploration of the causes of the
serious difficulties of both rural credit and yield insurance markets. I trace
these difficulties to an identical set of information, incentive, and manage-
ment problems that arise in spatially dispersed agricultural production
systems.

It is a common observation that people do not freely provide their
transaction partners with information. Indeed, people normally attempt to
take advantage of lenders’ and insurers’ information difficulties unless the
contracts and information-gathering procedures are structured to pre-
clude such opportunistic behavior. In the insurance literature, these prob-
lems are known as moral hazard and adverse selection. They also apply to

1. See in particular Binswanger (1980), Sillers (1980), Walker (1980), Grisley (1980),
and Binswanger and Sillers (1983).
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a much wider array of economic transactions and will simply be referred to
as incentive problems in this chapter.

The Assumptions

Two sets of assumptions, behavioral and technological, form the basis of
the analysis.2

Behavioral Assumptions

All individuals are self-interested in their own utility (B-1), they value con-
sumption (B-2), and dislike effort (B-3). They are also risk-averse when-
ever gains and losses exceed trivial amounts (B-4), though the extent of
risk aversion may vary among individuals.

Technological Assumptions

Information is costly to acquire (T-1). Production depends on at least five
primary factors (T-2)—Iland, labor, live capital (livestock and trees), ma-
chines, and human capital (management and other skills). Of these, land
is immobile (T-3), and this predetermines the peculiar geographic distri-
bution of agricultural production.

Transport and travel costs are high (T-4), though they decline with
development. The spatial transmission of information is also costly and
time consuming (T-5), particularly in the absence of telephone networks.

There are five sources of risk (T-6). Yield risk, price risk (prices are
usually unknown at the time production inputs are committed), uncertain-
ties about the timing of input because of weather, breakdown risk for ma-
chines (and animals), and the risk of illness and accident for farmers.

Yield risk and timing uncertainties are weather-induced, and this
causes them to be covariate (T-7). If farms in a region grow similar crops,
then price risks will be covariate as well. Breakdown risk and the risk of
accident and illness are much less covariate except during disastrous
events like floods, epidemics, and war.

All of these assumptions could individually apply to nonagricultural
pursuits, but their combination is unique to agriculture. The following as-
sumptions are especially important: T-2, the five primary factors; T-3, im-
mobile land, which leads to a spatial pattern of production unique to agri-

2. These assumptions are taken from a larger model, currently in preparation, which
is concerned with production relations in agriculture.
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culture; T-6, yield and timing risks, which are especially severe for
agriculture, and breakdown and life-cycle risks, which are universal; T-7,
risk covariance, in small regions especially—for most nonagricultural ac-
tivities, any risk covariance arises largely from the price or final demand
side, not from technological relations.

In exploring the consequences of these assumptions for credit and
insurance markets, an important point must be kept in mind. The prob-
lems they create for credit and insurance markets are real, but they are
often overcome by investments in information, special contracts, or adap-
tive institutional features. Analyzing them in detail has four purposes.
First, it helps explain institutional adaptations to those problems we ob-
serve in the real world. Second, for agencies or firms in charge of providing
credit or insurance in rural areas it provides a checklist of problems that
they should expect and must solve if they are to operate successfully.
Third, it directs us to explore technological or institutional solutions that
might enable previously infeasible markets or institutions to operate.
Fourth, if analysis shows that certain incentive problems cannot be solved
at reasonable cost, it directs us to problem solutions beyond the confines of
credit or insurance markets.

General Consequences

Eight general consequences follow from the assumptions. They are dis-
cussed in detail below.

Asymmetric Information (G-1)

Information has value and is costly to acquire (T-1). Since individuals are
selfish (B-1), they will not part with information they possess unless it is to
their advantage. For example, high-quality workers will want employers to
have accurate information about workers’ quality, while inferior workers
would prefer that their employers not know. The same applies to borrowers
and the insured. (Problems of asymmetric information arise to some extent
in virtually all economic transactions. Sellers of seeds and animals know
more about their quality than do buyers, and they may choose to misrepre-
sent this quality.)

Incentive Problems (G-2)

Whenever information is costly (T-1) and asymmetrically distributed (G-
1), incentive problems arise in economic transactions.
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Moral hazard. Daily-paid laborers have no incentive to work hard
unless supervised closely, either through direct observation of their effort
or inspection of their output. Incentives to work hard may be improved
through share contracts, such as piece rates for specific tasks, or crop-
sharing tenancy contracts.’ However, since workers receive only a share of
the full marginal product of their effort, they will still not work as hard as if
they were owner/farmers, unless they are also supervised or monitored or
are penalized in future contracts. Farmers whose crops are insured against
all risks relative to a normal level of output also will usually not use as
much care, precaution, or inputs as if their crops were uninsured. It is in
this context that incentive problems were first called moral hazard prob-
lems. Unless the insurance company can stipulate input and care levels
and observe or monitor them at low cost, insurance contracts may lead to
inefficient resource use. Many contracts anticipate this and include coin-
surance clauses; that is, they insure only a fraction of the shortfall in pro-
duction or of the crop damage. With such clauses, the insured again has a
partial incentive to use proper care and input levels, a situation very simi-
lar to share contracts or piece-rate payments.

Adverse selection. When it is hard for one partner in a transaction to
distinguish among potential partners of differing quality, screening prob-
lems arise. Insurers call these adverse-selection problems. Among a group
of potential insurance clients, those with a high exposure to risk will find
insurance most attractive. The insurance company will attempt to distin-
guish high-risk from low-risk individuals and charge higher premiums to
the high-risk ones. If it cannot easily distinguish between them, it will use
more easily observed variables such as age, sex, race, caste, and so on,
which are perceived to be correlated with risk. If it cannot distinguish
among individuals at all, insurers will set the premiums so high that only
high-risk individuals find the insurance attractive and apply. The insur-
ance market then fails to exist for low-risk individuals. The presence of
high-risk individuals who cannot be identified imposes a cost on low-risk
individuals and forces the insurance company to use the terms of the con-
tract to screen individuals into homogenous groups.

Screening effects. Similar situations have been hypothesized in other
markets. Screening literature contains examples of how employers (Weiss
1980), landlords (Newbery and Stiglitz 1979), and creditors (Stiglitz and
Weiss 1981) structure employment, tenancy, and credit contracts so to
lead employees (tenants, debtors) to reveal crucial information through
their choice of contracts. The most important finding of the screening liter-

3. For a review of the literature on contractual arrangements in agriculture, see
Binswanger and Rosenzweig (1984).
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ature is the same as for insurance: low-quality applicants impose a cost on
high-quality applicants and may lead to the disappearance of the market.

Imperfect Enforcement of Property Rights (G-3)

Where acquisition of information is costly (T-3) and asymmetrically dis-
tributed (G-1), property rights cannot be perfectly enforced. There is some
positive incentive for theft when it is easy to conceal the identity of the
thief; that is, when costs of ascertaining who did it are very high. Many
legal and cultural institutions are adaptations to this problem; that is, they
reduce costs of information or increase penalties for theft. Furthermore,
other things being equal, the cost of information is lower and the penalties
in terms of future opportunities higher in small, immobile communities
than in large, mobile ones.

Desirability of Insurance Contracts and
Insurance Substitutes (G-4)

Given risk (T-6) and risk-averse behavior (B-4), most individuals would be
willing to pay some positive amount to reduce their exposure to risk.
Where insurance is unavailable, they would be willing, at cost to them-
selves, to alter their behavior to reduce their exposure to risk. Such behav-
ior includes holding reserves, diversifying prospects, lowering input levels,
investing in creditworthiness, and relying on family ties. (Chapter 2 dis-
cusses this phenomenon extensively.)

Collateral Requirement (G-5)

A collateral requirement affects borrowers’ and lenders’ utility in complex
ways. First, when borrowers intend to pay back their loans, default can
only be a consequence of bad luck. Equation 1 shows that for a given inter-
est rate, i, and loan size, L, raising the collateral value from zero to some
positive amount raises the expected return, E, to the lender.

EL)=i1—n)L + [C — L1 + )]n. 1)

In this equation, n denotes the probability of failure of the investment, and
C is the value of the collateral to the lender. With zero collateral (C = 0),
the expected return is equal to the interest earnings, i L, multiplied by the
probability of repayment (1 — =), minus the value of the loan plus interest
times the probability of default (assuming that loans are either fully repaid
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or fully defaulted on).* As collateral is added, the second term increases
progressively, with only the difference between the collateral and the loan
amount plus interest being lost. Note that by raising the collateral value to
levels larger than the loan size plus interest, the expected return can be
made larger than the rate of interest, a technique that can be used to cir-
cumvent the impact of interest rate ceilings.

Thus, from the point of view of expected return, interest and collat-
eral are substitutes. It is feasible to achieve a given expected return on a
loan by various combinations of interest rates and collateral values. If
lenders are risk-neutral and borrowers are known not to default intention-
ally, and if both lenders and borrowers have the same information about
the probability distribution of the outcomes of the investment financed by
the loan, lenders will be indifferent between the two methods of achieving
the expected return. If the expected return is sufficiently high, they will
make the loan despite the possibility of losing their entire capital in the
event of (unintended) default.

Collateral between zero and the amount of the loan shifts a portion of
the potential capital loss from lenders to borrowers. If the borrowers are
risk-neutral, they do not care whether collateral is or is not required: the
expected value of the capital loss in the bad-luck case is offset by the lower
expected interest costs in the good-luck case.

Now consider risk-averse borrowers. The fact that the expected value
of the capital loss is just equal to the expected value of the interest rate
reduction in the good-outcome case is not sufficient to make them indiffer-
ent to the imposition of collateral. The large potential capital loss implies a
high utility loss. Risk-averse borrowers would therefore rather accept a
high-interest contract that allows them to default (involuntarily) in bad-
luck cases at no additional cost. With risk-neutral lenders, there should
not therefore be a collateral requirement for honest borrowers. Conversely,
risk-averse lenders will insist on some collateral, even if they know the bor-
rowers intend to repay. We thus see that collateral is a risk-sharing device,’
and that the way in which agents view collateral requirements depends on
their attitudes toward risk.

The most serious problem facing lenders, whether risk-neutral or
risk-averse, is that normally they cannot know borrowers’ intentions about

4. A more realistic repayment function is used by Virmani (1981), where partial re-
payment is made when the borrower’s investment yields less than the principal plus interest.
Full default would occur only when the project outcome is so bad that partial repayment
becomes infeasible. However, a collateral requirement increases the lender’s returns in Vir-
mani'’s case as well.

S. It differs in its risk-sharing dimension from a crop-sharing contract, where the
sharing only “insures’ the return on the loan of the capital item—land—and not of the capi-
tal itself. Since land is not used up in the production process, there is no need to insure it.
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paying back their loans. If there is no collateral requirement, utility-
maximizing borrowers will default if the utility of their current wealth (W)
less the loss of future earnings from default (D) exceeds the utility of
wealth when the loan amount plus interest is repaid. Formally, the default
condition is U(W — D) > U[W — L(1 + ).

Utility cost of default is higher the lower the mobility of the borrow-
ers, who are easier to trace. Their assets can be attached and word of their
default transmitted to other potential lenders. The following important
implications follow: other things being equal, lenders are more likely to
lend without collateral for small loans rather than for large ones, to owners
rather than to tenant farmers, and to resident workers rather than to mi-
grant workers. ‘

Some institutions specialize in lending without collateral; some have
specialized loan instruments that do not require collateral. These institu-
tions either select customers whose characteristics indicate that they have
high repayment incentives or loan small amounts compared to the income
of the borrowers.

The utility cost of default on large loans is almost always less than the
value of the loan, and collateral makes up for the lack of incentive to repay.
The default condition then becomes U(W — D — C) > U[W — L(1 + i)].
When the loss of future earnings plus collateral is greater than the loan
amount plus interest, D + C > L(1 + i), all incentives for default are
removed. Thus when lenders compete and when there are no interest rate
ceilings, full collateral for principal plus interest will only be demanded if
lenders believe that the loss of future earning opportunities associated with
default is negligible. For a given loan size, the incentive effect of the same
collateral amount thus varies with the personal characteristics of the bor-
rowers, since these determine D. Personal characteristics thus enter into
loan transactions in a way irrelevant in the transaction of goods; an imper-
sonal credit market is not feasible.

To summarize, at a given interest rate, collateral has three effects or
functions: it increases the expected return for borrowers; it partly or fully
shifts the risk of loss of the principal from lenders to borrowers; and it
provides those borrowers with low disutility of default with an additional
incentive to repay their loans. We now apply these insights to the issue of
capital constraints for the owners of small and large farms.

Consequences of Collateral for Credit Markets (G-6)

From the discussion of the collateral problem, it is clear that small-scale
farmers who do not own land (or other assets acceptable as collateral) will
generally not be able to borrow to invest in fertilizer or other inputs.
Rather, they will have to invest out of savings or establish input sharing
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arrangements with landowners. The credit market does not exist for them.
On the other hand, large-scale landowners can obtain credit on favorable
interest and collateral terms, since the only reason for collateral in their
case would be to shift production risks away from the lender.®

Small-scale landowners are eligible for loans, but lenders will usually
insist on higher levels of collateral than for large-scale owners, to compen-
sate for the higher risk of intentional default. This shifts risk of capital loss
to small-scale landowners and increases the expected cost of the loan as
well. Thus these loans are more risky and more expensive than those ex-
tended to large-scale farmers, and the utility cost is higher.

Small-scale landowners may of course attempt to shift risk back to
the lenders by paying higher interest rates in exchange for a reduction in
collateral. However, even risk-neutral lenders will accept such an exchange
only if it leaves their expected return as large as that from loans to large-
scale landowners and as long as the collateral provides sufficient incentive
for repayment. If the disutility cost of the loan is sufficiently high, small-
scale landowners may stop borrowing altogether. The credit market for
small-scale landowners may disappear because of a lack of demand, de-
spite the fact that they have available collateral.

It is thus clear that the full utility cost of borrowing (relative to other
alternatives), including the extra risk, is higher for small-scale landowners
than for large-scale ones. The loan market may disappear for small-scale
landowners from the demand side if the utility cost of loans exceeds the
utility benefits from their investment. The market may also disappear
from the supply side for owners who do not own assets in forms acceptable
as collateral, or who already have high debt/equity ratios and have used up
all this collateral.”

Insurance as a Partial Collateral Substitute (G-7)

Can borrowers obtain unsecured loans more easily if they take out insur-
ance that reduces the loss from some disaster and thus reduces the proba-
bility of default? Following the same approach as in the previous section,
we consider the effects of insurance on the rate of return, the risk of capital
loss, and the incentives for repayment.

6. Many government-subsidized rural credit schemes are poorly managed and allow
large-scale farmers to use their political power to press the government to accept default on
their part. Such systems cannot survive in the long run in the absence of continued govern-
ment subsidies, and they are not considered here.

7. When insurance markets are poorly developed, an open credit line substitutes for
insurance by allowing borrowing after disastrous events. If the collateral value of land has
already been fully used to secure credit for production purposes, no further credit lines are
available and exposure to risk is substantially increased.

74



Markets for Credit and Insurance in Rural Areas

Suppose a loan is to be invested entirely on the borrower’s farm, that
the loan is a current-account overdraft facility, and that the insurance pays
off the loan in the event of hail damage. (Hail insurance circumvents the
moral hazard issue of general crop insurance.) The insurance alters the
probability distribution of returns from the investment by reducing the
probability of one type of loss and by reducing the expected return from
the investment by the premium amount. In equation 1, the insurance re-
duces the probability of default n. If the insured risk is independent of
other risks, then

T = ny + mo, 2)

where ny is the probability of hail damage, and no is the probability of
failure from other causes. If the insurance is also actuarily fair (that is,
there are no management costs), the insurance amounts to a mean-
preserving reduction in the spread of the distribution of returns to the bor-
rower. It leaves the expected return unchanged but reduces its riskiness.
Additional premiums to cover management costs would shift the mean of
the distribution of returns downward.

Banks view unsecured loans to insured borrowers (who pay the pre-
miums) as more attractive than loans to uninsured borrowers. In equation
1, with C = 0, the expected return of the loan will go up by the sum of the
principal plus interest times ny, the probability of hail-induced default.
Thus insurance, like collateral, increases the expected return of the loan.
However, this increase is smaller than that resulting from a collateral re-
quirement, since collateral is realized for all causes of default while insur-
ance is tied to specific risk, such as hail. In addition, hail insurance does
not provide borrowers who intend to default, any additional incentive to
repay, since their default condition is unaltered. In the event of hail dam-
age, these borrowers will keep the insurance indemnity and default on
their loans.

Insurance shifts a portion of the risk of a capital loss due to hail away
from the bank and to the insurance company. Risk-averse borrowers will
demand insurance (which is not collateral-specific in this case) without
compulsion, unless it is very expensive.

We therefore see that insurance is only a partial substitute for collat-
eral. While it increases the rate of return to the bank on an unsecured loan
and shifts part of the capital-loss risk away from the bank, it is tied to
specific events. Collateral, on the other hand, can be collected in the event
of any disaster. From the point of view of an honest, risk-averse borrower,
insurance is more desirable than collateral, since it shifts the risk of capital
(collateral) loss for the insured risk to the insurance company.

There is, however, a monitoring function that insurance companies
perform. If uninsured borrowers are in difficulty because of hail damage
and ask for rescheduling of their debts (whether secured by collateral or
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not), the banks have to assess whether their difficulties are indeed caused
by hail (that is, nonintentional) or whether they are under the borrowers’
control. For insured borrowers, the insurance company makes the assess-
ment and can provide banks with accurate information that would other-
wise be costly to obtain. If the damage assessment requires specialized
skills, an insurance company may generate such information more cheaply
than a bank could.

In sum, insurance on favorable terms does have some of the same
effects as collateral, and in certain circumstances it may even convert non-
borrowers into borrowers or increase the size of loans to existing borrow-
ers. Thus efficiency gains may indeed arise in the capital market. However,
insurance does not generally solve problems arising from lack of incentive
to repay, except when insured disasters occur.

Collateral Insurance, Tie-In Sales. and Compulsion (G-8)

Lenders routinely require or force borrowers to insure houses or motor ve-
hicles that are used as collateral. When the market value of collateral is
equal to the loan amount, and the only way lenders can collect is by fore-
closure on the collateral, the lenders carry all the investment risk from haz-
ards to the collateral. Thus lenders’ expected return can be increased and
their risk of capital loss reduced through collateral insurance. If lenders
are risk-neutral, they could simply increase the interest charge and, in the
case of damage to the collateral, allow default. However, they would have
to perform the actuarial calculations and assess the extent and causes of
damage. Since banks accept many forms of collateral, this might be expen-
sive. A diversified insurance industry might provide the service more effi-
ciently. Furthermore, banks may lend in small areas where risks to collat-
eral are covariate, such as flood damage to real estate. A specialized
insurance company can diffuse such risks over a wider area and therefore
reduce their costs. In these cases, banks will insist on collateral insurance
even if they are risk-neutral.

One should note that insurance can convert risky assets into secure
ones and make them useable as collateral. If automobiles could not be
insured against most damages, including owner-caused collision, few wage
workers would be able to borrow to purchase automobiles even in devel-
oped countries. Similarly, the use of animals as collateral is only possible
when animals can be insured against such major risks as theft and acciden-
tal death.

In the case just discussed, where the collateral value was equal to the
loan amount and there was no recourse for collecting debt other than by
foreclosure, even a risk-averse borrower has no incentive to purchase in-
surance. The entire proceeds of the insurance accrue to the bank, and in
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the absence of insurance, loss of collateral results in the elimination of
debt. Therefore, collateral insurance must be tied to the credit contract
and made compulsory.

Partial incentives for the voluntary purchase of collateral insurance
by the borrower arise when a personal liability for the loan exists or when
the value of the collateral exceeds the value of the principle plus interest.
The most common case is the conventional first mortgage, where there is
always an incentive to insure one’s own equity in a house. Nevertheless, in
the absence of compulsion, full incentive to buy insurance will not exist.

In summary, the need for tied sales or compulsion arises in the insur-
ance of collateral-specific risks and in the absence of easily enforced per-
sonal liability for the loan amount.® Tied sales and compulsion are usually
efficiency enhancing. That is, larger loans are made, and more classes of
borrowers are eligible.

Agriculture-Specific Consequences
Absence of Crop Insurance (A-1)

There has been a general failure on the part of private insurers to offer
comprehensive coverage of yield risks in agriculture. Such schemes only
exist where they are heavily subsidized by government, even in developed
countries. Insurance may fail to emerge for three reasons.

Lack of information. First, given asymmetric information, the costs
of measuring expected yield and its probability distribution and of assess-
ing the yield shortfall in any given year may be excessive. The cost has to be
charged as part of the premium. If farmers’ utility gain from insurance is
less than the information costs of providing that insurance, no market will
exist.

In the case of all-risk yield insurance, the information costs are high.
Yield risks can vary widely even in small geographic areas, thereby requir-
ing that actuarial data and contracts be drawn up at a very local level.
Also, since shortfalls of production from normal yields are frequent, loss
assessments (or adjustments) have to be made frequently. Compare this to
life insurance, where death has to be ascertained at most once during the
duration of the contract, and where probability information accrues
cheaply to the insurance firm from many secondary data sources.

8. Another case for compulsion exists in liability insurance, such as for automobile
drivers. If drivers have few assets, compulsory liability insurance insures the accident victims
rather than the insured themselves.
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Incentive problems. The second reason for failure of insurance mar-
kets is moral hazard and adverse selection. For all-risk yield insurance, or
cattle insurance that covers death caused by disease, the insurance con-
tract itself reduces incentives for fertilizer application, feeding, plant or
animal husbandry, and for disease prevention. Insuring animals against
theft is often difficult, too, because the owner is less likely to invest in
guarding the animals and, as an extreme case, may even have incentive to
eat or sell the animals and pretend they were stolen. Coinsurance clauses,
deductibles, and limitation to specific risks reduce incentive problems but
also reduce the potential utility gain to the insured.

Covariate risk. Yield risk and incentive problems are essentially
problems of information, which is easier for local insurers to obtain than a
distant insurance company. Why then do local insurers not create an in-
surance market? For one reason, information problems may be too severe
even for a local insurer. The main reason, however, is high covariance of
risks. Because crops of all insured farmers may and often do fail at the
same time, local insurers would have to carry high reserves of cash, gold,
stocks, or short-term financial assets. In order for local insurers to write
credible insurance contracts for their neighbors, their reserves at all times
have to equal the total insured value. The insurance arrangement therefore
degenerates to a centralized reserve scheme, and each farmer could self-
insure at the same cost (as long as the storage costs or returns from short-
term financial assets are the same for all individuals). Self-insurance
through holding reserves avoids all information and incentive problems
and so will usually be preferred.

Insurers who want to provide crop insurance face a trade-off between
the information and covariance problems. The more geographically con-
centrated their operation, the more reserves they must hold, but the more
manageable the information problems. The fact that crop insurance
schemes in the developed world are organized at the national level with
government backing suggests that either the covariance problem remains
or information costs and incentive problems are too severe for unassisted
crop insurance to emerge.

National all-risk yield insurance is costly in traditional agriculture
because information transmission is time consuming and costly (T-5). Hail
or typhoon insurance is easier to provide. Even in a country as small as
Switzerland, hailstorms are so localized that they affect only a small pro-
portion of farmers in any given year. Therefore, not only information costs
but also reserve costs are small. Typhoons are much more widespread and
fall into the class of catastrophic risks; that is, risks with high covariance
among the insured, but since moral hazard problems are not substantial,
pooling risks over a wide geographic area overcomes the problem of covari-
ance. Covariance problems are also less for breakdown and life-cycle risks
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(T-6), except for epidemics at regional or village levels. In developed coun-
tries, insurance is provided for many such speclflc risks as cattle accident
and theft, life, health, and fire.

Insurance Substitutes (A-2)

We have seen above that a crop insurance scheme for a small region would
not be very different from a reserve system. Reserves may be held in the
form of cash, gold, financial assets, consumer durables, stocks of food or
feed, and as durable factors of production (land, animals) that can be sold
in an emergency. Assets differ in their value as reserves. Gold has no posi-
tive return, but financial assets and producer durables do. Prices of the
latter, however, vary substantially, which reduces their value as reserves
(Jodha 1978). Reserves could also be deposits or loans to others.

Conversely, access to credit provides an important substitute for in-
surance where insurance is absent or costly. Credit can be a low-cost sub-
stitute for insurance if borrowing rates in bad years or in emergencies are
not much higher than deposit rates or rates of return on financial assets.

The poor development of insurance in agriculture provides a ratio-
nale for very conservative debt/equity ratios. Small-scale farmers may not
want to tie up all their assets as collateral for production loans. The unused
value of collateral is an insurance substitute and ensures access to credit
after bad events.

Absence of Financial Intermediation (A-3)

Why do banks enter rural areas only at a very late stage of development?
And why do moneylenders not accept deposits but generally lend their own
equity? There is no reason that peasant agriculture cannot generate sav-
ings for deposit. Why is there not sufficient demand for deposit services to
make it attractive to moneylenders to offer them?

Compared to bankers in an urban trading center, who lend to a variety
of sectors of the economy, rural moneylenders face fewer information prob-
lems. Since they lend primarily to farmers with covariate yield risk, they
need knowledge of conditions in only one economic sector rather than sev-
eral (in addition to knowledge about the borrower’s financial condition and
other characteristics). However, covariance of yield risk leads to covariance
of default risk. Banks, like insurance companies, would have to keep high
reserve ratios or require high collateral.’ In addition, covariance of yield

9. Seasonality of agricultural production is deemphasized here because it is not essen-
tial to the arguments that follow. However, seasonality also leads to a covariance between
borrowing needs and deposit withdrawals, and it substantially strengthens the arguments.
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means covariance of income for both depositors and borrowers: if crops fail,
depositors would need to withdraw their deposits but borrowers would not
be able to repay their loans. Banks might have to sell the collateral, which in
bad crop years may be marketable only at a discount. Moneylenders, on the
other hand, lend out of equity and therefore can reschedule loan repayments
to a future year and charge interest. The expected return on such loans does
not decline because of yield covariance.

If yields were fully insured, the covariance between depositors’ in-
comes and borrowers’ default would be sharply reduced. However, in the
absence of insurance, banks cannot pay sufficiently high interest rates to
attract depositors, because reserve requirements are too high. Nor can they
impose sufficiently high collateral requirements on borrowers, because
borrowers know that depositors will need their deposits just when the bor-
rowers’ loans need rescheduling. Furthermore, if borrowers and depositors
are both closely associated with agriculture, banks are not needed (Vir-
mani 1981)—the depositor could lend directly to the borrower. Direct
lending lessens the gap between the deposit rate and the lending rate and
places a minimum on the deposit rate (usually higher than the rate possible
with a high reserve requirement).

Financial intermediaries must operate in a variety of agroclimatic re-
gions, just like insurance companies. This geographic dispersion leads to
information problems similar to those of insurance companies: banks
must assess yields in order to make rescheduling decisions, and they must
evaluate the intentions of borrowers. The late emergence of branch bank-
ing for agriculture in rural areas is clearly associated with gradual im-
provements in information transmission.

The same circumstances that lead to an absence of financial interme-
diation also make it impossible for farms to issue bonds or bondlike instru-
ments in a local bond market, which could serve as an alternative to de-
posit banking. Bonds would be very risky instruments, since in bad years
both borrowers and lenders would want to sell them, leading to large fluc-
tuations in bond yields and prices. A larger geographic market in bonds
issued by farmers would face even higher information and incentive diffi-
culties than a branch network. Thus even the larger agricultural economy
is not capable of generating fixed-interest-bearing securities from within,
whose yields and prices are not highly correlated with agricultural produc-
tion conditions. In order for fixed-interest securities to become available in
rural areas, they have to be created by borrowers outside of the agricultural
system and be marketed in rural areas. The previous discussion also makes
clear why deposit banking emerged historically in international trading
centers such as Venice, London, and the Hansa towns. A variety of goods
arrived from different places at different times, and the borrowing needs of
specialized traders and shippers were not covariate.
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One further point is clear from this discussion. There is no doubt
that, if it were financially feasible, partial or full replacement of local
money lenders (based on equity finance) by a regionally diversified branch-
banking system (based on deposit banking) would lead to efficiency gains
for the rural sector as a whole.

Problems with Rural Branches for Banking and Insurance (A-4)

Because the intentions of borrowers and the insured cannot be known with
certainty, banks and crop insurers face common problems. Banks must
know the nature of disasters that strike their clients in order to make deci-
sions on rescheduling debts; insurers must assess whether the loss was
caused by an insured disaster, and they must measure the extent of the
loss. Furthermore, both need information about the returns from the dif-
ferent activities of the farmers they serve. Banks need this information to
assess creditworthiness; insurance firms need this information to measure
the probability distribution of damages.

Both, therefore, need either a branch or an agent system, which re-
quires that a method exist to measure the performance of managers and
agents. Furthermore, managers and agents never have full incentive to be-
have like the parent company, since their shares in company profits are
usually quite small. Indeed, they may often have an incentive to collude
with clients against the parent company, as for example when their perfor-
mance is assessed on the volume of credit or insurance extended. In this
case, they have every incentive to extend credit and insurance to more risky
clients and to accept bribes from farmers in return for approving pay-
ments. While these problems apply to any banking or insurance system,
they are particularly severe in agriculture because of the distance between
head and branch offices, the absence of cheap telephones in developing
countries, and also because of the covariance problem.

If crops fail for most clients, debts have to be rescheduled and in-
demnities paid at the same time, so that local indicators used in evaluating
performance will be small that year. A profit-maximizing strategy for the
network implies that the system must be able to accommodate several bad
years in a row in a single location. Therefore, local performance may be
low for several years in a row, even with an excellent manager or agent.
Since there is no perfect way to distinguish between bad managers and
agents and bad years, central managers face great difficulties. In some
cases, these may be overcome by separating the authority of granting a
loan or insurance contract from the authority to reschedule or pay indem-
nities. However, in a regionally dispersed organization, divorcing these de-
cisions is costly, requiring more people to travel extensively to acquire ac-
curate information about clients.
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It is clear that any reduction in the cost of transmitting, storing, and
retrieving information to and within the head office will improve the feasi-
bility of branch systems.

Risk-Averse Behavior of Rural Branches (A-5)

The pooling of agricultural banking or insurance over a wide range of
agroclimatic zones should allow a company to act in a risk-neutral or
profit-maximizing way in writing individual contracts. Nevertheless, local
managers or agents must impress the head office with their annual perfor-
mance and this along with high yield covariance in their areas are likely to
induce them to be risk-averse with respect to individual contracts. They
will try to reduce the year-to-year fluctuations in their branch’s perfor-
mance by choosing clients with low default risks or low probabilities of
damage. Thus, banking and insurance companies may never fully over-
come the covariance problem.

The Demand of Rural Financial Institutions
for Agricultural Insurance

Collateral-Specific Insurance (C-1)

From section G-8 it follows that rural financial institutions would find fire,
theft, and accident insurance desirable for those assets that have actual or
potential collateral value: houses, motor vehicles, pumps, and animals.
Innovations that reduce the costs of marketing and damage assessment for
such insurance policies should be considered desirable. For example, the
marking and registration of animals might reduce theft problems and
make animals eligible for accident and theft insurance, which might give
animals collateral value. It is also clear from section G-8 that once insur-
ance with fair terms is available, banks should insist through their lending
contracts that borrowers buy it.

Other Risk-Specific Insurance (C-2)

According to the discussion under G-7, both farmers and lenders would
want to see life insurance and medical insurance extended to rural areas
and to have hail or typhoon insurance available for crops. Such insurance
acts as an (imperfect) substitute for collateral, thus increasing debt/equity
ratios and the extension of the credit market to those who own few assets
with collateral value. It is indeed surprising that lending institutions and
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rural-development experts rarely focus on risk-specific insurance as a
means of improving rural financial markets (for an exception, see Lipton
1979). Instead they focus on obtaining government support for compulsory
crop insurance.

Compulsory Crop-Yield Insurance (C-3)

Many countries (Japan, Mexico, and Brazil, among others) have instituted
compulsory crop yield insurance—most often but not always as a require-
ment for borrowing formal credit. The discussion under G-8 provides no
general justification for such compulsory insurance. The case for tied-in
insurance applies only to collateral-specific risks, when extended personal
credit liability does not exist or is difficult to enforce. However, crops are
not usually used as collateral.

Tying yield insurance to credit may be of some value with loans to
small-scale landowners or tenants, who do not have any collateral except
for the standing crop.!® Such insurance can be viewed as insuring the col-
lateral or as a partial substitute for collateral. However, the cost of crop
insurance is particularly high for small-scale farmers, and they may prefer
not to borrow at all if the insurance premiums reflect the full costs of the
insurance.

A case for compulsory yield insurance is often made on the grounds
that compulsion eliminates adverse-selection problems and thus may ren-
der yield insurance feasible where it would not otherwise have been. This
argument is misleading, though, because as long as self-finance or finance
from private lenders (who do not impose an insurance requirement) is
available, the lowest-risk borrowers will opt out of the government-
sponsored credit-with-insurance scheme, and the scheme will be left with
the highest-risk borrowers. The adverse-selection problem is simply trans-
ferred to the bank. Avoidance of adverse selection therefore calls for com-
pulsory insurance for all farmers regardless of their borrowing behavior.

Government Lending Regulations (C-4)

Lending terms for rural financial institutions are often severely restricted
by government fiat. Regulations may restrict collateral to land, for exam-
ple, which faces fewer risks than other assets. If so, banks are not exposed
to other collateral risks, and they will not demand the corresponding insur-

10. Note here that moneylenders and money-lending landlords do regard a standing
crop as collateral. In traditional systems, a moneylender may send his bullock cart to the
threshing floors, and the landlords (or their agents) usually participate in the harvest to en-
sure proper division of output.
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ance. Even where collateral options are wider, interest rates may be regu-
lated. In order to make profits, banks restrict loans to borrowers with the
lowest debt/equity ratio or to loans with high collateral. As we have seen in
G-5, both these restrictions lead to higher bank profits at the regulated
interest rate.

However, governments may force banks to lend to excluded groups.
Since insurance as a partial collateral substitute (G-7) also tends to in-
crease bank profits and reduce risk, banks will attempt to improve their
returns on such forced lending (which they perceive as unprofitable) by
asking the government to subsidize crop insurance. Crop insurance will
partly reduce banks’ management problems arising from covariance rela-
tions. Furthermore, management costs are reduced when the crop insurer
plays a monitoring role, as discussed in section G-7.

Finally, covariate crop losses in disaster years may lead to coalitions
of borrowers, who use the legal or political system to prevent the bank from
undertaking loan collection and foreclosure. This may drastically reduce
the return and insurance value of any collateral the bank might have re-
quired. Crop insurance would solve this problem by focusing the actions of
the potential coalition on insurance reimbursement.

If moral hazard, information problems, and covariance problems
were low, the argument that crop insurance improves rural financial mar-
kets would be uncontested. This would be so even where the demand for
insurance arose primarily from financial institutions. However, we have
seen that the problems of providing crop insurance are precisely the same
as the problems facing branch banking. With the exception of its actuarial
functions, the crop insurance company needs the same (or more) informa-
tion to settle claims as the branch banking network does to reschedule
loans. Crop insurance simply shifts the cost from one agency to another
and would lead to two branch networks where one might have been
sufficient.

If farmers wanted crop insurance sufficiently to pay the full costs of
providing it, a second network might be warranted, because the insurance
coverage purchased would in most cases exceed the amount of the loans.
However, farmers have demonstrated that they do not want to carry the
full costs of crop insurance (and we have seen in C-3 that the case for com-
pulsion is very weak).

Of course, government subsidy of crop insurance is valuable to
farmers and to the banking system, especially if it is sufficiently generous
to induce farmers to buy it voluntarily. However, in extreme cases the only
demand for crop insurance comes from rural financial institutions as a
direct result of government lending regulations. But it may be more appro-
priate to search for solutions that allow the branch network to self-insure
rather than to create a separate institution. This is not to advocate that the
bank operate its own insurance subsidiary (which may create serious inter-
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nal problems) but only that the bank attempt to design rescheduling and
monitoring rules to deal with the fundamental covariance problem.

Conclusions

Crop yield insurance is plagued with problems of information, moral haz-
ard, and adverse selection. These costs, and not the absence of farmers’
demand, lie at the root of the universal lack of privately provided crop yield
insurance. The information and incentive problems are substantially the
same as those affecting rural credit markets, and it may be less difficult to
solve these problems by appropriately changing the credit system than by
introducing insurance. Also, while a case can be made for tied or compul-
sory insurance of collateral-specific risks, this does not apply to crop insur-
ance, and especially to subsidized crop insurance. A major source of de-
mand for crop insurance may in fact come not from farmers themselves
but from highly regulated financial systems, which are unable to adjust the
terms of their credit contracts to the high costs of lending to particular
groups.

A strong case can be made for a variety of risk-specific insurance
contracts, and it is surprising that the development community has fo-
cused so little attention on such alternatives to all-risk crop insurance.
Risk-specific insurance contracts are widely available to farmers in devel-
oped countries. They include contracts for specific crop risks (hail, flood);
accident and theft insurance for livestock and machines; fire insurance for
buildings, livestock, and machines; life insurance, and so on. The distinc-
tive feature of these contracts is that they avoid the nearly insurmountable
problems of all-risk crop yield insurance. Developing countries might be
well advised to concentrate on improving the policy climate for risk-
specific insurance on a privately provided basis, possibly with international
reinsurance and some government guarantees.

Where pressure arises for crop yield insurance, there is ample reason
to limit the contracts to a few specific climatic risks, such as typhoons. The
Philippines, for example, provides all-risk crop insurance in Laguna Prov-
ince, which is blessed with one of the world’s best irrigation systems. Ex-
cept for typhoons, yield risks are quite small, and farmers who buy the
insurance contracts are primarily interested in insuring the substantial ty-
phoon risk. There is no reason why the contract should not be limited to
this risk.

The case for such risk-specific insurance, as with all insurance, de-
pends not only on the direct benefits of insurance but also on the indirect
potential impact on credit markets. Insurance can lead to an extension of
the credit market to groups of borrowers who previously could not obtain
credit. This may happen if insurance sufficiently lowers the default risk of
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honest borrowers or if it converts assets that previously had no collateral
value into acceptable collateral.

Finally, there is a strong case for institutional and technological in-
novations and investments that reduce the information and incentive prob-
lems lying at the heart of rural market imperfections. Telecommunica-
tions, credit bureaus, and computerized data processing and retrieval for
branch banking networks are potential alternatives. Also important are
institutional innovations, such as a foolproof system of registration and
marking of animals, to make risky assets insurable and thus acceptable as
collateral.
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Can Crop Credit Insurance J. D. Von Pischke
Address Risks in

Agricultural Lending?

A series of initiatives begun in the late 1970s have resulted in the
establishment of government-owned agricultural insurance programs in a
number of developing countries. These programs have been stimulated by
the United Nations Conference on Trade and Development (UNCTAD)
Special Program on Insurance, the Food and Agricultural Organization
(FAO), the United States Agency for International Development, and the
Inter-American Institute for Cooperation on Agriculture. Some develop-
ment technicians have advocated agricultural insurance as a financial re-
sponse to fundamental problems that characterize agriculture and agricul-
turally based economies. These problems include variability of crop yields
and farm income, and the impact of this variability on the welfare of the
farm household and on the performance of the rural economy. Possibly of
greater interest is the extent to which variability diminishes the ability and
willingness of farmers to invest in improved agricultural technology. Such
investment is essential to the modernization of agriculture and the en-
hancement of rural welfare through increased income from viable, com-
mercial farming activities. From this perspective, the potential role of in-
surance as a means of increasing the debt-servicing capacity of farmers, in
effect decreasing the risks of agricultural lenders, has received much
attention.

The logical progression from variations in crop yields to concern for
debt-servicing capacity involves a number of assumptions that appear to
be taken for granted by advocates of agricultural insurance. A critical as-
sumption at the start of this chain—that variations in yields are highly cor-
related with variations in farm household consumption—is challenged in
earlier chapters in this volume. This chapter attempts to deal with several
of the subsequent steps in the progression of the argument used by advo-
cates of agricultural insurance.

The views and interpretations in this chapter are those of the author and should not be
attributed to the World Bank, to its affiliated organizations, or to any individual acting in
their behalf. The author is grateful to the editors, Peter Hazell, Carlos Pomareda, and Al-
berto Valdés, and to Nelson Maurice, Hans Binswanger, and Richard A. J. Roberts for in-
sights into risk and insurance. However, these individuals bear no responsibility for positions
taken or conclusions reached in this chapter.
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Crop credit insurance is the agricultural insurance most relevant to
the link between credit and the adoption and sustained development of
modern technology at the farm level. Crop credit insurance provides pro-
tection against events that have an adverse impact on agricultural yields.
Its unique feature is that the indemnity is paid to the lender, rather than to
the farmer, and cancels the farmer’s debt—or some portion of it related to
the insured loss. This insurance is expected to protect the liquidity of the
lender, so that lending can continue. Continuity is especially important
because, to the extent farmers rely on credit, it is most crucial in the period
immediately following crop loss. At that time, farmers’ own resources are
depleted and their creditworthiness may be in doubt as a result of the illi-
quidity caused by the loss. Equally as important as the restoration of the
lender’s liquidity, therefore, is the continued creditworthiness of the
farmer when the loan is repayed by the insurance indemnity.

In addition to citing the benefits that crop credit insurance can theo-
retically provide to lender and borrower, advocates cite systems’ benefits,
which result from the effects on the community of stabilized farm house-
hold consumption and credit flows. These benefits include a more stable
base for trade, industrial investment, and employment. Also postulated
are the benefits that insurance experts can bring to the traditional func-
tions of extension and rural development project design and management
through improved consideration of risk-management issues. Government
may also benefit from providing an additional useful service.

The following discussion of crop credit insurance is placed in the
context primarily of small-farm credit issued by formal lenders.! This em-
phasis is appropriate because crop credit insurance is commonly advo-
cated as a means of increasing credit access for risky borrowers and for
those currently outside the portfolio of commercial banks, cooperatives,
and other formal lenders. Small-scale farmers are concentrated in these
categories.

Types of Agricultural Lending Risks

Formal agricultural lenders, such as specialized farm credit institutions,
cooperatives, and commercial banks, face at least six major risk catego-
ries. These include: (1) variability of agricultural production, (2) market
risks, (3) managerial risks, (4) character risks, (5) political risks, and (6)
strategic risks. These risks create variations in the profitability and cash-
flow patterns of agricultural credit institutions, and in their solvency and

1. Small farm credit is broadly discussed in Adams, Douglas, and Von Pischke
(1984).
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liquidity. As a generalization, production yield risks are the only insurable
risks covered by crop credit insurance, although insurance administration
and design may help reduce other risks.

Variability of Agricultural Production

Production risks arise from the nature of the production process. Yield
variability reflects influences of climate, such as drought, flood, and wind
damage, and also damages from fire or pests. These risks are well known,
although their impact at the farm level is often not well documented in
developing countries. Crop credit insurance responds precisely to this risk
by basing indemnities on yields and on variation in yields arising from nat-
ural hazards. Crop credit insurance does not provide complete protection
against yield variation. For example, the death of the farmer or the illness
of members of the farm household may reduce labor and managerial in-
puts, thus depressing yields. As a result of yield information problems,
especially for new technologies, crop credit insurance has in certain cases
not met yield risks effectively. It may also impose additional costs on both
borrowers and lenders in the form of premium payments and demands on
managerial energy.

Market Risks

Market risks arise both from variations in supply and demand for crops
not subjected to binding price controls and from the inability of controlled
markets to respond efficiently to changes in these conditions. Market risks
are reflected primarily in variations in price for produce offered for sale by
farmers. In areas where rainfall is high, or where crops are grown under
irrigation, the impact of price risks on farm household income generally
far exceeds that of yield risks, as elaborated by Barah and Binswanger
(1982). Crop credit insurance oriented toward yield would not protect
farmers against market risk. It is also superfluous to the extent that yields
on insured farms are covariate with yields in given market areas; price in-
creases partially or fully offset the effects of reduced yields on farmer in-
come. In addition, risk-reducing forward sale arrangements linked with
informal credit may be available for certain cash crops.

Managerial Risks

Managerial risks confront agricultural lenders at several levels. Innovation
at the farm level requires managerial capacity. This capacity is a product
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of information and of the ability and commitment to act on it. Risk-
management services that accompany insurance, such as extension and
insurance qualification procedures, may improve information and contrib-
ute to better farm management. Pure crop credit insurance appears to
have limited relevance to farm-management risk. Bad management deci-
sions should not be underwritten by insurance. It is uneconomical to sus-
tain access to credit in the event of managerial shortcomings reflected in
low yields.

Managerial risks in nonfinancial support systems supplying inputs
or purchasing produce are generally beyond the scope of insurance pro-
grams based on farm yields. They do not directly protect the lender against
managerial risk in these activities, which are crucial to the income and
debt-servicing capacity of insured farmers. Managerial risks at this level
are reflected in failures in the timely supply of inputs and in the inability to
absorb produce tendered by farmers or to pay for it promptly. Another risk
is the inability to honor stop orders, under which amounts due the lender
are to be deducted from the borrower’s crop delivery proceeds by the buyer
and remitted to the lender. Indirectly, insurance and risk-management ac-
tivities may make the costs or potential costs of managerial risks more ap-
parent, providing a basis for preventive action.

A third managerial risk is within the lending institutions themselves.
Cooperatives and government credit agencies, such as specialized farm
credit institutions, have patchy management records. Their management
information systems are often inadequate for the timely identification of
attractive, new investment opportunities, prompt control of arrears, and
determination of portfolio quality. Crop credit insurance may reduce these
managerial problems indirectly if liquidity problems caused by the impact
of insured events on borrowers divert management attention from the
search for new business, the design of new services, and the training of
staff. However, the implementation of crop credit insurance demands
managerial time and therefore does not necessarily produce a net saving in
managerial resources for the credit institution.

Character Risks

Character risks in credit parallel moral hazard in insurance. Character
risks are the probability that borrowers will intentionally do things that will
diminish the value of loan contracts from the point of view of the lender.
Misrepresentation, willful nonrepayment, and diversion of loan proceeds
are expressions of character risks. Pure insurance provides no protection
against character risks, although advocates of crop credit insurance argue
that the additional loan supervision required for generation and adminis-
tration of insurance contracts reduces opportunistic actions by borrowers.
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Also, crop credit insurance may assist in identifying defaulters not having
insured losses, providing a basis for managerial follow-up. Character risks
vary inversely with the efficiency of credit program implementation and
with farmers’ perceptions of the dependability of the credit source. Crop
credit insurance may increase perceptions of dependability by restoring
farmers’ creditworthiness in times of distress and by providing liquidity for
the lender to fund additional credit to farmers in arrears. However, it re-
mains to be demonstrated that the factors that often inspire farmers to
sabotage official credit programs would not also vitiate government insur-
ance programs.

Political Risks

Political risks in agricultural lending are manifested in two forms. The first
consists of government intervention in rural credit operations to the detri-
ment of lenders. Interest rates, security rights, and loan allocation and
recovery are vulnerable to political risks. The second type of political risk is
activities of farmers aimed directly at the credit institution without the in-
tervening factor of government. These include organized default, harass-
ment of credit agency personnel, boycotts and threats, which delay or
make impossible the realization of security by the lender, and intervention
in the loan allocation process by persons who aspire to political office.

To the extent that arrears caused by yield shortfalls result in activi-
ties by the lender that are subject to political modification, a case may be
made for crop credit insurance. However, it remains to be demonstrated
that political risks would not also compromise the integrity of the crop
credit insurance system by merely providing an additional arena for inter-
vention and politically generated inefficiencies. These effects could be
reflected in indemnification not related to yield performance and in the
politically motivated use of insurance to force lenders to make unsound
loans. Therefore it is not clear that crop credit insurance could reduce the
political risk to rural financial systems.

Strategic Risks

Strategic risks of three types may be identified in agricultural lending. The
first is found in the mechanism by which confidence between borrower and
lender is created or destroyed. Confidence is essential for the flow of credit
in private markets. However, in government institutions and development
projects the issue of confidence is often not accorded much priority or ad-
dressed explicitly in project design. It is assumed that extension services or
other activities oriented toward the target group, including agricultural in-
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surance, provide a basis for businesslike interaction between borrower and
lender. Evidence suggests, however, that this type of confidence is often
absent and that official credit portfolios consisting of small-scale farmer
loans tend often to self-destruct.

A second strategic issue is the basis by which credit is rationed to
small-scale farmers. Two alternative strategies are commonly found, espe-
cially where interest rates are subsidized and serve little economic purpose.
The first—intensive credit rationing—involves identification of a relatively
small target group and provision to them of credit amounts that are large
in relation to their existing operations. For example, a farmer with two
local cows may be given a loan to buy several higher grade or exotic cows. A
small-scale farmer planting local varieties and using only a little organic
fertilizer may be issued credit to plant the entire holding with high yielding
varieties using chemical fertilizer. Mechanization loans are also often in-
tensively rationed. The size of the loan is such that borrowers could not
reasonably be expected to repay from their preloan cash flow; loan repay-
ment must come from the incremental cash flow generated by the loan-
supported investment. Credit allocation under these circumstances must
be quite selective, and elaborate access mechanisms using farm budgets
are frequently employed.

Extensive credit rationing is motivated by considerations of access as
well as of production, and access mechanisms are simple. Credit is ra-
tioned extensively to large numbers of farmers and broad target groups.
For example, all members in good standing of a cooperative may have ac-
cess to seed and fertilizer loans. All commercial growers of wheat having
land titles may be eligible for production loans. Within the budget or bal-
ance sheet constraints of lenders, wide access implies relatively small loans
to numerous borrowers. Loan limits under extensive rationing are fre-
quently specified in terms of standard amounts based on enterprise budg-
ets. This is in contrast to the more complicated derivation of loan limits
from farm budgets used for intensive credit rationing. Extensive rationing
is most frequently found in seasonal input credit. Small amounts are is-
sued to each borrower, satisfying the production-oriented bias of program
planners and inspiring broad appeal, which is politically desirable.

Each of these varieties of credit rationing contains the seeds of its
own financial destruction. The greater the degree of intensive or extensive
rationing, the more rapid the self-destruction, other things being equal.

Intensively rationed credit attempts to perform the function of equity
or ownership capital in absorbing the impact of uncertainty. Intensively
rationed loans and the debt-service burdens that result are relatively large,
and they change on-farm factor proportions significantly through the addi-
tion of higher levels of technology. Such loans may push the borrower’s
finances beyond his managerial and risk-bearing capabilities, especially
during the initial period of adaptation to credit-supported change. Adver-
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sity may be reasonably expected in agriculture and in the implementation
of new technology. In periods of adversity, borrowers may find it difficult
to meet debt-servicing obligations. Delinquency easily results, because
borrowers may have relatively little of their own resources sunk in the loan-
supported investment, which tends to reduce their commitment to its suc-
cessful performance.

Extensive credit rationing can also lead to financial problems. In
promoting access, lenders offer credit to some borrowers who are not in a
position to use it wisely, and who have little intention of repaying. Others
are so exposed to uncertainty, or so close to subsistence, that even small
repayment obligations assume major proportions. Input credit often be-
comes more extensively rationed over time, as inflation raises production
costs. Also, the lender’s budget constraints, arising partly from nonrepay-
ment by borrowers, do not permit loan limits to keep pace with production
costs. Extensively rationed small loans may pose difficulties if prescribed
husbandry practices are subject to indivisibility far beyond the average
loan size. For example, a loan that is small compared to the financial re-
quirements of improved input packages may lead to incomplete adoption
of the package and disappointing results. Access to extensively rationed
credit does not necessarily stimulate adoption, and loans may become too
trifling to engender commitment to either their productive use or
repayment.

Because of the desire to promote development through intensive ra-
tioning, or widespread access through extensive rationing, a financial
optimum—at which the borrower’s repayment capacity is fruitfully related
to loan size—is difficult to achieve in official programs. It does not appear
that crop credit insurance is a particularly useful device for altering the
strategic orientation of government institutions making such loans.

The third strategic risk lies in the types and quality of services that
lenders provide. Composition of services is important to the flow of infor-
mation between borrower and lender, the farmer’s value of his relationship
with the institution, and the prospects for expanding the relationship be-
tween borrower and lender.

Specialized farm credit institutions by definition issue loans but pro-
vide relatively few money transfer or deposit facilities. Credit through such
a channel is unrelated to savings channels and is usually funded by the
national treasury and external donors. Such dependence generally limits
the access of specialized farm credit institutions to market information,
which can lead to their alienation from the rural community. Rural people
do not have the same degree of confidence in such an institution as they
would have to have in an integrated financial intermediary to which they
entrust their deposits and funds to be transferred. Specialized farm credit
institutions, in turn, usually regard rural people not as a market to be de-
veloped but rather as poor, exploited, or economically incompetent people
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requiring assistance. In this environment, institutional management is not
in a position to be stimulated by the discipline imposed and opportunities
offered by market forces, and it typically develops only limited decision-
making expertise.

Crop credit insurance may correct some of the information deficien-
cies arising from provision of only a narrow range of services. However it is
not clear that the greater flexibility provided by crop credit insurance
would alter the fundamental strategic problems of government-owned,
specialized farm credit institutions, or that it would increase these lenders’
incentives to take a more entrepreneurial and information-based approach
to their potential clientele. By absorbing certain important risks to
lenders, crop credit insurance could in fact diminish their incentive to
gather market information.

Alternative Risk-Accommodation Measures for Lenders

Lenders seek to minimize and accommodate risks through diversification,
reserve management, strategies designed to provide a lending cushion,
price rationing, measures to increase borrower information flows, and
actions that increase the value of the debtor/creditor relationship to the
borrower.

Diversification

Portfolio diversification is a straightforward means of accommodating the
risk of agricultural lending. However, portfolio diversification across sec-
tors is often difficult for lenders established specifically to lend to agricul-
ture or to small-scale farmers, or where enforced specialization in financial
markets is an underlying regulatory strategy. Reducing barriers to diversi-
fication is one means of assisting agricultural lenders to accommodate
risk.

Reserve Management

Reserve management consists of structuring assets and liabilities to safe-
guard the liquidity of the lending institution. This involves balancing the
maturity structure of loans to borrowers with that of obligations to lenders
and ensuring that sufficient additional resources are available to meet un-
foreseen claims on liquidity. These additional resources include cash, gov-
ernment securities, or similar instruments, which can be used to satisfy
liquidity requirements directly or are easily convertible into cash. How-
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ever, additional resources can also be off-balance-sheet sources of liquid-
ity, such as lines of credit with other financial institutions, the rediscount
window of a central bank, and crop credit insurance. By increasing the
lender’s liquidity, off-balance-sheet resources permit any given level of
balance-sheet liquidity reserves to support a larger loan portfolio.

Crop credit insurance could constitute a useful reserve management
tool when indemnities are paid quickly—and to the extent that yield losses
are a cause of nonrepayment by borrowers. The attractiveness of crop
credit insurance for reserve management purposes would depend upon its
cost relative to other forms of reserves. How does the opportunity it pro-
vides to cancel the borrower’s debt compare with the alternative of re-
scheduling, including automatic conversion of short-term production
loans into medium-term loans when yields in a given district fall below

expectations?

Lending Cushion

Strategies designed to create a lending cushion include requirements of
collateral security and borrower participation in financing the costs of ac-
tivities partially underwritten by loans. Tying loan decisions to collateral
security by making loan size a function of collateral value is generally re-
garded as not being developmental, because only those with qualifying as-
sets to pledge as collateral can obtain credit. Even where collateral is
taken, it may be extremely difficult—for political, social, legal, and insti-
tutional reasons—for lenders to foreclose on agricultural land or on other
assets, such as cattle and machinery. Probably the most constructive use of
collateral security in agricultural lending is as protection against claims by
other creditors. Mortgaged land or pledged cattle and machinery cannot
easily be used by borrowers as security for other debts, therefore protecting
the secured lender’s interests.

Increasing the share of investment costs financed by borrower equity
results in a smaller debt-servicing obligation and provides the lender with a
larger cushion in the form of expected borrower cash flow not required for
debt service. High levels of loan financing, often equal to 80, 90, 95, or 100
percent of representative investment costs, are common in lending for agri-
cultural development. This practice is largely convention; the proportion
of loan financing specified in agricultural project design is rarely derived
from cash-flow projections adjusted for probable adversity.

The approach common to enlightened lending strategy outside agri-
culture (in sectors where risks are lower!) is to project cash flow for the
borrower or for the investment, to make adjustments for reasonably ex-
pected adversity, and to determine loan size with reference to both the rele-
vant market interest rate (because interest absorbs a portion of debt-
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servicing capacity) and the term for which the lender has funds available.
The term, like the interest rate, is largely a function of the type of resources
available to the lender; commercial banks obtaining resources primarily
from demand and short-term deposits are generally reluctant to make
long-term loans. Except where loan size is primarily a function of collateral
value, as for land purchase, consumer durables, and trade or supplier’s
credits, loan size normally has no uniform or inherent relation to invest-
ment cost. Rather, loan size is tailored to the expected financial perfor-
mance and characteristics of the investment, or of the borrower, or both.

By contrast, officially funded agricultural development lending gen-
erally relates loan size to investment cost, using a rule of thumb. The
length of the loan maturity schedule is adjusted within the limits imposed
by the cash-flow availability estimated for the investment, using normal-
year assumptions. In practice, it is rare for government-owned sources
of agricultural credit to negotiate financing proportions to reflect the
riskiness of the intended investment or the financial status of the
farmer/borrower.

Reducing loan financing proportions under the conventional ap-
proach is difficult because of the precedents that have been established,
the desire to increase input use at the farm level by those who view credit as
an input, the belief that without credit in generous amounts adoption of
modern technologies will be retarded, and the appeal of quick-disbursing
projects. The “without official credit’ situation is virtually never explored
in project design. Financial market failure or exploitation by private
lenders is almost always assumed. Therefore the nature of interaction be-
tween credit and the introduction of new technology under a project is not
really known. Until a more refined approach is taken, agricultural credit
will continue to be characterized by strategically induced portfolio quality
problems, generally regressive subsidies to defaulting borrowers, and insti-
tutional maladjustment. In a static sense, whether these problems reside
solely in lending institutions or are shared with crop credit insurers is prob-
ably not of much economic importance. (Of economic importance, how-
ever, is whether sharing would lead to any dynamic changes that would
conserve administrative costs and reduce losses. As suggested throughout
this chapter, a cost-effective and positive impact seems problematic.)

The function of a crop credit insurer as a residual location for bad
debts of government banks might be more effectively performed by agri-
cultural credit trust funds, established as independent financial entities
from which funds can be disbursed for projects that are not financially
viable in commercial terms. Their institutional format consists of a set of
financial accounts maintained by the fund administrator (which would be
the agricultural bank), a few perfunctory trustees, and no staff. Funds are
disbursed and recovered by the agricultural bank, which is paid a service
charge by the fund, but as administrator it bears no risks for its own ac-
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count from trust fund operations. Through these arrangements, the full,
direct financial cost of a program may also be monitored.

Trust funds are highly flexible. They can be established for any pur-
pose, and their performance may be independent of that of the agricultural
bank that administers them. After the original purpose of these funds has
been served, such as lending under a specific project, disbursement of do-
nor funds, or support for some policy, the trust fund may be aliowed to
languish or die. Alternatively, it may be replenished if the purpose for
which it was established is still attractive.

Price Rationing

Price rationing of credit is another way lenders accommodate risk. In pri-
vate credit markets, more risky loans are generally characterized by higher
interest rates and service charges. (Other factors, such as administrative
costs, especially with respect to small loans in agriculture or consumer fi-
nance, also contribute to the levels of interest rates and service charges for
any given class of loans.) Price rationing of credit is unusual in official
agricultural credit programs because of their political nature, which tends
to result in unnaturally low interest rates. Within or outside this limitation,
it may be difficult politically to charge different farmers different rates for
essentially the same activities. Where different classes of loans bear differ-
ent interest rates, the structure is generally determined in advance in proj-
ect design; but rates are not a significant rationing mechanism relative to
those used to define target groups of borrowers.

Information Flows

Measures to increase information flows may reduce lender’s risk. The most
common form of technical assistance is extension support for credit pro-
grams and their small-scale farmer participants. Technical assistance may
also be embodied in loan requirements: minimum-input package pro-
grams, prescriptions relating to livestock breeds, and investment in on-
farm infrastructure to complement investment in animals.

The efficacy of efforts to link credit and technical assistance is much
debated, but there seems to be a broad consensus that technical assistance
activities are difficult to target, difficult to administer efficiently, and that
results often differ from expectations. In some countries, agricultural
lenders have their own extension service or agricultural technicians. How-
ever, rather than working with farmers on husbandry practices and farm
planning, these technicians are often most useful in identifying good credit
risks among the farming community. This function is entirely legitimate
but tends to provide credit to farmers who are already progressive.
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Increasing Value of Loan Contracts

Making loan contracts more valuable to borrowers reduces lenders’ risks.
Value is added to relationships by sanctions against willful default but
more importantly by the continued prospect of an expanding relationship
between the financial intermediary and the client. These prospects are
built on expected improvements in the financial situation of the borrower
and on the ability of the lender to offer an even wider range of services at
competitive prices and conditions through financial innovation. These ac-
tivities are mutually reinforcing and increase the flow of information be-
tween financial intermediary and client, making both more valuable to
each other. In contrast to intermediaries interested in extending their fi-
nancial services’ market share through the identification of prospective cli-
ents as either depositors or borrowers, agricultural banks perceiving their
primary purpose as satisfying credit needs may suffer from a strategic
disadvantage.

Crop credit insurance may contribute to the objectives of a competi-
tive financial intermediary oriented toward relationship lending. The ex-
tent to which crop credit insurance could be useful would depend upon the
efficiency of its administration, its costs to the lender, and the prospects
that its implementation would enhance relationships with clients. How-
ever, crop credit insurance is most useful in a situation where a lending
relationship already exists or is contemplated. The relationship basis for
lending puts deposit mobilization first, as this provides information that is
useful to the financial intermediary in enhancing services offered through
innovation. Where deposit relationships already exist, crop credit insur-
ance may hasten institutions’ willingness to lend and may also make insti-
tutions willing to provide larger amounts of credit than would otherwise be
the case. However, to alter their strategies in this way, lenders would have
to have confidence in the insurer.

Conclusion

The conventional financing approach in agricultural credit projects uses
rules of thumb to determine loan size. Conventional practice has proved
unwilling to test or consider seriously the without-project alternative—of
not providing credit through some official source, such as an agricultural
finance institution, or a captive source, such as a cooperative. Poor loan
portfolio quality is almost assured by the design of many projects.
Within these inherent but not inevitable limitations, crop credit in-
surance may have a useful role to play. However, this role has probably
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been overestimated and oversold by the technicians and agencies that have
provided the impetus for the establishment of recent government agricul-
tural insurance programs in developing countries. It is unlikely that crop
credit insurance as pure insurance (indemnification against risk, separate
from the institutional insurance mechanism and risk management services
it may provide) will improve loan decisions. In the context of credit proj-
ects, crop credit insurance will be little more than a transfer mechanism,
relieving the agricultural lender of embarrassing bad debts but not reduc-
ing these losses. Even if the institutional mechanism of insurance were able
to improve credit decisions—an untested variable—it may be possible to
provide these services without insurance. The costs of three alternatives
should be compared: (1) no crop credit insurance, or a continuation of the
existing situation in most cases; (2) risk-management services but no crop
credit insurance; and (3) crop credit insurance.

Other comparisons should be explored, too. These include the net
costs or benefits of improvements in the ways borrowers and lenders ac-
commodate risk, relative to the costs and benefits of crop credit insurance.
Improvements in other systems consist of portfolio diversification within
and beyond agricultural lending, better reserve management, revision of
lending strategies, increased use of price-rationing mechanisms, more effi-
cient means of generating and acting upon information about borrowers,
and the development of increasingly valuable relationships between bor-
rowers and lenders. Small-scale farmer credit is at a relatively early stage
of development in many of these respects. Considerable gains could be re-
alized from improving these variables. For example, project design could
create businesslike relationships between official credit sources and small
borrowers, permitting the development of financial market orientations
and strategies toward small-scale farmer credit. Whether crop credit in-
surance would be as fruitful as these other courses remains to be seen. In
any event, crop credit insurance should not be seen as a unique measure
but as part of a system to enhance the debt repayment capacity of small-
scale farmers.

Even if crop credit insurance is useful, its overall impact on the lend-
ing institution may not be large. The limitations on its impact stem from:
(1) the extent to which yield variations from insured causes are offset at the
farm household level by behavior that results in continued creditworthi-
ness, (2) market risks that reduce farmers’ income from insured crops, (3)
managerial shortcomings on the farm and in rural economic institutions
that are not addressed by the risk-management services associated with
crop credit insurance, (4) character risks, (S) political actions that lead to
nonrepayment of loans by farmers, and (6) shortcomings in the ways
lenders structure their relationships with borrowers. In most official proj-
ects in which credit is a component, it is likely that these other factors
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combined are of greater importance to loan recovery and lender liquidity
than insured yield variations.

The institutional climate for successful crop credit insurance
schemes is probably not materially different from that for successful agri-
cultural credit portfolios. In any financial market involving small-scale
farmers, it would not be reasonable to expect wildly better, long-run per-
formance from an official insurer than from an official lender. Given the
performance of many of these lenders, the prospects for government insur-
ance are not particularly bright from a financial or institutional point of
view. As with small-scale farmer credit experience, the introductory, short-
run record is often superior to the long-run record. It would be unfortunate
if initial positive signs from official crop credit insurance programs were
interpreted prematurely, before the weaknesses and capacities of these sys-
tems are demonstrated and their costs more fully known.
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6

An Evaluation Carlos Pomareda
of the Impact

of Credit Insurance

on Bank Performance

in Panama

Many agricultural development banks face poor loan recovery and
returns. The problem is sometimes attributed to farm income instability
arising from production and market risks. However, as argued in chapters
4 and S, problems of loan recovery are often related to shortcomings in
institutional design and to government policies that restrict the options
available to agricultural development banks in managing their lending and
financial portfolios.

In chapter S, Von Pischke argues that crop yield insurance tied to
farm credit may not address the more important risks and constraints re-
sponsible for the poor performance of most agricultural development
banks (ADBs). However, the effectiveness of crop credit insurance in im-
proving loan recovery and returns, and therefore bank performance, is ul-
timately an empirical issue. This chapter presents an empirical evaluation
of the effects of crop credit insurance on the performance of the Agricul-
tural Development Bank of Panama (the Banco de Desarrollo Agrope-
cuario, or BDA). We also explore the extent to which increases in the inter-
est rate charged by the BDA could more cheaply provide the same benefits
to the bank as crop credit insurance.

The Expected Effects of Credit Insurance

The financial performance of ADBs depends critically on interest and loan
recovery rates. Interest rates for agricultural lending are often fixed by gov-
ernment, and usually at levels that seriously limit the returns to ADB
loans. Fixed low interest rates to agriculture have been advocated for a
long time in order to induce technological change and to compensate
farmers for low yields, high input costs, and (sometimes artificially) de-
pressed prices of agricultural products. The distortions that such policies
introduce are widely documented (Adams, Douglas, and Von Pischke
1984). Many countries are revising their interest rate policies, particularly
where inflation has reduced fixed nominal rates to negative real rates.
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Galbis (1981) recently documented these changes and recognized this as
the means of avoiding further decapitalization of development banks.
These policy changes are primarily a political decision, and they require
little from the banks themselves in terms of changes in management. How-
ever, if interest rates are raised, the ensuing higher returns to banks should
motivate them to bear higher risks without requiring farmers to purchase
insurance.

The recovery rate is an important determinant of the effective return
on bank loans. This rate is reported broadly by banks as the proportion of
loaned money that is recovered. However, it is useful to distinguish among
various concepts of recovery. Anticipated late repayment occurs when, at
maturity or before, the farmer and the bank agree on rescheduling the
principal and interest payments. However, this is sometimes done using
the original rate of interest, which may be lower than the one prevailing at
the time of rescheduling, thereby implying an opportunity loss to the bank.
Unanticipated late repayment occurs when the farmer just shows up late,
and the bank then collects the principal without any interest charges dur-
ing the period beyond the original maturity. The opportunity loss to the
bank is larger in this case. A default occurs when the farmer never pays
back of his own will. Banks often pursue legal action but not always suc-
cessfully. In many cases, defaults occur when the government for political
reasons cancels the debt after a natural disaster or during an economic
crisis.

If agricultural disasters are the prime reason for default of debt obli-
gations, they would provide the rationale for agricultural credit insurance.
In the event of an insured disaster, the insurer would pay off the farmer’s
debt for the portion of the crop that is lost or for an animal that dies or
loses its function. Therefore, to the extent that repayment problems are
due to production risks, credit insurance should increase the average loan
recovery. Things are, however, slightly more cumbersome, because it is
necessary to distinguish year-to-year fluctuations in loan recovery from
chronic low recovery. The first may be due to production risks and to prod-
uct and capital market risks, which render farm income stochastic. The
second may reflect low agricultural productivity, structural problems in
the agricultural credit market, or simply the inability of the bank to collect
loans.

Agricultural credit insurance might usefully increase the average
loan recovery in years of disasters. However, when low loan-recovery rates
persist for reasons other than production risks, little can be gained from
credit insurance.

The expected effects of credit insurance can be summarized in the
following hypotheses: (1) Insurance increases the average loan-recovery
rate and reduces its variability through indemnities paid by the insurer
to the bank. (2) Insurance reduces the costs to the bank through shorter
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actual loan maturities and therefore reduces bookkeeping and loan-
collection costs. (3) Insurance decreases risk in the bank's loan portfolio.
Borrowing from other banks is therefore possible at lower rates because of
reduced risk premiums. Indirectly, it affects the leverage position of the
bank, as less-risky loans can be considered assets with higher liquidity,
therefore increasing the bank’s potential for larger holdings of liabilities
(see Pomareda 1984).

A less favorable effect is the moral hazard problem. A compulsory
program could induce banks to issue loans carelessly, trusting the insurer
to reimburse the bank if crops fail. However, the insurer could reject such
high-risk loans as not complying with the insurer’s standards and
provisions. :

These hypotheses are tested with the aid of data from Panama. The
results are limited by the relatively short period of time (since 1976) that
crop credit insurance has been operating in Panama. Nevertheless, they do
suggest that the potential benefits from insurance are not inconsequential.
The results also highlight some dangers that ought to be kept in mind.

Agricultural Credit and Insurance in Panama

The BDA is the government-owned bank that specializes in lending to ag-
riculture. However, as shown in table 6.1, it contributes less than a quarter
of total institutional (public and private) credit to agriculture. Its financial
structure is representative of many specialized agricultural lending institu-
tions in the developing world (Pomareda 1984). Its assets are predomi-
nantly held in farm loans, and its liabilities are restricted to direct govern-
ment subsidies and borrowings from international financial agencies and
commercial banks. The latter is made possible by government subsidies

TABLE 6.1 Total outstanding loans to agriculture by source, Panama, 1977/78-1980/81
(millions of dollars)

Source of credit 1977 1978 1979 1980
Agricultural Development Bank

of Panama 19.695 24.790 39.362 47.704
National Bank of Panama* 4.320 7.206 7.250 cee
Commercial banks® 125.096 106.619 109.317 114.672

Source: Panama, Comision Bancaria Nacional; Banco de Desarrollo Agropecuario de Pan-
ama, Memoria Anual, various issues.

Note: Loans include crop and livestock loans and investment loans.

*Only 2 to 3 percent of the National Bank’s loan portfolio is in agricultural loans.

bIncludes Citibank, Chase Manhattan Bank, Banco Fiduciario, Banco de Colombia, Banco
de Santander, Bank of America, Banco de Comercio Exterior, Marine Midland Bank,
Sociedad de Bancos Suizos de Panama, and Banco Internacional.
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TABLE 6.2 Sources and uses of funds, Agricultural Development Bank of Panama, 1980
(millions of dollars)

Source of funds Use of funds
Internal Operating costs
Loan recovery® 25.365  Salaries and honoraria 3.572
Interest earnings 4.802 Other® 1.517
Government subsidy 6.119  Capital disbursements 0.214
Other® 1.535
External Financial costs
Borrowing from commercial Amortization 19.391
banks 22.739 Interest 3.802
Borrowing from international Other 099
agencies? 9.056
Loans 41.021
Total 69.616  Total 69.616

*Includes insurance indemnities paid by ISA.

bVehicles, maintenance of offices, equipment, and so on.

cSales of property and so on.

dInteramerican Development Bank, 8.311; U.S. Agency for International Development,
0.069; World Bank, 0.676.

and guarantees. The composition of its balance sheet is shown in table 6.2,
which also reveals the importance of loan recovery to the bank's internal
resources. A major proportion of the loan portfolio is committed to pro-
duction credit (over 90 percent), and of this, 80 percent has an expected
maturity of less than a year.'

Throughout its history, the BDA has experienced severe problems of
loan recovery. The BDA authorities consider that production risks are the
main source of poor loan performance (BDA various issues). In response to
this belief, the government created the Agricultural Insurance Institute
(Instituto de Seguro Agropecuario, or ISA) in 1975.2 ISA is a public insti-
tution that is expected to work in partnership with the BDA. Its rapid
growth was made possible by a government subsidy and a grant from the
U.S. Agency for International Development, administered by the Inter-
American Institute for Cooperation on Agriculture (IICA).} These
resources provide for the administration costs, while the insurance premi-
ums collected from farmers are expected to pay the indemnities. The pre-
miums are calculated on an actuarial basis, though with limited informa-
tion because of the short historical data base. Crop premiums vary between

1. The financial year runs from May 1 to April 30.

2. Although the program began insuring in the 1976-77 crop cycle, commercial oper-
ations were initiated only in 1977.

3. This latter program also included a strong component of technical assistance.
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4 and 7 percent of coverage, and livestock premiums vary between 3 and 4
percent. Between 1976 and 1981, premium income allowed ISA to achieve
an average historical loss ratio (indemnities divided by premiums) of less
than 1. Because of severe losses in 1982, the average loss ratio increased
sharply to around 3 for the period 1976 to 1982. ISA has also been success-
ful in reinsuring its portfolio through the international reinsurance mar-
ket, though the cost of doing this increased substantially after the severe
losses of 1982.

In spite of ISA’s rapid growth, it currently covers only approximately
25 percent of BDA'’s loan portfolio. However, coverage of loans for some
individual crops is much larger. Some basic information about the BDA
and ISA portfolios is shown in table 6.3. In matching these data, three
clarifying comments are necessary. First, approximately 10 percent of

TABLE 6.3  Agricultural Development Bank of Panama (BDA) outstanding loans and
Agricultural Insurance Institute of Panama (ISA) insurance coverage, Panama, 1977-82
(thousands of dollars)

Item 1977 1978 1979 1980 1981 1982
Loans

Rice 7177 7,632 12,962 13,522

Corn and sorghum 2,477 2,432 3,457 4,622

Industrial tomatoes 1,038 1,068 1,063 1,806

Vegetables 1,053 1,39 2,047 2,959

Cattle 6,261 8,254 11,249 15,446

Other* 1,689 4,005 8,584 9,349

Total 19,695 24,790 39,362 47,704  52,372°
Insurance

Rice 0 911 2,438 3,338 5,080 8,892
Corn and sorghum 1,129 975 1,492 2,148 2,653 3,563
Industrial tomatoes 0 0 544 1,290 689 1,142
Cattle 0 748 3,556 6,307 4,605 3,563
Other 0 0 103 31 533 523
Total 1,129 2,634 8,133 13,114 13,560 17,683
Indemnities paid by ISA

Rice 0 S 38 68 184 2,129
Corn and sorghum 18 89 57 147 379 813
Industrial tomatoes 0 0 22 74 85 40
Cattle 0 8 64 112 214 132
Other 0 0 13 0 107 57
Total 18 102 194 401 969 3,171
ISA loss ratio 0.30 0.90 0.59 0.74 1.27 3.0¢

*Includes crops, other livestock, and investment loans, none of which are insured.
Preliminary.
“Whole portfolio. The loss ratio for crops was 4.12.
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ISA’s portfolio (with some variations between years) are either loans from
the National Bank of Panama or investments by individual producers. Sec-
ond, ISA’s coverage as a percentage of the amount lent per hectare in-
creased from 80 percent in 1977 to 95 percent in 1981, but with some varia-
tion between crops.* Third, the BDA’s expected loan recovery in a
particular year is the figure to which one should add the indemnities paid
by ISA. Unfortunately, this information is not available.

With these clarifications, the most directly observable benefit of
ISA’s activity is the payment of indemnities to the BDA. Between 80 and
90 percent of ISA’s indemnities were paid to the BDA, and they were an
important part of loan recovery for the BDA. As shown in table 6.3, these
contributions have been quite significant in recent years, but certainly in
1981 and 1982 when serious drought and floods caused major losses. The
amount that the bank would have recovered without ISA’s program cannot
be determined, nor can the extent of loan rescheduling that might have
been required be known. In any event, it is clear that the BDA received
indemnity income from ISA, and this increased its loan recovery.

Other effects of ISA’s insurance on the BDA are observable from a
comparison of the performance of a sample of insured and uninsured loans
issued between 1974 and 1980 and maturing by June 1981. Loan perfor-
mance for rice, corn, tomatoes, and vegetables is shown in table 6.4; that
of coffee and livestock is in table 6.5. The main conclusions derived from
this comparison for different crops are the following:

1. Insured loans on the average have slightly larger net returns than unin-
sured loans. However, the actual rate of interest is never equal to the
agreed rate at issuance time (in nominal terms). This occurs because
insured farmers not affected by disasters, or those not receiving indem-
nities, even if partially affected by disasters, delay some payments.

2. Insured loans have an actual duration nearly equal to their expected
duration, and in almost all cases the actual duration for insured loans is
significantly shorter than for uninsured loans. This means that by using
insurance, the bank can reduce its bookkeeping costs, prosecute fewer
overdue loans, and increase the turnover velocity of its capital.

3. Insured loans have more stable returns than uninsured loans
(table 6.6).

These results support the arguments offered in the previous section
in favor of credit insurance. They imply direct short-term benefits for the
bank. However, it is not possible to resolve whether credit insurance en-
courages the bank to be less careful in its loan analysis and supervision.

4. For the 1981-82 cycle, for example, coverage of rice was 94.7 percent, of corn 96.5
percent, and of sorghum 72.4 percent. Sorghum is historically the crop with the largest loss
ratio. Fortunately, however, sorghum represents a small portion of ISA’s portfolio.
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The Impact of Credit Insurance on Bank Performance

TABLE 6.6 Variability of returns by size and type of loan, Agricuitural Development
Bank of Panama, 1974-80 (dollars)

Uninsured loans Insured loans
Crop or
other recipient Small Medium Large Small Medium Large
Rice 104 376 1,734 10 144 428
Corn and sorghum S0 210 s 30 194 b
Tomatoes M4 160 : 6 26 b
Vegetables : 244 . b b b
Coffee 40 268 : b b b
Livestock 130 866 . b S6 b
Other loans 92 272 . 6 22 b
Credit to cooperatives s 2 3,674 b b

Source: Pomareda (1984)

Nore: Small loans, under $1,000; medium loans, $1,000-$10,000; large loans, over $10,000.
Variability is measured as the sum of the absolute deviations from the mean return.

*Not issued by the Agricultural Development Bank.

®Not insured by Agricultural Insurance Institute of Panama.

Nor is it known the extent to which at least part of these benefits might
have been obtained through better loan appraisal procedures and more
diligent efforts to collect outstanding debts.

We turn now to a fuller analysis of the potential benefits of credit
insurance on bank credit. Since one of the objectives of the BDA is to pro-
vide the largest amounts of credit possible to agriculture over time, it is
necessary to consider the effect of insurance on the growth in lending.

Bank Growth with and without Insurance

Banks are rather complex institutions to manage. Optimization of their
asset and liability portfolios would provide a sound basis for bank manage-
ment (Jessup 1980). In optimizing a bank’s portfolio, it is necessary to con-
sider the allocation of physical resources, the riskiness in returns on alter-
native investments, the need for liquidity, and the intertemporal transfer
of funds. The above considerations have been integrated into a multipe-
riod linear programming model of the BDA. Only a brief summary of this
model can be presented here; for a full description see Pomareda (1984).

Annual resource constraints are specified in the model for vehicles,
loan officers’ time, and collection officers’ time. Liquidity requirements
are incorporated through an equation that requires a balance of assets and
liabilities with different liquidity indices. Risk is included for loan returns
only and, as in chapter 3, through use of the mean absolute-deviation mea-
sure of variability (Hazell 1971). Intertemporal linkages are established
through a multiperiod specification, in which the maturity of loans, securi-
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ties, and borrowings initiated in year ¢, but maturing in subsequent years,
is explicitly modeled. At the end of each year, the available funds are
transferred within the model to the next period. Finally, institutional con-
straints are incorporated, which provide for a minimum of 2,000 small
loans (less than $1,000), and a maximum of 2,722 insurance policies issued
by ISA in the first year, with both numbers increasing by S percent each
year thereafter.

Choices among sources and uses of funds in each of the ten years of
the planning horizon are specified in considerable detail. Activities are in-
cluded each year for all the loan classes in tables 6.4 and 6.5. Activities are
also included for borrowing from international financial agencies and
commercial banks, for savings and checking accounts of different sizes,
and for investments in securities with different maturities. The model has a
total of 298 equations and 510 activities. Bank management is assumed to
be risk-averse, and in particular to behave in accordance with a mean-
return standard-deviation utility function of the form U = E — ¢o
(Baumol 1963; see also chapter 3). The model’s objective function is the
maximization of the sum of discounted utility over a ten-year planning ho-
rizon, plus the discounted value of terminal wealth. By varying the risk-
aversion parameter, ¢, in the model’s objective function, it is possible to
evaluate the effects of insurance given different risk attitudes on the part of
management.

The model was used to evaluate the impact of insurance on future
bank growth and on other variables of relevance in managing the bank. In
the first year of the planning horizon, ISA’s coverage is approximately 25
percent of the total BDA portfolio. Since the growth in this coverage is
restricted to S percent per year, what are being measured as the benefits of
insurance do not imply full coverage of the BDA portfolio.

Under risk-neutral behavior (¢ = 0), insurance permits an increase
in discounted utility from $196.42 million to $226.12 million, or by $29.7
million over ten years (table 6.7). When extreme risk aversion is assumed
(¢ = 3.15), total utility is necessarily smaller. However, the introduction of
insurance under extreme risk aversion increases the value of discounted
utility from $181.92 million to $214.21 million, or by $32.3 million over ten
years. The size of the utility gain from insurance is not therefore very sensi-
tive to risk aversion. It should be remembered that these benefits are the
result of several forces acting in the model as a result of insurance, includ-
ing cost reductions, increases in loan returns, and a reduction in the riski-
ness of returns. The discounted sum of the standard deviation of returns
(table 6.7) is actually very small relative to the objective function value.
This accounts for the apparent unimportance of risk in the results. In
other words, the gain in discounted utility in the model as a result of insur-
ance is only marginally due to a reduction in the total riskiness of the loan
portfolio.
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TABLE 6.7 Results of ten-year crop credit insurance experiments, Agricultural
Development Bank of Panama (BDA) model

With insurance Without insurance
Risk-neutral Risk-averse Risk-neutral Risk-averse
Year (¢ = 0.0) (¢ = 3.15) (¢ = 0.0) (¢ = 3.15)
Discounted sum of expected utility (millions of dollars)
1-10 226.12 214.22 196.42 181.92
Discounted sum of standard deviation of returns (millions of dollars)
1-10 3.10 2.9 4.26 3.92
Number of small loans®
1-10 25,156 25,156 25,156 25,156
Number of medium loans
1-10 18,663 22,878 7,051 8,966
Number of large loans
1-10 18,331 18,161 19,127 26,063
Number of insured loans
1-10 33,566 33,566 0 0
Value of BDA loans (millions of dollars)
1 49.79 49.79 49.60 49.63
2 48.94 50.41 37.94 42.54
3 30.96 32.14 36.51 40.20
4 45.32 47.18 32.90 38.77
S 56.20 55.46 51.18 48.87
6 59.70 58.98 53.79 51.56
7 63.53 62.86 56.63 54.49
8 66.20 65.25 59.23 56.82
9 87.26 85.97 63.70 60.90
10 40.74 40.07 35.70 34.22
1-10 548.64 548.11 477.18 478.00
Borrowings from commercial banks (millions of dollars)
1 21.40 21.40 21.40 21.40
2 9.90 11.71 0.61 6.07
3 16.07 15.52 23.12 21.42
4 22.38 22.05 20.50 19.47
S 23.87 23.55 21.63 20.63
6 26.68 26.37 24.07 23.10
7 28.54 28.25 25.46 24.54
8 28.89 28.50 26.51 25.29
9 50.90 48.35 29.48 28.09
1-9 228.63 225.70 192.58 190.01

Note: Small loans, under $1,000; medium loans, $1,000-$10,000; large loans, over $10,000.
*The number of small loans is always equal to the minimum requirement of 2,000 loans in the
first year, with a growth rate of S percent per year thereafter.
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Given the bank’s leverage requirements for a fixed ratio of liquid as-
sets to outstanding loans, insurance can increase its financial strength and
therefore its capacity to acquire more debt. In the risk-averse case, for ex-
ample, total borrowing over the ten years could increase by $35.6 million,
or 18.7 percent, when insurance is enforced. Increased loan recovery and
borrowings allow for a faster growth of lending activities. In the risk-averse
case, total lending over the ten years would increase by $70 million, or by
14.6 percent.

Insurance allows the issuance of a larger number of loans in both the
risk-neutral and the risk-averse case (table 6.7). This is possible because of
the increased availability of funds and the more efficient use of the bank’s
physical resources. The number of insured loans is equal to the maximum
allowed within the stipulated growth rate for ISA. Although not reported
in the tables, the shadow prices on the permitted number of policies are
large, suggesting it would be beneficial to the BDA if ISA were given addi-
tional operating resources to issue a larger number of policies each year.

Insurance also enables the BDA to reduce its average administration
costs per loan; from $1,135 to $956 in the risk-neutral case. But this sav-
ings of $179 per loan is barely larger than ISA’s average administration
cost per insurance contract (table 6.8). Credit insurance does not seem to
be a very cost-effective way of reducing the average administration costs for
the BDA.

Interest Rate Policies as an Alternative to Credit Insurance

Credit insurance does lead to some significant improvements in bank earn-
ings and growth, but the cost of providing it is high (table 6.8). It is perti-

TABLE 6.8 Administration costs of agricultural credit and insurance in Panama, 1976-82

Source of credit 1976 1977 1978 1979 1980 1981 1982
Agricultural Development Bank of Panama

Total cost (thousands of dollars) . ... 4,236 4,405 5,304

Loans issued (number) v ... 5,473 5,556 8,020

Loans outstanding (number)* e ... 1,350 1,642 1,667

Total loans (number) cen ... 6,823 7,198 9,687

Average cost per loan (dollars) e e 621 612 547

Agricultural Insurance Institute of Panama

Total cost (thousands of dollars) 123 188 218 318 463 682 714
Policies issued (number)® 9 351 809 2,114 2,722 3,486 4,140
Average cost per policy (dollars) ¢ < 269 151 167 196 173

Source: ISA, Memoria Anual, various issues; BDA, Informe Anual, various issues.
*30 percent of loans issued in the previous year.

®In the case of livestock, includes outstanding policies issued in the previous year.
¢Pilot years of the program.
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nent to inquire whether the benefits of insurance to the BDA might not be
more cheaply obtained if the government were simply to allow the bank to
charge higher interest rates. To answer this question, additional model ex-
periments were conducted.

Tables 6.9 and 6.10 show the effects on the BDA if all its loan interest
rates were increased by 2 percent. The overall impact on bank earnings,
lending, and growth is very similar to the changes achieved with credit in-
surance. However, the average cost of administering loans does not decline
with the interest rate increase; in fact it increases by $44, or 3.8 percent.
This is because of a modest decline in the average size of the loans issued.
On the other hand, the costs of administering ISA are avoided with the
interest rate approach, thereby offering the promise of substantial savings
to the government in the form of reduced subsidy payments.

Concluding Comments

Credit insurance has the potential to significantly improve bank earnings
and growth. These gains have been demonstrated with empirical data and

TABLE 6.9 Average annual sources and uses of funds under alternative strategies,
Agricultural Development Bank of Panama model (millions of dollars)

Without
insurance
but a
2 percent
Without With increase in
Item insurance  insurance interest rates
Source of funds
Internal
Loan recovery and interest earnings 52.62 58.89 58.91
Government subsidy 2.9 2.99 2.9
Other 0.24 0.24 0.24
External
Borrowings from commercial banks 19.26 22.87 22.52
Borrowings from international agencies 1.79 1.79 1.79
Total 76.90 86.78 86.45
Use of funds
Operating costs
Salaries and honoraria 5.73 6.10 6.23
Other operating costs 0.17 0.13 0.12
Financial costs
Amortization 20.84 24.29 24.14
Interest 2.76 3.16 3.14
Loans 47.40 53.10 52.82
Total 76.90 86.78 86.45

Note: All entries are averaged over the ten-year planning horizon in the model. Bank manage-
ment is also assumed to be risk-neutral in these experiments.
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TABLE 6.10 Effects of alternative strategies, Agricultural Development Bank of Panama
model, assuming risk-neutral behavior, ¢ = 0

Without
insurance
but a
2 percent
Without With increase in
Item insurance insurance interest rates
Discounted sum of expected utility (millions of
dollars) 196.420 226.120 224.843
Discounted sum of standard deviation of returns
(millions of dollars) 4.264 3.100 4.547
Small loans (number)* 25,156 25,156 25,156
Medium loans (number) 7,051 18,663 6,995
Large loans (number) 19,127 18,331 21,704
Total loans (number) 51,334 62,150 53,855
Average size of loans (dollars) 10,858 7,674 10,369
Average administration cost per loan (dollars) 1,135 956 1,179
Ratio of loan recovery to loan issuance® 1111 1.108 1.116

Note: Small loans, under $1,000; medium loans, $1,000-$10,000; large loans, over $10,000.

*The number of small loans is always equal to the minimum requirement of 2,000 loans in
the first year, with a growth rate of S percent per year thereafter.

®Includes interest earnings.

within the context of a normative model of bank portfolio management.
Interestingly, most of the gains from insurance to the bank do not arise
from reductions in the variability of loan returns but from reduced collec-
tion costs, prompter repayment, greater loan turnover, and more efficient
use of the bank’s staff and other physical resources. Quite possibly, part of
these gains might be achieved simply with improved management and bet-
ter loan approval and supervision procedures. Perhaps the acid test of the
value of credit insurance to the BDA is whether the bank would be willing
to contribute to its cost, either directly by sharing the farmers’ premium
payments or through a reduction in the government’s subsidy to its own
operations.

A 2-percent increase in the interest rate charged on BDA loans would
provide benefits to the bank comparable to those from credit insurance—
and at a much lower cost to the government. However, increasing interest
rates in this way would require an important departure in established gov-
ernment policy toward subsidized loans to farmers.
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Should Crop Insurance Ammar Siamwalla
Be Subsidized? Alberto Valdés

Crop insurance programs are promoted with two basic underlying
concerns in mind. First, because agricultural production risks are thought
to have a substantial effect on resource allocation, crop insurance is pro-
moted as an instrument for reducing the misallocation costs so induced.
Second, complemented with other policy instruments, crop insurance is
thought to mitigate the ill effects of fluctuations in farmers’ income. Thus
the broad objectives are to reduce inefficiency and to achieve rural income
stabilization, with the underlying premise that the social benefits exceed
the costs of crop insurance programs.

In practice, government-supported crop insurance programs are also
often used as a permanent income-transfer mechanism to benefit farmers;
the cases of Brazil (chapter 14) and Mexico (chapter 8) may be cited as
examples. Since the use of crop insurance for this purpose (rather than
using more direct and efficient means) has very little intellectual basis
other than political expediency, this last objective will not be discussed fur-
ther in this chapter.

Critics of crop insurance allege two major shortcomings. First, it
usually covers only yield variation and not price variation and thus contrib-
utes little to income stability. Second, crop insurance usually involves high
social costs, due to moral hazard and adverse selection problems, and high
administrative costs. With few exceptions, farmers are unwilling to pay the
full cost of all-risk crop insurance, and thus they depend on a government
subsidy. Farmers do, however, pay full costs of insurance on other impor-
tant risks, such as hail and fire.

In the literature on risk management for agriculture, issues concern-
ing the welfare economics of crop insurance are rarely discussed. (An ex-
ception is Roumasset 1978.) The major question examined in this chapter
relates to the concern that a competitive market may not offer farmers ade-
quate opportunities for risk pooling and risk shifting unless there is a sub-
sidy. However, the fact that the insurance market is incomplete does not in
itself imply that there is a true inefficiency. The question is whether the
lack of crop insurance in developing countries can be attributed to market
failure in crop insurance or to the fact that the real costs of insurance ex-
ceed its benefits.
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Preliminaries

Farmers cope with the inherent riskiness of agriculture in many ways.
First, they may engage in activities by themselves that reduce either the
probability of adverse events or the losses that result from such events.
Several alternatives are analyzed in chapter 2. Other examples are the use
of insecticide, which prevents infestation, or installation of a tube well,
which lessens the losses from drought. These activities do not presuppose
an effective capital or insurance market.

A second way to cope with risks is to pool them over time by adjusting
assets and liabilities. This presupposes a functioning capital market. The
costs of using this mode of risk pooling would vary with the efficiency of
that market.

Finally there may be risk pooling across individuals, or risk sharing.
Landlords and tenants share risks in a sharecropping contract. There is
also some risk sharing between borrowers and lenders in the capital mar-
ket, because of the possibility of default. Governments share some of the
farmers’ risks when the tax rate (whether for land tax or income tax) varies
with the farmers’ income. These types of risk sharing are really by-prod-
ucts of contracts and rules that have other purposes. Formal crop insur-
ance is a unique institutional device whose sole function is to share
farmers’ risks with individuals who may include nonfarmers.

Price Risk, Yield Risk, and Income Risk

If public policy is to be directed at risk reduction, its primary objective
should be to lessen income risk. Broadly speaking, income is a product of
output price and quantity from all income sources.! With some exceptions,
public policy has addressed the price and quantity risks separately, simply
because the instruments used to reduce them are different. Price risks are
usually tackled through price stabilization schemes involving forward
prices, or a variable trade tax, or a subsidy. The conventional market ap-
proach to quantity risks is crop insurance. A different approach, repre-
senting a direct attack on income risk, has been used in Australia in the
form of a farm income stabilization scheme (see chapter 10). However,
mitigating the effect of rural income fluctuations still requires more than
one stabilization instrument.

1. As agriculture is modernized, the rising share of cash input costs may substantially
increase the coefficient of variation of the net crop revenue. Input availability risk is also quite
significant for many developing countries. The solution to this should be on the marketing
and distribution side. Where this is not physically possible (as in the case of irrigation water),
it may be regarded as another hazard to be insured.
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In many instances, price will be more important than yield as a
source of year-to-year variation in income. This was the case in the United
States during the 1930s and 1940s (Johnson 1947). Under these conditions,
the first and best solution is to reduce the amount of uncertainty through
price policy. Crop insurance would then be supplemented when significant
yield uncertainty exists.

Discussion of risk management recognizes that price and yield do not
vary independently. The general presumption is that prices and quantities
move in opposite directions, because it is thought that the major cause of
variability comes from supply rather than demand. However, this presup-
poses that the product is not traded in the world market, or if so, the do-
mestic price is insulated from the world price by policy. Usually, domestic
prices are influenced by shifts in world prices, and unless a country ac-
counts for a large share of the world market, price shifts need not be
strongly correlated with fluctuations in domestic production.

Given also that individual farm yields are not always highly corre-
lated with regional or national aggregates (see, for example, the evidence
in chapter 2), then individual farm yields are only likely to be weakly corre-
lated with prices. Therefore the conventional approach of treating price
stabilization and crop insurance as parallel devices for solving the income
risk problem of the farmer is justifiable. Additionally, most crops are in
any case already subject to some form of government price intervention, in
the form of either directly administered prices or indirect controls through
trade measures. We recognize that some of these measures unintentionally
destabilize prices further, but this additional price risk falls outside of the
predictable risk situation for which actuarial calculations can be made.

If farm yields and prices are not weakly related, then providing crop
insurance and price stability through separate policy instruments can
present difficulties. If prices and quantities are negatively correlated, then
provision of either price stabilization or crop insurance, by itself, would
destabilize income. In such a case, the correct policy is to provide neither
or both. Where covariation between individual farm yields and prices is
positive, either price stabilization or crop insurance by itself would be at
least partially beneficial. Obviously, the first item on the research agenda
before a crop insurance program is launched should be an analysis of these
covariations.

In those countries where a large proportion of farmers are subject to
income taxes, probably the most efficient way to stabilize farm incomes is
to build an insurance element into the tax system through such well-tried
devices as income averaging. After thorough examination of the problem
of rural income fluctuations, an Australian government commission rec-
ommended this method as the most effective means of income stabilization
(see chapter 10). Elegant as this solution is, we shall ignore this possibility
because most farmers in developing countries do not pay income taxes.
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Risk Coverage

If crop insurance primarily reduces yield risk, is the insurance to be pro-
vided against general risks or specific risks? If the insurance coverage is
specific, then the precise set of events that will trigger an indemnity pay-
ment will be listed; for example, hailstorm, typhoon, or fire. If all yield
risks are covered, then a realized yield below some specified level will trig-
ger an indemnity payment regardless of cause. Obviously the latter type of
coverage is more ambitious, and it is more difficult for the insuring agency
because it is more susceptible to moral hazard. We believe this problem is
so acute as to make general coverage insurance very expensive, if not prac-
tically infeasible, for most developing countries.

Concentration on insurance against specific and measurable risks
tends to underplay the role of the public sector in reducing farmers’ risks.
It causes us to overlook one very important class of situations or uncertain-
ties, for which there may be an important role for the public sector. These
situations arise from the introduction of new technologies, in particular
those that are the outcomes of public research activities.

When farmers are introduced to a new technology, they are being
asked to take something of a leap into the dark. Their response to reduce
that uncertainty has been to undertake certain information-gathering ac-
tivities. Most frequently they start an experimental plot of their own, allo-
cating only a portion of their land to the modern method (for example, a
new variety), or they wait to see the results of a neighboring farm'’s experi-
ment. Now this privately rational action can be socially quite wasteful, as
many farmers are engaged in obtaining a better estimate of a single ob-
ject—a yield distribution function.

A faster and more socially economical method may well be through a
centralized research network. It could obtain not only a point estimate of
the yield under a new technology but the whole yield distribution under the
variety of hazards faced by the farmers. The research network would then
disseminate the information to the farmers or to private insurance compa-
nies. In some countries farmers might not trust such information, in which
case the public authorities might use the information to provide insurance
coverage to farmers, at least for a few years after a new technology is
introduced.

When a private firm such as a seed company introduces a new tech-
nology, the government could require that it introduce crop insurance
along with it. This could dampen exaggerated claims for a particular in-
put. However, if the risk is transferred from farmer to research or develop-
ment agency, the latter may become risk-averse, delaying the introduction
of new technology until they are absolutely certain about it. Even if the
government takes up the risk burden through insurance, it imposes an ex-
cessive cost on research agencies. It would also be extremely difficult to
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assess the potential impact or true value of a new technology, given the
likelihood of moral hazard by farmers.

Potential Social Benefits of Crop Insurance

An argument for government-subsidized crop insurance is the possibility
that a divergence between social and private returns would generate sub-
stantial externalities. If so, private firms may have insufficient incentive to
provide insurance, and a subsidy would be necessary to bring the economy
back to an optimum welfare position.

The key externality pinpointed by some advocates of crop insurance
is the spillover effect on consumers. Hazell (1981) has argued that with the
reduction in risk made possible by crop insurance, production of many
crops will increase. “Increases in production induced by crop insurance
will benefit consumers as well as producers. If demand is inelastic, average
farm incomes may actually decline, and consumers will reap all the bene-
fits. These distributional effects may require that governments, rather
than private companies, establish crop insurance programs. Private insur-
ance companies can only collect premiums from farmers. But govern-
ments, acting in the interest of society at large, could subsidize insurance
for farmers when the cost can justifiably be recouped from consumers.”

We attach particular importance to clarification of the logic for a
subsidy, because public funds spent on crop insurance could be drawn
from other worthwhile activities, such as primary education and physical
infrastructure.? Thus the need exists for a cost-and-returns calculation to
establish the case for public support of crop insurance.

Consider first a commodity market in a world without crop insur-
ance. The supply curve for the commodity is given by S, in figure 7.1. In-
cluded in this supply curve is a risk premium component, for which the
farmers have to be compensated because of production risks that cannot
be shifted. In cases where farmers diversify into other safe crops at some
cost to their average return, that cost is also included in the risk premium.
Now suppose that a crop insurance system is introduced for which farmers
pay the full cost. The insurance reduces the farmers’ risk premium. Conse-
quently, the new supply S, is below §,. To simplify the exposition, we as-
sume that both S, and S, refer to the supply in normal years, to abstract
from short-run shifts around S, and S, due to random factors affecting

2. Judging from crop insurance programs in Japan, the United States, Brazil, and
Meico, public subsidies may have to equal two or three times the value of premiums col-
lected. For example, in Brazil the federal budget covers S0 percent of the cost of the program
(chapter 14). The national insurance program in Mexico (chapter 8) receives more than 80
percent of its total payments from government.
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Price

Expected

FIGURE 7.1 Welfare gains to consumers and producers from insurance

yields. We also assume that these supply curves correspond to an undis-
torted capital market situation. To the extent that demand is not perfectly
elastic, there will be a fall in price from P, to P,, with consumers capturing
Py ADP, as extra surplus.’

Initially, the cost to farmers of producing g, is reduced by AC, with a
net savings of OAC. This cost savings is a sufficient incentive for farmers to
buy crop insurance without any subsidy. Once crop insurance is generally
adopted, the price will drop as mentioned. So the net welfare gain for pro-
ducers will be P,DO less P,AO, which may be positive or negative. Con-
sumers will gain Po,ADP,. For society as a whole, the net welfare gains are
represented by the area OAD. The amount of the gain will depend on the
magnitude of the shift of supply from §, to S, resulting from the adoption
of insurance and the relevant demand and supply elasticities. Since the
insurance premiums paid are included in S, the welfare gain depicted by
the area OAD measures the social value of the introduction of insurance

3. If demand is perfectly elastic, farmers will capture all the benefits of the innova-
tion, and thus the case for a subsidy disappears.
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net of its full cost.* This social return depends upon the farmers adopting
the innovation, but this they will individually do, even if they end up collec-
tively being the losers.

Is it possible that with the leakage of benef' ts to consumers, there is
too little insurance provided, and hence the government should return that
surplus to farmers by subsidizing crop insurance? Such a subsidy would in
effect shift the supply curve further to some level such as §,, causing the
equilibrium production to shift from g, to g, and output price to come
down further, from P, to P,. It can be easily shown that the gain in con-
sumers’ and producers’ surpluses consequent on such a subsidy is ODG,
and this is always less than the subsidy cost P,P3FG. As the level of subsidy
is arbitrary, there will always be a net social loss regardless of how much
subsidy is provided.® There are therefore no grounds to believe leakages to
consumers have to be corrected by a subsidy to either insurers or farmers.

The introduction of crop insurance can be regarded as a cost-reduc-
ing institutional innovation. If it is an economically viable innovation, it
generates an increase in social welfare, or a “free lunch,” some or all of
which accrues to consumers. If demand is inelastic, there is a further
transfer from producer to consumer, so that the farmers end up with a
loss. This leakage to consumers, however, will not in any way prevent its
adoption. As long as the cost of the insurance is fully paid by the farmers,
there is no reason to suppose that a suboptimal amount of insurance will
be provided.

It is instructive to compare crop insurance with new technologies
produced by agricultural research. On the face of it, there are many simi-
larities, even though one is a technological innovation and the other an
institutional innovation. Both can generate social surplus. In the case of
agricultural research, this has been demonstrably very large, but it is not
entirely captured by the producers. Economists (even those highly skepti-
cal about the value of government intervention) have generally pressed for
strong public support of agricultural research (Schultz 1979). Would not
the same arguments apply to crop insurance?

4. Potential profits to the providers of insurance are not considered; thus we assume
implicitly a constant cost function for insurance over the relevant range. Also, the diagram
shows the effect of insurance as a rotation of the supply curve, but the conclusion remains
unchanged for a parallel, or any other, uniformly downward shift.

S. The gain to producers and consumers, ODG, can be expressed as:

2 Pyqy + Pq2 — q1) — V2 Pgqy — 12(Py — P))(q2 — q1).

This reduces to 2 Pig; — Y2 P,q,. The cost of the subsidy is P, P; FG, or (P; — P,)q;. Let the
supply function be denoted by P = \ g, where \ is the slope coefficient, then P, = \;q,,
P; = \;q2, and P; = )\, qa. Substituting into the above and taking the net social gain as
ODG — P,P3FG, this reduces to (\; — \))(12¢)q2 — qz) Since \; > A, and g, < g3, then
the net social gain is always negative. The authors are grateful to Peter Hazell for this proof.
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The key difference emerges if we examine the nature of the product
of agricultural research. Agricultural research generates knowledge,
which is a public commodity. One person’s utilization of that knowledge
will not in any way detract from another person’s capacity to do so. If left
to their own devices, private firms will not engage in the production of such
knowledge, because there is no way that its output can be sold individually
to each user.

Some research results, such as self-pollinated seed and agronomic
practices, cannot be patented. Even when patenting is possible, charging
for the use of that knowledge may cause underutilization, relative to the
optimum, because the social marginal cost of its use is zero. Government
support is therefore required for the production and distribution of such
knowledge. Note that if the basic knowledge is used in the production of
private commodities, such as hybrid seeds and pesticides, the arguments
for public subsidy at this later stage disappear. Seed firms can recover the
cost of seed production (including its development cost) from the farmers.

The picture for crop insurance is quite different. It is clear that crop
insurance itself is not a public commodity. Firms can sell coverage to indi-
vidual farmers and recover their costs from them. In this respect, their
situation is analogous to the seed companies rather than to those engaged
in basic agricultural research. However, it may be argued that the institu-
tional innovation of crop insurance does require basic research, like the
basic genetics that led to hybrid maize. There is considerable ignorance
about the actuarial questions of crop insurance, which adds considerably
to the risks facing private insurers. Farmers, too, lack information on how
crop insurance would affect the distribution of their net income. This fact
implies that the research activity rather than the crop insurance itself
should be subsidized.

If learning by doing is less costly or more productive than learning by
research, then the subsidy for crop insurance may be justified in its early
stages. In that case, the objective of the subsidy should be narrowly speci-
fied and the subsidy withdrawn once the lesson has been learned. Such
promotional pricing of crop insurance in the early years must be based on
the premise that insurance pays in the long run. The Japanese case is quite
instructive. They launched their crop insurance program in 1939. Despite
the high quality of data Japan possessed even then, the actuarial basis for
insurance was rather poor until about 1954 (Ahsan 1981).

There are two other social arguments for subsidized insurance that
deserve discussion. First, small-scale farmers are particularly vulnerable
to income fluctuations arising from production risks, but they are poorly
placed to pay the full price of insurance. In order to avoid the decapitaliza-
tion or destitution of these households in bad years, subsidized crop insur-
ance may seem justified. However, subsidized insurance should be tar-
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geted only on this group, and it is by no means clear that insurance is the
most efficient way of attaining this equity goal.®

Another argument for subsidized crop insurance arises from the
spillover effects crop losses may have if factors of production, particularly
labor, are immobile or if factor prices are rigid. Then the income losses
originating from crop shortfalls affect nonfarmers through the multiplier
process. In this case, normal crop insurance would provide an automatic
stabilization mechanism. This is a valid and possibly even powerful argu-
ment for subsidizing crop insurance. However, research is needed on how
the effects of crop losses percolate through to nonfarmers in the affected
region. If these later losses are the economically more significant, then
compensating farmers for crop losses would be insufficient, and public-
works programs might be needed to reverse the fall in factor demand.
Farmers could be compensated through these programs instead of through
crop insurance.

Public-works programs and other relief measures, however, tend to
be short term and discretionary. They do not provide the certainty of crop
insurance. A significant advantage of crop insurance is that the recipient
receives compensation as a right and not as a handout.

Conclusions

This chapter explores the welfare economics of crop yield insurance,
weighing arguments in favor of government intervention. Qur conclusion
is that the benefit of crop insurance is one of institutional innovation and
must be weighed against the cost of inducing such an innovation. Any sim-
ple across-the-board subsidy of crop insurance is ruled out except perhaps
as an infant industry. We have pinpointed the inadequacy of data and in-
formation as the major barrier to the development of a crop insurance in-
dustry. As these are classic examples of public commodities, the govern-
ment’s role in its provision is clear. We also favor other emergency relief
measures rather than crop insurance to alleviate hardships that follow crop
losses. The impact of such losses tends to fall on a much broader class than
cultivators, the group normally covered by crop insurance.

6. This targeted approach would take care of Roumasset's valid objection (1978,
pp. 99-100) that an across-the-board subsidy would not necessarily aid poor farmers more
than wealthy ones.
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Subsidized Insurance
in Mexico

Public crop insurance in Mexico has a history of only about twenty
years, although private agricultural credit insurance has existed for a
longer time. The public insurance agency (Aseguradora Nacional Agricola
y Ganadera, S.A., or ANAGSA) now insures more than a dozen annual
crops. The area covered by ANAGSA programs has expanded by about S
percent per year, and recently even more rapidly. ANAGSA now insures
over eight-million hectares (table 8.1), or about half the total area in Mex-
ico sown with annual crops.

In the two-year period 1981-82, maize alone accounted for about 43
percent of the insured area, followed by beans with 16 percent, sorghum
with 15 percent, wheat with 8 percent, and soybeans, safflower, and cotton
each with 3 percent. The emphasis on basic food crops has increased
sharply in recent years, as witnessed by the following statistics on the per-
centage of the insured area sown in maize and beans: 1976, 45 percent;
1977, 42 percent; 1978, 40 percent; 1979, 41 percent; 1980, 56 percent;
1981, 60 percent; 1982, 57 percent. This new policy emphasis was part of
the program orientation of the national food plan (Sistema Alimentario
Mexicano, or SAM).

Nevertheless, from its inception Mexico’s crop insurance program
has contained an important redistributional element. The beneficiaries of
the agrarian reform (ejidatarios) pay much lower premiums than private
farmers do. These variations in premiums do not, and are not intended to,
reflect differences in average levels of compensation. On the other hand,
increased production efficiency is also one of the motivations of the
ANAGSA programs. The SAM programs increased the subsidy element in
the insurance premiums, with the explicit aim of providing incentives for
increased production of basic crops.

These comments indicate that, from the viewpoint of the Mexican
government, the crop insurance program should not be evaluated in terms
of any single social goal, but rather it has to be reviewed in the light of
multiple policy preferences. This is consistent with Mexico’s agricultural

The research reported here does not necessarily reflect the official views of the Mexi-
can government.
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TABLE 8.1 Cropping area insured by ANAGSA, Mexico, 1976-82 (thousand hectares)

Crop 1976 1977 1978 1979 1980 1981 1982
Sesame S5 65 84 118 145 69 135
Alfalfa 0 0 4 : 0 10 19
Cotton 146 232 199 205 212 225 240
Rice 47 69 42 68 94 136 172
Safflower 105 123 158 164 155 275 198
Barley 0 0 0 0 0 69 65
Soybeans 74 140 100 0 69 204 254
Beans 471 331 248 269 767 1,163 1,307
Maize 1,028 1,160 1,017 924 2,107 3,259 3,459
Maize, beans® 0 0 0 20 4 0 0
Potatoes o 0 4 S 2 0 3
Sorghum 564 S14 517 495 830 1,062 1,229
Wheat 348 348 318 206 294 512 675
Others 477 541 455 504 486 435 570
Total 3,315 3,523 3,146 2,978 5,165 7,419 8,326
Source: ANAGSA, Annual Report, various issues.

*Less than SO0 hectares.

®Intercropped.

policy formation in general, for at least the past three presidential adminis-
trations (Mexico, Ministry of the Presidency 1973; Sistema Alimentario
Mexicano 1979).

Given these circumstances, this chapter attempts to provide a quan-
tification of the effects of Mexico’s crop insurance. These effects are mea-
sured in a multivariate way, including changes in producer income, sector
income, employment, consumer surplus, agricultural income distribution,
and other variables. The analysis is carried out via parametric solution of
the Mexican agricultural model, CHAC, with varying assumptions about
the riskiness of production decisions and the degree of insurance coverage
extended to farmers.'

Mexican Approaches to Crop Insurance

Until recently agricultural insurance in Mexico operated along the follow-
ing principles:

1. It indemnified the producer for all his cultivation costs when these were
totally or partially lost because of drought, frost, hailstorms, hurricane-

1. For a detailed description of CHAC see Duloy and Norton (1975), Bassoco and
Rendon (1973), Bassoco and Norton (1983), and Norton and Solis (1983).
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force winds, fire, crop disease and infestations, or excessive rainfall or
floods.

2. The insurance coverage was calculated per hectare and did not exceed
the total costs incurred through the harvest stage. Nor could it exceed
70 percent of the value of the anticipated harvest.

3. The insurance coverage began from the day that the crop germinated or
took root after transplanting.

In 1980, several important changes were made in these provisions
and in other elements of the operation of the insurance program. The cov-
erage was raised from 70 to 80 percent of the anticipated harvest, and
changes were made in the types of risks covered. Risks now covered include
exceptionally hot and cold spells, failure of the seed to germinate, inability
of the farmer to carry out planting because of poor weather, and other
problems beyond the control of the farmer. Insurance protection is now in
effect from the date of land preparation to the end of the harvest. (Previ-
ously, protection came into force when the plants germinated.)

In addition to the new, regular insurance programs of ANAGSA,
some farmers now receive more extensive coverage under the program of
shared risk (riesgo compartido). This program was spelled out in the Law
of Agricultural Insurance and Peasant Livelihood enacted on December
29, 1980. This law provides for indemnification of farmers for 100 percent
of their cultivation costs that are totally or partially lost owing to risks ad-
umbrated in the legislation. The new definition of cultivation costs for pur-
poses of insurance coverage now includes labor costs, interest due on agri-
cultural credit, and the insurance premium itself, as long as total costs do
not exceed the total anticipated value of the harvest. The shared-risk pro-
gram departs from previous practices in that it insures participating
farmers against variations in income and not just against variations in
yields. However, this program has remained quite small relative to the reg-
ular insurance program (table 8.2).

TABLE 8.2 Insurance coverage under the shared-risk program, Mexico, 1980-82
(thousand hectares insured)

Crop 1980 1981 1982
Beans 13 30 2
Maize 6 43 19
Maize, beans® b 0 0
Wheat 2 ) 1
Total 21 78 22
Source: ANAGSA.

*Intercropped.

bLess than S00 hectares.
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ANAGSA now subsidizes most of the insurance premiums. (Premi-
ums for each crop, by district, are shown in table 8.3. A description of the
rain-fed districts—rainfall and altitude—is given in table 8.4.) The total
subsidy outlay rose sharply in 1980 and 1981, to a level of about 15-billion
pesos (The figure for 1982 is for planned operations.)

Year Million pesos
1970 129.3
1971 161.8
1972 172.2
1973 233.0
1974 493.8
1975 783.0
1976 899.4
1977 627.9
1978 877.7
1979 1,295.9
1980 5,224.8
1981 15,188.5
1982 17,305.4

The Design of the Model Experiments

The analyses of the insurance programs were carried out via the solutions
of the Mexican national agricultural model, CHAC. It is a static equilib-
rium model, covering all the major short-cycle crops in Mexico. On prod-
uct markets, it generates market clearing prices and quantities in the face
of downward-sloping demand curves and price-responsive supply sets. In
each of the producing regions there are numerous alternative crops and
technologies, so the model’s response to a price change is governed implic-
itly by cross-price elasticities of supply as well as by own-price elasticities.
The price (return) for farm labor also is endogenous, and possibilities are
specified for interdistrict and interregional migration of field labor. Re-
source constraints are defined on a monthly basis in each district for land,
labor, and water, in order to incorporate the major determinants of crop
rotation patterns.

The deterministic part of the model’s objective function is the maxi-
mization of consumer and producer surplus in all product markets. Fol-
lowing Samuelson (1952), this leads to simulations of the behavior of an
atomistic market, in which no one producer can influence the market price
with his own production. Some kinds of market imperfections have been
incorporated into the model. Differing degrees of access to marketing
channels and permanent differences in product quality (owing to differ-
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TABLES8.3 Mexican crop insurance premiums with subsidy and without subsidy, 1981

(pesos per hectare)
Premium without Premium with

District and crops subsidy subsidy
Irrigated
Rio Colorado

cotton 915 346

sorghum 692 278
Hermosillo

wheat 374 185
Rio Yaqui

safflower 418 227

maize 365 195

soybeans 382 165

wheat 374 185
Culiacin-Humaya

soybeans S84 251

wheat 412 167
El Fuerte

rice 429 163

beans 387 119

soybeans S84 251

wheat 412 167
Bl Bajio

barley 272 108

beans S06 207

maize 600 239
Other Northwest districts

cotton 660 339

rice 429 173

cucumbers 750 363

sorghum 308 156

wheat 412 167
Northeast districts (including La Laguna)

cotton 693 274

safflower 389 163

maize 368 152
Chihuahua and Durango

cotton 693 274

safflower 158 146

wheat 415 188
Other Central districts

barley 377 130

beans 566 283

chickpeas 150 67
Southern districts

green chiles 470 223

beans 302 97

watermelon 917 416
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TABLE 8.3 Continued

Premium without Premium with

District and crops subsidy subsidy
Rain-fed
District B

sorghum 178 80
District C

safflower 414 164

maize 316 121
District E

safflower 414 164

maize 316 121

sorghum . 260 114
District G

safflower 145 62

maize 157 62

sorghum 191 72
District 5

maize 157 62

sorghum 191 72
District 6

maize 400 154
District 7

maize 400 154

wheat 299 100
District 8

maize 396 147
District 9

maize 129 45

sesame 283 108

sorghum 182 3
District 10

maize 532 177
District 11

maize 398 9%
District 12

maize 450 163
District 13

rice 546 241

maize S11 224

sorghum 448 187
District 14

soybeans 470 197

maize 446 125
District 15

sesame 316 132

maize S11 224

Source: ANAGSA.

Note: These premiums were aggregated to the CHAC spatial definitions on the basis of data
supplied by ANAGSA. Geographical locations of rain-fed districts: Northwest, B, C, E;
North Central and Northeast, G, S, 6, 7; Central Plateau, 8, 9, 10, 11, 12; South, 13, 14,
15. Their precipitation and altitude are given in table 8.4.
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TABLE 8.4 Annual precipitation and altitude, rain-fed agricultural districts, Mexico

Rain-fed Annual precipitation Altitude
district (millimeters) (meters)
B 200-400 0-500
C 600-800 0-500
E 800-1,000 0-500
G 400-600 0-500
S 600-800 0-500
6 400-600 1,500-2,000
7 600-800 over 2,000
8 over 1,000 500-1,000
9 600-800 500-1,000
10 800-1,000 1,000-1,500
11 400-600 1,500-2,000
12 600-800 1,500-2,000
13 400-600 1,500-2,000
14 over 1,000 0-500
15 over 1,000 over 2,000

ences in soils, climate, and so on) are reflected in constant interregional
price differentials. These differentials are added to the national market
clearing price in order to obtain the spatial prices that affect producer be-
havior. Existing input subsidies (including the implicit subsidy on irriga-
tion water) are incorporated in the input-cost coefficients, so that the
model simulations are conducted in as realistic a manner as possible. The
tendency of subsistence farmers to rely on retention of basic foods is re-
flected in basic food consumption constraints (for some farm groups) plus
parameters that change the wholesale/retail price differentials, which are
associated with use of the market rather than home retentions, to meet
these constraints. Finally, the technological dualism of agriculture is re-
flected in the much narrower range of production choices and lower yields
faced by subsistence farmers, as opposed to commercial farmers.

Risk considerations for producers are specified in two components:
(1) matrices that generate, as part of the solution, measures of the income
variability for farmers associated with the endogenous cropping patterns;
and (2) risk-aversion parameters in the objective function. As in chapter 3,
the latter are based on local linearizations of (E, V) utility functions
(Baumol 1963; Markowitz 1959), so that they are expressed in terms of
expected income and its standard deviation. The procedure for developing
an endogenous measure of income variability (that is, its standard devia-
tion) was developed by Hazell (1971), and it has been adapted to the
sector-wide context by Hazell and Scandizzo (1974).

Thus the total objective function is a risk-modified measure of con-
sumer and producer surplus over all agricultural product markets. In non-
linear form it may be written
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Max Z = x’'M(A — 0.5BMx) — C'x — ¢(x'Qx)"?, 1

where

is a vector of cropping activity levels (in hectares);

is a diagonal matrix of average yields per hectare;

is a vector of cost coefficients;

are coefficient matrices of a linear-demand structure, and B is
assumed to be diagonal;

is a risk-aversion parameter;

is an aggregate of individual farm covariance matrices of activity
revenues. (See Hazell and Scandizzo 1974; Hazell, Norton, Par-
thasarathy, and Pomareda 1983).

A set of resource constraints is also added to the model in the form
Dx < r. (2)

Forming the relevant Lagrangian function, L, then, apart from the feasi-
bility conditions, the necessary first-order conditions of the model are the
following:

De WAI«

oL

T mj(a; — bym;x;) — ¢; — $lx’Qx)~ " Luyx;
- Ldyh < 0, S
oL
aj Xj = 0. )

where the )\, are the dual variables associated with equation 2, and where
a;, b;, cj, m;, dy; and wy are elements of the matrices A, B, C, M, D and 0,
respectively.

For each cropping activity that is nonzero in the optimal solution, the
term (a; — b;m;x;) equals the expected value of price, so

EP) = %(cj + Lidghe + &(x'0x)~ " 2Luoyx). (S)
¢

Equation S may be interpreted as saying that the expected value of price
equals the expected value of the marginal cost of production, where the
three terms in marginal cost represent the cost of purchased inputs, the
opportunity cost of fixed resources, and a risk-cost term. The sign of the
marginal risk-cost term I;w;x; affects the value of x; in the optimal solu-
tion. Products with large variances of income or revenues, which are posi-
tively correlated with the revenues of most other products, will tend to have
a positive risk-cost term, and hence lower output under risk-averse behav-
ior. For further aspects of the methodology see Hazell and Scandizzo
(1974).
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This kind of model is used in a comparative statics manner. That is,
it does not give information regarding the time path of the variables, but
rather it simulates a new equilibrium conditional on changes in parameter
values or resource endowments. Such analysis is reported extensively in
Bassoco and Norton (1983).

The role of crop insurance can be reflected in the model in two ways:
in terms of effects on attitudes toward risk (risk preferences) and in terms
of the objective variability of farm incomes. We employ both methods and
hence generate two sets of numerical insurance experiments. One set com-
putes estimates of the effects of a “perfect” insurance program, which to-
tally eliminates risk considerations from the farmer’s decision function.
The other set simulates as closely as possible the consequences of recent
alternative formulations of the ANAGSA insurance program.

To implement the initial set of experiments, parametric variations
are conducted on the risk-aversion parameter, ¢. Clearly, it is not possible
to associate intermediate values of ¢ (0 < ¢ < ¢*, where ¢* is the base
value) with degrees of effectiveness of the insurance programs, since insur-
ance does not change behavioral attitudes to given levels of risk. However,
it is possible to say that ¢ = 0 corresponds to the case in which risk con-
cerns are totally absent; that is, the insurance program removes all vari-
ability in farm incomes. The implicit assumptions are that the insurance
scheme is actuarially fair and administrative costs are fully subsidized.
The case of ¢ = 1 is the base for comparative purposes and corresponds to
a reasonable level of risk aversion (see chapter 3).

In the second experiment, which simulates the ANAGSA program
that prevailed until recently, farmers are compensated if their yields fall
below 80 percent of the normal yield for each crop and region, taking into
account the production technology used. The model is solved under two
different assumptions about the subsidy content of the premiums: without
subsidy and with subsidy at prevailing rates. (The shared-risk program un-
der which farmers are compensated for variations in gross revenue rather
than just yields is not analyzed here. The government does not intend to
expand this scheme much beyond the rain-fed areas currently covered,
hence its impact on sectoral aggregates will remain tiny. Anyway, a de-
tailed analysis of the scheme within the rain-fed areas is reported in chap-
ter 3.)

For the last experiments, the objective risk parameters of the model
are modified as described in chapter 3—the time series of past values of
gross revenues by crop and district are modified as if the revised insurance
program had been operative in those years. This corresponds to a new eval-
uation on the part of farmers of how the revised insurance program would
affect income fluctuations over time, assuming that their perceptions of
the insurance program are correct.
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Before reviewing the model solutions proper, it is useful to examine
the variability of crop returns in Mexico. Tables 8.5 and 8.6 contain mea-
sures of the variability in prices, yields, and incomes based on a ten-year
time series of yields and prices by locality (from 1970 to 1979). Table 8.5
illustrates two facts: that farm incomes in Mexico are unstable and that the
degree of their instability varies over crops and locations. The coefficient of
variation (the standard deviation divided by the mean) ranges from 0.12
(maize in Rio Yaqui) to 1.38 (oats in the north-central irrigated districts).

The coefficient of variation of income usually is greater than each of
the component coefficients of variation of prices and yields. Interestingly,
prices tend to be more unstable than yields.

TABLE 8.5 Coefficients of variation for price, yield, and income, and optimal cropping
patterns under alternative assumptions about risk behavior, Mexico, 1970-79

Coefficient of variation Production®
District and crop Price Yield Income =1 =0
Irrigated
Rio Colorado
cotton 0.64 0.22 0.79 276.7 4.7
alfalfa 0.40 0.17 0.46 1,052.0 1,052.0
wheat 0.31 0.16 0.48 0.0 437.1
Hermosillo
wheat 0.38 0.11 0.49 485.0 480.4
beans 0.44 0.22 0.35 8.2 0.0
sorghum 0.45 0.17 0.65 0.0 33.6
Rio Yaqui
safflower 0.41 0.24 0.50 1.7 0.0
flaxseed 0.50 0.13 0.5 14.2 14.2
soybeans 0.41 0.13 0.47 178.2 0.0
wheat 0.39 0.18 0.56 1,002.8 765.8
maize 0.37 0.12 0.12 0.0 73.4
watermelons 0.40 0.79 0.63 0.0 418.6
Culiacén-Humaya
rice 0.56 0.21 0.70 257.3 261.6
chiles 0.48 0.36 0.67 42.2 0.0
tomatoes 0.30 0.37 0.53 383.9 649.9
melon 1.07 0.31 1.19 202.3 277.2
soybeans 0.42 0.18 0.49 35.1 0.0
wheat 0.34 0.19 0.48 40.3 0.0
El Fuerte
alfalfa 0.32 0.18 0.46 68.0 68.0
rice 0.57 0.18 0.58 58.6 64.8
chiles 0.52 0.53 0.78 25 0.0
chickpeas 0.47 0.23 0.53 0.2 0.0
tomatoes 0.51 0.36 0.43 65.4 17.3
potatoes 0.52 0.21 0.65 25.8 0.0
wheat 0.35 0.17 0.54 960.1 982.3
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TABLES8.S Continued

Coefficient of variation Production®
District and crop Price Yield Income =1 =0
El Bajio
garlic 0.38 0.17 0.42 243 0.0
alfalfa 0.67 0.37 0.55 244.0 244.0
peanuts 0.42 0.29 0.46 53.0 10.2
onions 0.30 0.21 0.50 184 . 0.0
barley 0.28 0.12 0.31 15.7 18.4
beans 0.49 0.31 0.58 30.4 89.8
chickpeas 0.38 0.23 0.43 52.4 16.8
sorghum 0.44 0.15 0.54 206.9 34.6
cucumbers 0.69 0.11 0.66 0.0 106.2
Other Northwest districts
rice 0.67 0.16 0.78 142.8 61.6
beans 0.51 0.27 0.52 119.5 210.2
cucumbers 0.45 0.32 0.81 40.4 0.9
watermelons 0.33 0.22 0.45 55.2 0.0
wheat 0.38 0.19 0.54 823.4 751.0
alfalfa 0.39 0.27 0.61 514.0 514.0
tomatoes 0.34 0.17 0.39 0.0 63.5
sorghum 0.45 0.15 0.38 0.0 84.4
Northeast districts (including La Laguna)
alfalfa 0.52 0.35 0.24 771.0 771.0
cotton 0.73 0.29 0.84 248.9 385.3
safflower 0.42 0.19 0.57 167.2 45.5
maize 0.40 0.21 0.48 369.6 531.0
sorghum 0.32 0.15 0.29 89.4 0.0
Chihuahua and Durango
cotton 0.66 0.22 0.61 383.9 264.5
alfalfa 0.33 0.06 0.34 687.0 687.0
safflower 0.42 0.19 0.57 59.8 0.0
onions 0.39 0.53 0.81 14.3 312.1
oats 1.03 0.41 1.38 0.0 52.5
peanuts 1.02 0.24 0.58 0.0 6.7
Other Central districts
alfalfa 0.26 0.50 0.45 10,624.2  10,642.2
sugarcane 0.41 0.14 0.5 8,747.5 6,252.3
barley 0.33 0.09 0.40 586.1 583.4
chiles 0.54 0.32 0.48 76.9 226.5
strawberries 0.42 0.28 0.53 96.3 96.3
beans 0.43 0.18 0.54 390.9 300.3
lima beans 0.60 0.47 0.65 19.5 0.0
tomatoes 0.42 0.21 0.51 348.4 0.0
maize 0.33 0.12 0.45 736.5 1,261.9
sorghum 0.40 0.21 0.47 205.1 0.0
wheat 0.35 0.28 0.50 94.3 0.0
garlic 0.46 0.28 0.43 0.0 24.1
chickpeas 0.39 0.27 0.46 0.0 289
safflower 0.38 0.33 0.54 0.0 179.4
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TABLE 8.5 Continued

Coefficient of variation Production®

District and crop Price Yield Income =1 =0
Southern districts

chiles 0.24 0.27 0.34 2143 119.8

beans 0.54 0.13 0.52 124.4 147.2

watermelons 0.38 0.25 0.59 43.5 52.1
Rain-fed
District B

sesame 0.44 0.78 1.17 0.4 6.1

maize 0.40° 0.39 0.42 4.4 12.4
District C

safflower 0.42 0.31 0.31 9.2 0.0

beans 0.53 0.29 0.37 1.5 0.0

sesame 0.44 0.22 0.44 23 0.0

maize 0.36 0.29 0.27 73.1 104.3

sorghum 0.44 0.74 0.98 16.9 0.0
District E

safflower 0.42 0.32 0.30 8.2 0.0

beans 0.54 0.31 0.36 10.1 0.0

maize 0.36 0.31 0.29 37.4 68.4

sorghum 0.4 0.78 1.03 28.0 0.0
District G

safflower 0.49 0.34 0.59 4.6 31.8

maize 0.38 0.25 0.53 2449 2449
District 5

beans 0.54 0.69 0.51 58.1 49.5

maize 0.39 0.50 0.52 348.5 420.5

soybeans 0.45 0.15 0.45 87.1 0.0

sorghum 0.45 0.22 0.54 0.0 6.8
District 6

maize 0.38 0.13 0.39 39.2 39.2
District 7

oats 0.74 0.32 1.03 0.4 0.0

maize 0.40 0.36 0.49 3.2 9.2

wheat 0.31 0.68 0.56 0.7 26.6
District 8 :

cotton 0.49 0.17 0.49 45.8 324.8

maize 0.39 0.14 0.48 601.6 380.2
District 9

sesame 0.33 0.09 0.34 92.6 89.3

maize 0.38 0.11 0.38 129 129

sorghum 0.32 0.16 0.35 0.0 86.9

wheat 0.32 0.25 0.39 0.0 16.7
District 10

chickpeas 0.36 0.34 0.52 136.5 143.1

maize 0.38 0.10 0.39 2,256.2 2,246.2

tomatoes 0.41 0.36 0.72 0.0 95.8
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TABLE 8.5 Continued

Coefficient of variation Production®
District and crop Price Yield Income =1 =0
District 11
onions 0.37 0.13 0.47 271.0 0.0
maize 0.39 0.15 0.43 41.9 41.9
sorghum 0.28 0.12 0.33 818.1 2,614.0
soybeans 0.42 0.16 0.51 96.8 0.0
District 12
oats 0.74 0.33 1.04 49.8 0.0
maize 0.40 0.17 0.50 1,104.0 1,720.1
sorghum 0.41 0.19 0.52 1,705.8 394.8
District 13
sugarcane 0.43 0.06 0.41 23,530.8  26,025.9
maize 0.40 0.18 0.40 2.148.1 1,680.8
potatoes 0.25 0.29 0.52 607.0 679.1
sorghum 0.39 0.15 0.43 1,344.7 393.4
soybeans 0.45 0.14 0.58 297.1 756.4
tobacco 0.33 0.11 0.28 31.8 8.6
peanuts 0.59 0.16 0.67 0.0 38.1
District 14
maize 0.40 0.09 0.36 7.3 7.3
District 15
rice 0.43 0.10 0.49 20.8 91.5
beans 0.53 0.15 0.55 20.4 0.0
lima beans 0.73 0.47 0.38 23.7 46.8
maize 0.39 0.27 0.43 158.6 140.2
potatoes 0.30 0.25 0.59 14.0 0.0

Note: Geographical locations of rain-fed districts are given in table 8.3, note; precipitation
and altitude in table 8.4
21,000 metric tons. Production figures are taken from solutions to the Mexican model.

Table 8.6 presents aggregations over localities of the income coeffi-
cients, using as weights the production levels in the base solution (¢ = 1).
With these aggregations, clearer patterns begin to emerge. First, the coef-
ficients generally do not differ by more than a factor of two across crops,
although at the extreme the coefficient for irrigated oats is about three and
a half times the coefficient for irrigated barley. Second, the conventional
wisdom that vegetables are riskier than grains does not appear to hold up.
Under irrigation, leaving aside the extreme cases of oats, melons, and cu-
cumbers (with coefficients of variation of 1.38, 1.19 and 0.81, respec-
tively), the range of values for the coefficient of variation is 0.40 to 0.71 for
maize, wheat, sorghum, barley, and rice. It is 0.42 to 0.65 for beans,
chiles, onions, garlic, tomatoes, lima beans, chickpeas, strawberries, and
watermelons. A similar pattern holds in rain-fed areas, although fewer
vegetables are grown there. Third, irrigated and rain-fed areas appear to
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TABLE 8.6 Coefficients of variation for income, selected crops, Mexico, 1970-79

Irrigated Rain-fed
Crop districts districts
Maize 0.46 0.42
Wheat 0.54 0.56
Sorghum 0.47 0.45
Barley 0.40 e
Oats 1.38 1.04
AHalfa 0.44 .
Cotton 0.73 0.49
Rice 0.71 0.49
Safflower 0.57 0.36
Soybeans . 0.47 0.54
Sesame e 0.35
Beans 0.53 0.50
Chiles 0.42 e
Onions 0.64 0.47
Garlic 0.42 e
Tomatoes 0.51 0.72
Cucumbers 0.81 ves
Lima beans 0.65 0.38
Chickpeas 0.43 0.52
Strawberries 0.53 v
Watermelons 0.51 ..
Peanuts 0.46 0.67
Melons 1.19 ces
Sugarcane 0.55 0.41
Tobacco . 0.28

Note: Aggregation based on weights in the Mexican model solution with ¢ = 1; see table 8.5.

be comparable in relative riskiness, as measured by the coefficient of varia-
tion.

However, this last fact is offset by the consideration that incomes in
rain-fed areas are much lower than those in irrigated areas, on the average,
so the absolute riskiness of farming, as measured by the standard deviation
(or variance) of income, is much higher in irrigated areas. Bassoco and
Norton (1983, p. 165) report that for the sector as a whole, annual income
per hectare is over four times higher in irrigated areas as it is in nonirri-
gated areas.

Turning to the solutions of CHAC, complete risk elimination (simu-
lated by setting ¢ = 0) would have clearly positive effects on social welfare,
as measured by the change in the sum of producer and consumer surplus
from the base solution (table 8.7). However, consumers are the beneficia-
ries, and owing to output increases and price responses, producers are the
losers. Shifts in demand schedules over time would mitigate these effects,
but nevertheless the static consequences for producers are negative. On the
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TABLE 8.7 Welfare effects of risk elimination, Mexican model

Risk-averse Risk-neutral
Item =1 (¢ =0)
Objective function (10 million pesos)* 17,962.2 18,951.6
Producer surplus (10 million pesos) 2,798.8 2,215.9
Consumer surplus (10 million pesos) 15,163.4 16,735.7
Sector income (10 million pesos) 3,674.9 3,179.8
Gini coefficient 3386 .2966
Employment (thousand man years) 1,561.9 1,704.3
Production (index) 100.0 105.0
Maize production (thousand metric tons) 8,180.0 8,995.0
Imports (10 million pesos) 182.0 228

*Sum of the producer and consumer surplus.

other hand, landless workers are beneficiaries of this hypothetical change,
because employment rises significantly. This leads to an increase in net
income for this group, and so the decline in sector income is less than the
decline in farmers’ income. Maize production would be proportionately
more responsive than total production to an elimination of the risk factor.

Risk elimination increases the variability of farm income before the
stabilizing indemnities are added in; there are a few exceptions on a spatial
basis (table 8.8). From a policy planning viewpoint, this result implies that
insurance programs in general may well decrease the level of national food
security in some years, because of the greater variance of production
caused by the shift toward riskier crops. Of course, the variance of produc-
tion is likely to be less than the variance of income (see table 8.5), but an
increase in the latter is likely to mean an increase in the former. At the
macro level, insurance appears to be a double-edged instrument: it leads to
higher expected production levels and improves the rural income distribu-
tion, but it leads to greater instability of national food supplies. Therefore,
a crop insurance program may have to be accompanied either by greater
investments in storage facilities or by a policy of holding higher levels of
foreign exchange reserves.

The actual Mexican crop insurance program has effects that are
rather different from those associated with the hypothetical case of com-
plete risk elimination. One of the differences is that actual programs do
not completely eliminate risk. Another difference is that farmers pay in-
surance premiums that are not equal to the average indemnity received. As
noted above, in order to simulate the effects of the actual programs, the
risk time series (time series of gross revenue by crop) have been modified to
reflect insurance operations. This procedure effectively alters the basis on
which farmers form their perceptions of the riskiness of crops and crop
combinations. One important departure from reality is that the program is
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TABLE 8.8 Standard deviation of income per hectare, by district, Mexican model

Risk-averse Risk-neutral

District =1 (=0
Irrigated

Rio Colorado 0.70 0.52
Hermosillo 0.14 0.16
Rio Yaqui 0.16 0.29
Culiacén-Humaya 0.58 0.74
El Fuerte 0.09 0.12
El Bajio 0.17 0.28
Other Northwest districts 0.14 0.22
Other Northeast districts including La Laguna 0.24 0.28
Chihuahua and Durango 0.28 0.39
Other Central districts ' 0.12 0.13
Southern districts 0.10 0.11
Rain-fed

District B 0.08 0.08
District C 0.01 0.03
District E 0.02 0.03
District G 0.04 0.05
District 5 0.06 0.06
District 6 0.02 0.02
District 7 0.03 0.06
District 8 0.06 0.31
District 9 0.03 0.04
District 10 0.04 0.04
District 11 0.06 0.08
District 12 0.04 0.04
District 13 0.04 0.06
District 14 0.01 0.02
District 15 0.03 0.03

Note: Geographical locations of rain-fed districts are given in table 8.3, note; precipitation
and altitude in table 8.4.

assumed to apply to the entire sector; that is, to the entire area in annual
crops. Insurance is also treated as compulsory for all farmers.

Table 8.9 presents the aggregative results of the insurance program
simulations. The salient features of these simulations are the following.
Measuring social welfare as the sum of the producer and consumer sur-
plus, the actual subsidized insurance program leads to an increase of
1,190-million pesos in aggregate welfare. This increase is gross of the cost
of the subsidy. In 1980 (the model’s base year), the cost of the subsidy
amounted to 5,225-million pesos. This estimate is lower than the cost im-
plicit in the model solution,? but even so it is clear that there is a sizeable

2. The subsidy cost implicit in the model is larger because all farmers are assumed to
purchase crop insurance, even if they do not borrow official credit.
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TABLE8.9 Welfare effects of crop yield insurance, Mexican model, assuming risk-averse
behavior, ¢ = 1

With insurance

Without

Item insurance No subsidy Subsidy
Objective function (10 million pesos)* 17,962.2 17,269.0 18,081.0
Producer surplus (10 million pesos) 2,798.8 3,100.2 3,194.9
Consumer surplus (10 million pesos) 15,163.4 14,168.8 14,886.1
Sector income (10 million pesos) 3,674.9 4,079.8 4,136.6
Gini coefficient 3386 3327 .3449
Employment (thousand man years) 1,561.9 1,607.2 1,636.6
Production (index) 100.0 98.7 100.5
Maize (thousand metric tons) 8,180.0 7,948.0 8,179.0
Imports (10 million pesos) 182.0 183.5 182.5

2Sum of the producer and consumer surplus.

net social loss as a result of the subsidized insurance. On the other hand,

“the subsidized insurance does have a beneficial impact on farmers; both
producer surplus and sector income are larger than in the no-insurance
situation. There is also a favorable impact on employment because of
changes in the mix of crops grown. However, because commercial farmers
receive a disproportionate share of the subsidy, the distribution of income
within agriculture worsens somewhat, as shown by the increase in the Gini
coefficient.’

If the crop insurance program were not subsidized, there would still
be a loss in net social welfare compared to the no-insurance situation. This
loss arises because the insurance is compulsory, and in aggregate the ad-
ministration costs exceed the value of the risk-reduction benefits conferred
by the program. In fact, farmers’ costs are sufficiently increased by the
unsubsidized insurance that aggregate production declines by 1.3 percent.
However, because of the generally inelastic nature of the demand for agri-
cultural products, the decline in output leads to price increases that in-
crease producer surplus and sector income beyond the levels attained if
crop insurance were not introduced.*

In sum, while the crop insurance program in Mexico does lead to a
loss in net social welfare, it increases incomes and employment in the farm
sector and prevents a decline in aggregate production. Perhaps these ef-
fects might more simply be attained through price policy.

3. The Gini coefficient reported in table 8.9 is a measure of the distribution of average
farm income across districts.

4. This is a very interesting case, where compulsory insurance turns out to be benefi-
cial to the average farmer, but not because it provides a cost-effective way of reducing risk
costs. The gain arises entirely from the price increases induced by the leftward shift in the
aggregate supply. A farm-management analysis of the insurance program (like that in chap-
ter 3) would have failed to capture these effects.
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An Economic Analysis of Hiroshi Tsujii
Rice Insurance

in Japan

Multiple-risk crop insurance has been criticized because it is suffi-
ciently costly relative to its benefits that: it only exists when subsidized by
government. Yet, as Siamwalla and Valdés show in chapter 7, subsidies
that increase the amount of insurance purchased beyond that which
farmers would purchase voluntarily on a full-cost basis necessarily lead to a
net social loss. An important empirical question arises as to how costly
crop insurance subsidies really are to society.

Japan has had a heavily subsidized rice insurance program since
1947 (see chapter 13 for details). The major objectives of this scheme were
to encourage increased rice production and to help stabilize farm incomes.
However, is crop insurance a cost-effective way of achieving these goals?
This chapter evaluates the effect of the insurance subsidy on national rice
production and calculates a benefit/cost ratio for the government expendi-
ture on the insurance program. The analysis uses the estimation of an
econometric model of Japanese rice production. Key features of the model
are incorporation of farmers' risk-response behavior and their expecta-
tions about the per-hectare income transfer embodied in the subsidy.

The Cost of Rice Insurance

Japanese rice insurance is part of the crop insurance program established
in 1947 by the government. Rice insurance is compulsory for all farmers
growing more than 0.3 hectares of paddy. Before 1957, this minimum area
was 0.1 hectares.

The author wishes to thank Seiichi Fukui, Peter Hazell, Kenzo Hemmi, Shinichi Ichi-
mura, Ulrich Koester, Nelson Maurice, Marc Nerlove, James Roumasset, Ammar
Siamwalla, Suthad Setboonsarn, and Alberto Valdés for their helpful comments and discus-
sions on this chapter. The author would also like to thank Minoru Toda for his kind assis-
tance in gathering relevant data, and Lauren Farnsworth for her accurate assistance in set-
ting up the data bank and in using the SAS package for estimating the model for this study.
The major part of this research was done when the author was affiliated with the Interna-
tional Food Policy Research Institute in Washington, D.C.

143



Hiroshi Tsujii

The rice insurance scheme provides multiple-risk coverage against
natural yield risks. Although the insurance is compulsory, farmers do have
some flexibility in determining the value of the coverage they purchase and
therefore in the premium rate they pay. The key decision variable is the
price agreed to at the beginning of each season, which is used to value
subsequent crop damage. This price may be any of five specified ratios of
the government procurement price for rice. This flexibility in coverage was
one of several reforms of the insurance program introduced in 1957.

The government subsidizes over SO percent of the premiums that
farmers pay for crop insurance. In addition, the government bears a sub-
stantial part of the administrative costs of the program. It also provides a
generous reinsurance facility to the insurer, which often amounts to giving
grants in disaster years. In fact, farmers in general receive a net income
transfer from the program, because the premiums they pay are less than
the indemnities they receive.

The total cost of the crop insurance program to the government is
substantial. Table 9.1 provides a breakdown of these costs and shows how
they have increased over time. In the late 1970s, the insurance program
cost the government about 150-billion yen per year. About half of this sub-
sidized premiums, about a sixth went to reinsurance subsidies, and the rest
went toward the cost of administering the program. The government’s con-
tribution to the insurance program is about twice that paid by farmers.
The cost to the government has grown rapidly since the early 1970s, but it
has fallen as a share (to less than S percent) of the total budget of the Min-
istry of Agriculture, Forestry, and Fisheries.

Are such high levels of government support for the rice insurance
program justified? To evaluate the social returns from the program, itis
necessary to measure the effect of the program on the aggregate supply of
rice. To this end, we turn to the construction of an econometric model of
the Japanese rice sector.

A Model of Japanese Rice Production Incorporating Insurance

Two behavioral features in the area and yield equations are critical to the
evaluation of crop insurance. One is farmers’ expectations about the per-
hectare returns from growing rice, which are assumed to be based on past
returns. They include a revenue component that is the expected difference
between the insurance indemnities received per hectare and the premium
paid. Where positive, this difference measures the income transfer per
hectare embodied in the heavily subsidized crop insurance program. This
variable can be used to simulate the effect of changes in the insurance sub-
sidy on rice production. The second behavioral feature is a proxy variable
measuring the disutility cost of risk to growers, allowing changes in yield
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and price risks to affect supply. This feature enables the model to simulate
changes in rice production arising from changes in risk bearing induced by
the insurance program.

The complete set of equations in the model are set out below.

S, =A,-YA = A, (YN, + uy,). (1)
A, = ap + yR1* + 8R2* + a,PX,/PAP, + asROT, + a,CF,.

)
YN, =co + ¢,CF, + c;R1** + c;R2** + ¢ ROT, + ¢sT.  (3)
CF, = by + eR1} + p.RZ,‘ + bsV,—(N) + bsPIMAX, + b,0Y,.

4)
R1* — R1*, = a(R1,_, — R1%.,). ®)
R2* — R2*, = a(R2,, — R2%.,). ©)
RI** — R1,_,. %)
R2** =R2,_,. 8)

The following notation is used:

S, is total rice production in year ¢ in metric tons of brown rice;

A, is the total wet-paddy area planted in year ¢ (1,000 hectares);

YA, is the actual yield in year ¢ (kilograms/hectare);

YN, is the normal or expected rice yield for year ¢
(kilograms/hectare);

u3, is a stochastic yield term with zero mean (kilograms/hectare);

PAP, is a farm-gate price index of agricultural products
(1970 = 100);'

PX, is an index of the government procurement price of second-
grade brown rice (1970 = 100);2

R1, is the realized gross revenue in yen per hectare of planted
paddy in year ¢ deflated by the price index PAP,; R1, is there-
fore P, - YA,/PAP,, where P, is the average government procure-
ment price for rice calculated as P, = PX, - Py¢79;

R1? and R1** denote producers’ expectations or forecasts about
R1, for year ¢t;

R2, is the net return in yen per hectare from participating in rice
insurance; it is the per-hectare difference between the indem-

1. Rice is included in the price index, but it has a relatively low weight (29.4 percent in
1980).

2. The government procurement price is a guaranteed price announced at the begin-
ning of the production year. Since the government keeps tight control of Japanese rice trade,
the guaranteed price virtually determines prices at all levels of the rice market.
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nities received in year ¢, IND,, and the premium paid, CF,, de-
flated by the agricultural price index, PAP,;

R2} and R2}* denote producers’ expectations about R2, for
year t;

ROT, is the ratio of average off-farm income to average farm in-
come for paddy grower households in year ¢;

CF, is the part of the per-hectare rice insurance premium paid by
farmers in year ¢ deflated by the agricultural price index, PAP,;

V,(N) denotes a moving variance of per-hectare rice revenues, cal-
culated for the previous N years;

PIMAX, is a variable designed to capture the effects of institu-
tional change in the rice insurance program; the program has
been modified since it was structured in 1947 (see chapter 13),
changing the calculation of the maximum rice price (PIMAX,)
to be used in the valuation of any subsequent insured damage;
given the government procurement price, P,, then PIMAX, =
aP,, and a = 0.7 before 1962, 0.9 during 1963-75, and 1 there-
after;

0Y, is the average nonpaddy income for paddy growers in year ¢
deflated by the agricultural price index PAP,; and

T denotes a time-trend variable.

Equation 1 is a production identity; the supply of rice in year ¢ equals
area, A,, times actual yield, YA,. Actual yield is the sum of the normal (or
expected) yield for that year, YN,, and a random component, u3,. Equa-
tions 2 and 3 are behavioral relations determining, respectively, the aggre-
gate area of paddy planted in year ¢ and the normal yield to be expected
that year.

The paddy area planted is determined by farmers’ expectations
about per-hectare revenues, R1¥ and R2p, by the government’s procure-
ment price for rice, PX,, by the importance of off-farm income relative to
farm income for paddy growers, ROT,, and by the cost of rice insurance to
farmers, CF,. All monetary variables are deflated by a price index of agri-
cultural commodities, PAP,.

Farmers’ expectations about the per-hectare revenue from paddy are
broken into two parts: the expected gross value of rice production, R1¥,
and the net income transfer inherent in the insurance program, R2*. Al-
though both variables should be positively related to the planted area, they
need not be symmetrical (that is, ¥ and 6 may be different). The revenue
from rice sales can only be realized after harvest, whereas indemnities, if
paid, occur earlier in the season. Further, the crop damage associated with
indemnities may preempt the need to incur further production costs.
These differences may lead farmers to view the two types of income quite

148



Economic Analysis in Japan

differently. Following Nerlove (1958), farmers’ revenue expectations are
assumed to be formed adaptively, as defined by equations S and 6.

The normal yield each year is determined by farmers’ revenue expec-
tations, by the relative importance of off-farm income to farm income, and
by the cost of rice insurance. In addition, a time trend, T, is included to
capture the effect of technological change.

The revenue expectations in the yield function are assumed to be
formed differently from the expectations in the area function. This is de-
noted by the use of double asterisks, and the behavioral rules for determin-
ing R1** and R2** are given in equations 7 and 8. These expectations are
simply forward projections of the previous year’s revenue. The reasons for
having different revenue expectations in the area and yield functions are
twofold. First, Japanese rice farmers face more difficult and complex con-
straints in changing their paddy area than they do in adjusting variable
inputs, such as fertilizers, which affect yields. There are strong communal
and cultural constraints on the area sown to paddy, and changes are often
difficult within the existing infrastructure for water control. Second, if the
revenue expectations in the yield function are also given by equations S and
6, then serious multicollinearity problems arise in the estimation of the
model.

The inclusion of a measure of off-farm income in the area and yield
functions is designed to capture the effect on rice production of a strong
shift toward part-time farming in Japan in recent decades. As the ratio of
off-farm to farm income, ROT,, increases, less effort and labor will be
allocated to rice farming, so that ROT, can be expected to be negatively
related to both area and yield.

The cost of insurance, CF,, enters both the area and yield functions.
This variable is the average per-hectare premium paid by the farmer for
rice insurance, deflated by the agricultural price index, PAP,. Since
farmers have some choice in the selection of insurance coverage, and there-
fore in the premium they pay, CF, is a rough measure of the aggregate
disutility cost of risk to farmers. It is tainted in that it includes not only the
cost of participation in a risk-reduction scheme, but it is also the entry
price to participating in government handouts in the form of crop-
insurance subsidies. This transfer component is also included directly in
the area and yield functions through the variable R2, but clearly there is
not a clean separation of the risk and subsidy effects. This is not a serious
limitation for present purposes, though, since the objective is to measure
the impact of the insurance subsidy on rice production, and a pure mea-
sure of the risk effect is incidental to the analysis.

Previous studies that attempt to incorporate risk-response behavior
in aggregate supply functions have either been based on a normative math-
ematical programming approach (for example, see Hazell and Scandizzo
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1974, or chapter 8), or they have included adaptive expectations about the
variances and covariance of price and yield (Just 1975, Behrman 1968).
The Just approach is compatible with the rice supply model developed here
but was rejected on the grounds that it leads to model specifications that
are very difficult to estimate. The use of the cost of insurance to the farmer
as a proxy for risk behavior is a much simpler approach. Other things be-
ing equal, greater risk aversion will lead to the purchase of larger amounts
of coverage, and therefore greater values of CF,. Also, the more risk-averse
farmers are, the less willing they will be to allocate resources to rice pro-
duction, hence I hypothesize that the area and normal yield of paddy will
be negatively related to CF, (that is, a; and ¢; < 0).

Farmers’ choice of insurance coverage will not only depend on their
degree of risk aversion but also on their expectations about the returns and
risks involved in paddy growing. These relationships are formalized in
equation 4 of the model.? Here CF, is determined by expectations about the
returns from paddy, R1?, and the size of the income transfer inherent in
the insurance scheme, R2*, by expectations about the riskiness of paddy
returns as captured in a moving variance over N years of past returns,
V,-1(N), by the average amount of nonpaddy income earned by paddy
growers, OY,, and by a variable, PIMAX,, designed to capture institu-
tional changes in the insurance program. The coefficient on V,_;(N)
should be positive; more risky returns should lead farmers to opt for higher
levels of insurance coverage. On the other hand, the larger the value of
nonpaddy income, the less farmers need be concerned about the risks in
paddy farming. The coefficient on OY, should therefore be negative.

The variable PIMAX, is designed to capture institutional change in
the insurance program. It indicates the maximum price that the farmer
can choose for evaluating crop damage at the time of signing the insurance
contract. This price has been increased on several occasions since the in-
surance scheme was established in 1947, and so the coefficient on PIMAX,
should be positive in equation 4.

Estimation of the Model

As formulated, the model cannot be directly estimated because it contains
unobservable variables for farmers’ revenue expectations. Following
Nerlove (1958), a multiple equation reduction technique was used to derive
the following reduced forms of the area and risk premium equations:

3. Pratt (1964) has developed a theoretical relation between the insurance premium
an individual is willing to pay, his degree of risk aversion, his level of wealth, and the mean
and variance of returns from a risky investment. Equation 4 can be viewed as an empirical
statement of this relation.
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A, =ao+ yaRl,—; + daR2,—, + (1 — a)A,—,

+ a.PX,/PAP, + asROT, + a,CF, + u,,. 9
CF, = by + eaR1,_; + paR2,_, + byV,—;(N) + bsPIMAX,
+ b,0Y, + (1 — a)CF,—; + uy,. (10)

The stochastic residuals have been added to allow for discrepancies be-
tween the predicted and actual values of A, and CF,.

The yield equation to be estimated is obtained by substituting equa-
tions 7 and 8 into equation 3, and adding a stochastic residual. This leads
to the actual yield equation

YA, = ¢y + ¢,CF, + c;R1,—, + ¢3R2,_; + cROT, + ¢sT + uy,.
(11)

Normal yield, YN,, is then obtained from equation 11 by setting u3, = 0.

Equations 9, 10, and 11 define a recursive system that can be esti-
mated by ordinary least squares (OLS) regression. Once these equations
are estimated, it is clear from comparison of the coefficients in equations 9
through 11 with those in equations 1 through 6 that all the coefficients of
the original model can easily be calculated. The estimated parameters will
be consistent, but they may be biased (Nerlove 1958, Goldberger 1964). To
explore the biases inherent in the model, the equations were also estimated
by a three-stage least squares estimation. However, the resultant parame-
ter estimates were sufficiently close to the OLS estimates that only the lat-
ter are reported in this chapter.

The model was estimated using data for the years 1956 to 1979. The
estimated equations are as follows (the ¢ statistics for the respective zero
null hypotheses are shown in parentheses below the coefficient):

A, = 681.9 + 0.00087 R1,—; + 0.00530 R2,—, + 0.62109 A4, -,

(2.12) (2.14) (1.79) (6.74)
+ 666.1 PX,/PAP, — 829.1 ROT, — 0.07009 CF,
(1.90) (—3.27) (—3.43)
(R =0.92). (12)
CF, = —2787.2 + 0.00417 R1,_, + 0.03839 R2,—,
(—3.54) (1.94) (2.73)
+ 0.59662 CF,—, + 8.49730(107%) V,_,(5)
(4.33) (1.23)
+ 15.37684 PIMAX, + 0.00017 OY,
(2.49) (0.44)
(R? = 0.95). (13)
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YN, = —196705.0 — 0.14400 CF, + 0.00152 R1,_,

(—1.70) (1.10)
+ 0.00986 R2,_, — 2865.0 ROT, + 102.8 T
(0.92) (—1.6) (2.50)
(R? = 0.74). (14)

The equations fit well, with satisfactory values for the adjusted coef-
ficients of variation R2. The signs of the estimated parameters are consis-
tent with expectations, and most of the coefficients are significant at the S
percent confidence level or better.

In the risk premium equation 13, estimations were undertaken for
alternative values of N, the number of years over which the moving vari-
ance is calculated. Values of 3, 5, 7, and 10 were tried, but N = S gave the
best statistical results and was therefore chosen.

A particularly encouraging feature of equations 12 through 14 is the
results for the risk premium variable CF. Not only are the statistical results
in equation 13 satisfactory, but CF also enters the equations on area and
yield as a statistically significant variable with the correct negative sign.

Given the estimated parameters in equations 12 through 14, the esti-
mated parameters of the original structural model can be derived. Many
coefficients are not transformed, but for those that are, the calculations
proceed as follows. From equations 12 and 13, & is obtained as 1.0 minus
the coefficients on A,_, or CF,_,, respectively. This gives

1.0 — 0.62109 = 0.37891

A
(4
or

& = 1.0 — 0.59662 = 0.40338.

Strictly speaking, & is overidentified, but since the two values are
very similar, I use the average value; that is, & = 0.39114. Other parame-
ters are then

4 = 48/& = 0.00087 + 0.39114 = 0.00224,
§ = da/é = 0.00530 + 0.39114 = 0.01355,
¢ = &/é = 0.00417 + 0.39114 = 0.01066,

and

A = pa/d@ = 0.03839 + 0.39114 = 0.09815.
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An Economic Analysis

One of the major objectives of the rice insurance program in Japan was to
increase national self-sufficiency in rice. Although this objective is less im-
portant today, increased rice production is still one of the major payoffs
claimed for the insurance program. It is therefore pertinent to examine
how cost effective the program is in achieving this goal.

The subsidy is captured in the model in the variable R2. This vari-
able measures the difference between the premium a farmer pays and the
average indemnity received over time on one hectare of paddy land. The
derivative

3 _ A —
9R2* ~ 9R2* YA+ SRrae
< 9A 9A acr>__

OR2*  OCF OR2* YA

< dYN OR2%* + dYN 3CF>E
OR2%** JR2* aCF oR2*/"’

dYN i

where A and YA denote the sample mean area and yield, respectively,
measures the long-term change in rice production (in metric tons) induced
by a change of one yen per hectare in the insurance subsidy. The change is
long term in the sense that, on average, farmers’ expectations about per-
hectare returns are assumed to have converged to values appropriate to a
new equilibrium in the market.

When parameterized to the empirical model, the change evaluates
at:

as

R (6 + Gop)YA + (&/6 + & A

= 60.8 tons/yen.

That is, an increase (decrease) of one yen per hectare in the subsidy for all
the insured paddy land in Japan will lead to a long-term increase (de-
crease) of 60.8 tons per year in national rice production. This change in
production is partly due to changes in the average per-hectare returns (an
income effect), but also because the change in the subsidy affects the
amount of insurance coverage that farmers are willing to buy (a risk
effect).

Given this supply response to the subsidy, a long-term benefit/cost
ratio for the insurance program can be calculated. Let P denote the landed
Thai export price of rice, let A denote the average paddy area insured, and
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let R2 denote the average net subsidy per hectare. Then the total value of
the extra rice production induced by the subsidy can be approximated by
s — -

B = IR R2-P.

The total cost of the insurance program to the government is the sum
of the subsidies paid on premiums, the net cost of reinsurance, and the
subsidy on administration. Letting C denote the average value of this total
cost, the benefit/cost ratio is B/C.

If P is converted to yen at the official exchange rate, the benefit/cost
ratio evaluates at 0.39 for the period 1956-79. This implies that each yen of
the government’s financial contribution to the insurance program only
produced 0.39-yen worth of rice each year at world prices. Put another
way, each yen of the insurance subsidy could have been used instead to
import 2.5 times more rice than it induced in domestic production through
the insurance program.

If instead of using the world price of rice, the government’s domestic
procurement price is used, then the benefit/cost ratio increases to 1.04.
Even at this highly distorted price, the government is only just recouping
the value of its expenditure on the insurance program.

The model also provides an estimate of the short-term changes that
would be induced by a change in the insurance subsidy:

as, =< 04, + 0A,  oCF, )ﬁ

3R2,_, \@R2,_, ' 4CF, oR2,_,
N ( dYN, | dYN, 9CF, )A_
3R2,_, ' aCF, 9R2,,

= (8& + aph&) YA + (& + é,i&)A.

This evaluates at 23.8 tons/yen.

Again, using the Thai export price for rice, the short-term benefit/
cost ratio is only 0.1509 for the period 1957-79. Thus each seven yen of
subsidy produced one yen of rice at world market prices. Even when rice is
valued at the government price, the short-term benefit/cost ratio is still
only 0.4.

Conclusions

As a policy to increase national rice production, the subsidy of Japan’s rice
insurance program does not seem to be efficient. At world market prices,
the long-term benefit/cost ratio of the government’s contribution to the
insurance program is only 0.39. The benefit/cost ratio is even lower in the
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short run (0.15), and it is still not attractive even if the extra rice is valued
at the domestic procurement price.

The objective of increasing domestic rice production was crucial in
the immediate postwar period. During the last decade, though, Japan has
moved to a situation of rice surpluses (Tsujii 1982), and the production
objective is becoming increasingly irrelevant. Government subsidies to the
insurance program may well add about 71,000 tons of rice to total supply
each year. This additional production aggravates the cost to government of
surplus disposal and production reduction programs.

Government insurance subsidies affect rice production mostly
through their income transfer effect. In this respect, they reinforce the
large income transfers already embodied in the price support policy for rice
(Ootsuka and Hayami 1982). Since average farm household incomes are
now higher than the incomes of suburban families in Japan, the value of
continued subsidy transfers is questionable.

Given the economic inefficiencies of the existing rice insurance pro-
gram, what changes could usefully be made? First, the program should be
made voluntary rather than compulsory. This would greatly reduce the ad-
ministrative cost subsidy required and would allow the insurance market
to operate more efficiently. Second, the income transfer inherent in the
insurance subsidies should be reduced. Transfer of income to farmers in
the event of major disasters can probably be done more efficiently through
relief schemes not connected with the insurance program.
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Agricultural Instability Alan G. Lioyd
and Alternative Roger G. Mauldon
Government Policies:

The Australian

Experience

In 1978 the Australian Industries Assistance Commission (IAC) pub-
lished a report to the Australian government on rural income fluctuations.
In setting the terms of reference for the inquiry, the government had
sought advice on: ‘1. whether, to give effect to the objectives in Section
22(1) of the Industries Assistance Commission Act 1973, assistance should
be given to reduce fluctuations in the incomes of rural producers; and 2. if
so, the nature and extent of such assistance’’ (Industries Assistance Com-
mission 1978, p. 64).

These objectives toward which IAC advice was to be directed in-
cluded (1) improving the efficiency of resource use; (2) facilitating adjust-
ment to changes in the economic environment; (3) ensuring that industry
assistance measures be integrated with overall national economic policy;
and (4) providing adequate scope for public scrutiny and evaluation of
commission reports.

The first sections of this chapter give some background information
on the IAC role and on the instability of Australian agriculture. The sec-
ond section provides a summary of relevant sections of the IAC Report on
Rural Income Fluctuations.' The third provides an outline and discussion
of subsequent government policy actions on the issues raised in the report.

Background

The 1AC advises the Australian government on matters affecting assis-
tance to industries throughout the Australian economy. It was created in
1974 to replace the Tariff Board, which had operated for over fifty years in
the field of tariff protection. The IAC subsumed the functions of the board
in offering advice on tariff assistance for import-replacing industries, most

1. The authors of this chapter were the commissioners of the IAC who presided over
the inquiry.
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of which are in the Australian manufacturing sector. However, it also was
given the wider responsibility of examining all forms of assistance, includ-
ing assistance to the export-oriented industries, which are predominantly
mining and agricultural.

In introducing the legislation that established the IAC, Prime Minis-
ter Whitlam stated that the government had inherited a complex, confus-
ing, and inconsistent collection of assistance measures, which discrimi-
nated among individual industries—particularly between the agricultural
and manufacturing sectors of the economy. The IAC was to develop a ra-
tional and consistent approach toward all industries, with particular re-
gard to efficient utilization of community resources.

A major initial task for the IAC was to develop criteria for industry
assistance, which would be generally applicable. Protection policy for
manufacturing and assistance policy for agriculture had developed in Aus-
tralia largely in isolation from each other. Each had to take the other more
or less as given. Even within the field of agriculture, assistance policies had
been developed largely on a commodity-by-commodity basis.

Australian industry assistance policies have generally been protec-
tionist. They have resulted in resources being retained within, or attracted
into, heavily protected activities in which Australia has a low comparative
advantage. Within both farming and manufacturing sectors, assistance to
particular industries ranges from zero to very high (sometimes in excess of
100 percent in terms of effective rates of protection). As in many countries,
high levels of assistance have usually originated as a temporary cushion to
absorb shocks. In fact, the activity given temporary assistance often gradu-
ally loses its comparative advantage, and as the shocks persist and worsen,
the “‘needed” level of assistance has grown. The IAC has consistently rec-
ommended policies that facilitate adjustment to changes in demand, in
technology, and in international competition (rather than policies that de-
fend the status quo) to increase the flow of resources toward more efficient
uses. It has also consistently sought to make levels of assistance to indus-
tries more uniform, preferably by reducing high levels rather than raising
low ones.

One of the central issues of Australian agricultural policy has been
the instability of farmers’ incomes. Income instability has been particu-
larly apparent among industries that make efficient use of Australia’s re-
source structure. This is not surprising, since these are the industries that
export a large part of their production. Over two-thirds of Australia’s farm
output is sold on volatile world markets. Furthermore, most of this output
is subject to great climatic uncertainty. Yield instability probably is greater
in Australian agriculture than in any other commercial agricultural sector
in the world. The problem of unstable rural incomes seems to be worsen-
ing, mainly because of the rising proportion of farm output sold on export
markets and the increasing volatility of those markets.
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Agricultural stabilization policy has been composed of a patchwork
of measures, which were not always consistent with some of their stated
objectives. These objectives have included the reduction of risks in relation
to price and yield, the smoothing of incomes over time, the mitigation of
low incomes faced by some farmers during industry slumps, the stabiliza-
tion of prices to consumers, and the provision of some degree of assistance
to particular industries. This has been done mainly through domestic price
supports at the expense of consumers, sometimes augmented by govern-
ment subventions at the expense of taxpayers. Some of the measures used
have clearly served diverse and overlapping functions and have contributed
toward misallocation of resources.

Stabilization has been the avowed objective for much of the govern-
ment intervention in Australian agriculture since federation. As a slogan,
stabilization has had considerable political appeal, especially when used in
defense of *‘the family farm,” and in tandem with *‘orderly marketing.”
Not surprisingly, it has often served as an effective camouflage for ‘“‘up-
ward stabilization.” However, this perhaps cynical observation should not
be allowed to obscure the genuine significance of stabilization as a major
objective of Australian agriculture.

The IAC Report

The IAC report contains only a few specific recommendations. Its main
conclusions are in the form of broad principles, which provide the frame-
work for a consistent and general stabilization policy. Summaries of sec-
tions of the report follow.

Risk and Efficiency

Most farmers are averse to risk and adopt risk-reducing strategies—flexi-
bility, liquidity, diversification, caution in adopting new techniques, levels
of inputs that yield less than maximum expected net returns, and so on.
This results in output levels and product combinations inconsistent with
those for which expected net returns are maximized. By this criterion,
there is underinvestment in high-risk activities. For the individual, this
could be a rational and efficient choice between income and stability. How-
ever, from society’s viewpoint the outcome is inefficient, and it has been
argued that government should intervene by subsidy or other means to cor-
rect this distortion. Government could encourage change in the use of re-
sources through incentives to engage in riskier enterprises or through a
general protection of the producer against risk. An early and influential
exposition of this view as applied to agriculture was advanced by Johnson
(1947).
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Such arguments imply at least one of the following assumptions. (1)
Even though individuals may be risk-averse, society is or should be risk-
neutral. (2) Competitive markets do not offer producers adequate opportu-
nities for risk shifting or risk sharing, through, for example, insurance,
futures trading, common stocks, and cost-plus contracts.

These questions have been discussed by Demsetz (1969), Pauly
(1968), Arrow (1962, 1963, 1974), Arrow and Lind (1970, 1972), and Pa-
sour and Bullock (1975).

Clearly, individual farmers cannot be regarded as inefficient if they
organize their farms to take account of uncertainty. In effect, risk reduc-
tion is an economic benefit that should be incorporated into any assess-
ment of efficiency. An analogy might be drawn between stability and lei-
sure. Both are preferences arising from people’s attitudes. Both are
pursued by producers at the expense of income, which means that the pro-
ducer has weighed the extra cost, work, and risk involved in extra output
against the valuation consumers would place on that output. A system of
taxes and subsidies imposed to move producers away from their preferred
positions in relation to leisure and stability would raise national output but
would not necessarily mean that the community was better off.

National welfare might be increased if society as a whole, through
government, were less concerned with risks associated with individual in-
vestments than were individual producers. Some risk could be shifted to
government in various ways, and depending on the costs involved, this
might improve social well-being. The view that society should be less averse
to risk than individuals has taken several somewhat related forms. The
first is the notion that society, through government, can take a longer-term
view than individuals, so that it should be concerned only with maximizing
the expected return to the community’s scarce productive resources. Sec-
ond, there is the view that government is better able to pool risks because
of its large and diversified portfolio of activities. Finally there is the notion
that the total cost of risk bearing is negligible when spread over all taxpay-
ers. An alternative view is that government reflects the attitudes and aspi-
rations of the individuals to whom it is ultimately responsible. Thus it re-
flects an amalgamation of all individual attitudes to risk. These complex
issues have not been fully resolved in the economic and social literature.

The IAC was also unable to resolve these questions. However, it con-
sidered that, even if it could be established that governments should en-
courage risky investments, the conceptual and practical problems involved
in applying such a policy would make it infeasible. Some element of uncer-
tainty attaches to every area of economic life, which suggests that it would
be desirable to relate the amount of subsidy (or whatever form intervention
might take) to the amount of uncertainty. Thus it would be desirable to
obtain some ordering of degrees of risk across all possible ventures and
across all sectors. Besides the large conceptual problems involved, such a
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rating would be extremely difficult to obtain in practical terms. Further, it
is not only the degree of risk that is relevant but also the effects of that risk
on resource allocation in particular cases. This would also be very difficult
to measure, as producers would have already taken some actions to reduce
both the levels and effects of the risk they face.

The IAC concluded that there is no sound basis for endorsing a gen-
eral policy of assistance to high-risk activities. This general conclusion
does not mean that a case-by-case examination would not identify specific
high-risk activities where government involvement might improve resource
use and thus general community well-being. This might be expected if gov-
ernment could remove any barriers or impediments that inhibit producers
from coping more effectively with variable and uncertain returns. In this
regard, the IAC was particularly interested in the performance of commer-
cial markets for risk-reduction services, financial services, and informa-
tion.

Insurance and Efficiency

Comparisons of production efficiency in situations of risk versus no risk (or
risk aversion versus risk neutrality) generally assume that marginal costs
are the same in each case. This assumption ignores certain costs incurred
in producing relatively stable returns in an uncertain environment.

A risk-averse farmer who fully insures against risk incurs the costs of
insurance premiums. His costs will be raised (on average and in the long
run) by premiums less claims paid; that is, by the administration costs of
insurance including profit. Thus, even if all of the risk facing a producer
were insurable, and he fully insures, his output would be suboptimal in the
sense that it would be lower than it would have been had he faced no risk.
Only if the administration cost of insurance were zero would output be
optimal. However, such costs are real social costs, whether they are met by
the insured or by government subsidy.

Where insurance is available, it enables some risk-averse producers
to achieve preferred risk-income combinations and a higher value of out-
put from physical resources employed. However, risk-averse producers
may decide not to adopt insurance but to operate at a lower level of output.
They may also combine a mix of activities, which they expect to be less
profitable than that chosen by risk-neutral producers. It is not clear that
inefficient resource use results from such decisions (unless, as discussed
above, it can be shown that society should ignore risk and uncertainty in
evaluating efficiency).

It has been argued by Arrow (1962) that the economic system has
only limited and imperfect devices for sharing and shifting risks. Arrow
considered that it would be worthwhile to increase the variety of such de-
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vices but that potential for doing so is limited by the problem of moral
hazard. Thus such devices for improving efficiency with respect to risk
bearing may worsen technical efficiency.

In a critique of Arrow’s analysis, Demsetz (1969) pointed out that the
economic system does in fact produce a considerable number of what Ar-
row terms commodity options, and that Arrow seemed to be assuming that
the cost of providing them was zero. He also attacked Arrow’s contention
that the government should undertake insurance in those cases where the
market, for whatever reason, has failed to emerge (Arrow 1963).

In particular, Demsetz disagreed with Arrow’s treatment of moral
hazard. “The moral hazard problem is no different than the problem
posed by any cost. Some iron ore is left unearthed because it is too costly to
bring to the surface. But we do not claim ore mining is inefficient merely
because mining is not ‘complete.” Some risks are left uninsured because
the cost of moral hazard is too great. . . . While it may cost nothing to
insure risky enterprises in the world of the ideal norm, it does in this world,
if for no other reason than the proclivity of some to commit moral hazards”
(Demsetz 1969, p. 167).

The notion that markets to handle risks develop as the need arises is
dependent on the view that individuals are always well informed, always
know their own best interests, and always act accordingly. If such were the
case, individuals would certainly be able to calculate the costs and benefits
of extra information. Market mechanisms could then be expected to
emerge, if enough individuals considered that the benefits of sharing or
shifting risks exceeded the costs. From Demsetz's viewpoint, this is a suffi-
ciently adequate representation of the real world.

In this vein, Stigler (1967) writes, ‘“‘There is no ‘imperfection’ in a
market possessing incomplete knowledge if it would not be remunerative
to acquire (produce) complete knowledge: information costs are the costs
of transportation from ignorance to omniscience, and seldom can a trader
afford to take the entire trip” (p. 291).

In contrast, Arrow bases his argument on the view that it is impos-
sible for individuals to become adequately informed before the establish-
ment of markets. Some other writers take similar views. Pearce (1975),
writing in relation to resource conservation, states, ‘A theory which says
that the market would work if operators in the market knew the facts is not
sufficient grounds for arguing that it is all right to leave everything to the
market when the facts, in the nature of the case, cannot be known” (p.
202).

Mishan (1975) also writes, By extending the concept of transaction
cost to encompass any inertia or lack of initiative in society, one comes
uncomfortably close to the thesis that, in economics, whatever is, is best”
(p. 699).
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The approach of Demsetz and others has been associated with some
recent developments in the theory of information, property rights, bar-
gaining, and transactions costs. Their argument has exposed some of the
weaknesses in the conventional view of risk and efficiency, which has
largely ignored the costs of information and of transactions. However,
there may sometimes be occasions when a government should intervene to
provide information or to regulate market prices. This is a pragmatic prob-
lem, which should be evaluated case by case. Alternative viewpoints on this
issue probably will continue to compete, if only because they touch upon
broad social goals and values.

Crop Insurance

The predominant form of agricultural insurance offered in Australia is
against risk of hail and fire. It has involved cumulative loss ratios of
around 0.7 (that is, around 70 cents of each premium dollar was paid to
farmers for losses), which is in excess of levels regarded by the industry as
desirable for commercial insurance. Generally, this insurance is written by
large insurance bodies that avoid offering crop insurance in isolation from
other insurance; usually, insured farmers must give all their other insur-
ance business to the same company.

Several attempts have been made to introduce commercial multiple-
risk schemes to Australia but with little success, judged on participation
rates, scheme costs, and period of survival. Experience suggests that im-
portant reasons for the frequently high cost and therefore limited availabil-
ity of private insurance are the high risk that damage would be of cata-
strophic proportions, the scarcity of information to determine the relevant
risks, and the problems in defining hazards and damage.

Government action can also restrict the provision of insurance. Sig-
nificant constraints imposed on the conduct of the Australian insurance
industry might affect the ability and incentives of insurers to increase cov-
erage in high-risk areas. For example, entry to the industry is restricted,
insurers are required to hold a proportion of their assets in government
securities, and there are restrictions on the types and nature of business
activities that insurers can undertake. While these restrictions have been
introduced to meet specific objectives (such as the protection of con-
sumers), their potential to affect incentives to undertake riskier business
may be considerable.

Australian governments have also provided significant assistance to
rural producers and communities affected by natural disasters, such as
droughts, fires, and floods. The assistance has largely been in the form of
grants, concessional loans, and freight and taxation concessions. This as-
sistance may be highly desirable for social or welfare reasons, but the ef-
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fects on individual incentives are not clear. To the extent that it reduces
individual incentives to insure, it may be a further reason that agricultural
insurance is not more generally available and used.

Crop insurance offered by grower-controlled state marketing boards
has sometimes been compulsory. Compulsion usually results in the cross
subsidization of high-risk farmers by low-risk farmers, causing inequity
and inefficiency. The main arguments usually advanced for compulsion
are that it provides economies of scale, and therefore cheaper insurance,
and that it spreads risk. Compulsory insurance ensures the participation of
those farmers who otherwise would not participate because they are not
risk-averse, or they are in a low-risk situation relative to the premium they
would have to pay. This conflict might be met by setting more realistic rate
structures, though this might be expensive.

Some farmers face little risk, and a proportion of those who face con-
siderable risk are not greatly concerned by it. Of those farmers who are
averse to risk, many have other forms of risk reduction available, which
they may prefer if left to do their own risk management. Therefore, the use
of compulsion, involving the abandonment of the market-place test of vol-
untary consent, may result in inefficiencies as well as interference with the
freedom of choice. This is so regardless of whether the full cost of the insur-
ance is met by the participants or by a public subsidy.

Subsidized insurance as a method of government intervention to off-
set risk has some important advantages. It is direct in effect, in that it
would operate on the income of individual farmers, and the amount of
assistance would be related to the degree of risk. Furthermore, it could be
and usually is voluntary (in contrast with, say, buffer funds) and does not
interfere with the operation of market forces in the product market (in
contrast with guaranteed prices). On the other hand, there is the disadvan-
tage that offering insurance below its real cost will distort the choices
farmers make between insurance and the many other unsubsidized meth-
ods of minimizing or coping with risk and income instability. Further-
more, for many farmers, conventional, multiple-risk insurance may not be
as cost effective as some alternatives that the IAC believed should be inves-
tigated. For these reasons, the IAC did not recommend subsidized farm
insurance as a preferred method of implementing any government decision
to subsidize the offsetting of risk and the stabilizing of rural incomes.

The IAC felt that there was a need for investigation of new forms of
agricultural insurance, which may offer a higher ratio of benefits to costs
than conventional forms of insurance. Such alternatives may be rainfall
insurance or, possibly, farm income insurance based on regional-income
movements. In Australia, no single factor is more highly correlated to crop
or pasture yields than rainfall. Rainfall insurance could reduce the risk of
financial loss caused by the effects of excessive or inadequate rainfall.
Some types of rainfall insurance are commercially available (for example,

163



Alan G. Lloyd and Roger D. Mauldon

for sporting events), but no rainfall insurance schemes seem to have been
developed specifically for agriculture. Official statistics would provide
some actuarial basis for the determination of premiums.

Such insurance would provide only partial coverage for the produc-
tion process: rainfall, though important, is only one of a number of factors
affecting production levels. Also, coverage would be effective only to the
extent that rainfall on an individual’s farm corresponds with rainfall at a
designated recording station. Additional recording stations might be nec-
essary in some areas. However, individual farmers could avoid the risk of
being completely dependent on what happens at one recording station by
spreading their hedge over several nearby stations.

Insurance coverage could be offered for a specific calendar period
(six months or twelve months) or for specific cropping operations within a
particular region (preparation and sowing, or growing and harvesting).
Critical periods for livestock production could also be covered. In effect,
the producer could hedge against excessive or inadequate rainfall in a
specified period by placing a “‘bet”” on the adverse situation against which
he is seeking to hedge. The bet would have to be placed sufficiently in ad-
vance to prevent advantage being gained from weather forecasts.

There would appear to be no need for the provision of information by
the farmer nor the checking of such information by costly farm visits. This
factor, together with the avoidance of problems of moral hazard and ad-
verse selection, suggests that administration costs might be very low. How-
ever, it would be necessary to devise an accurate and fraud-proof method
of recording rainfall.

The type of rainfall insurance proposed by the IAC differs from con-
ventional insurance in that it would be against a particular natural event
and not against an assessed loss by the insured resulting from that event.
However, rather than being a speculative gamble, it would be a hedge
against an undesired occurrence (drought or flood) and would have the
effect of reducing the inevitable element of gambling in farming.

Both price-stabilization schemes and multiple-risk crop insurance
have major disadvantages as methods of stabilizing the incomes of individ-
ual producers. An alternative approach is a voluntary, regionally based
income-stabilization plan. The farm income stabilization plan proposed
by Lloyd (1977) and discussed by the IAC (1978) is similar in some ways to
the plan put forward by Dandekar (1977) and discussed in chapter 16. Asa
simple illustration of the plan, assume that the regional income per hectare
(or per animal) from a product was x percent higher or lower than normal
in a particular year. All insured farmers in the region would then receive
payouts of x percent (or some proportion thereof) of the region’s normal
per hectare income from that product on each hectare they had insured.
The contribution that such a plan could make toward stabilizing the in-
comes of individual farmers within a region would depend on the extent to
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which the variation of individual incomes was attributable to regionwide
fluctuations.

A major advantage of the regional approach is that it substantially
reduces or avoids problems of moral hazard and adverse selection. If pre-
miums and payouts are determined by movement in regional yields and
prices, they are not dependent on events within the control of the individ-
ual farmer or on risk characteristics of the individual farm.

Apart from providing probably cheaper insurance, a regionally
based farm income stabilization plan has the advantages that it would be
comprehensive, covering price fluctuations as well as yield fluctuations
and livestock products as well as crops; it would be multiproduct, aimed at
stabilizing aggregate income from all enterprises on the individual farm;
and it would not interfere with the role of prices in guiding resource use.
The IAC recommended that Lloyd’s plan be further investigated.

Price Stabilization

The Australian history of price stabilization dates from the 1920s. Since
.then, various schemes have been applied to wheat, wool, dairy products,
sugar, various fruits, rice, eggs, and tobacco.

Price-stabilization schemes in Australia have generally included one
or more of the following mechanisms: price discrimination, buffer stocks,
buffer funds and pooling arrangements, and guaranteed prices supported
by buffer funds or deficiency payments contributions by government. Defi-
ciency payments have also been made as temporary emergency measures.

The issue of price stabilization is especially important in relation to
income stabilization. Several witnesses who gave evidence to the IAC, in-
cluding representatives of farmer organizations and state departments of
agriculture, saw price stabilization as a means of reducing the level of risk
borne by producers and improving farmers’ production planning deci-
sions. Better planning was seen to result from the stabilized price, which is
a more reliable guide to market prospects than the price expectations of
individual producers.

For many rural commodities, especially crops, output fluctuations
account for a larger degree of gross income variability than fluctuations in
price. Furthermore, for many commodities, changes in prices and produc-
tion have been predominantly in opposite directions, tending to offset each
other to some degree. Where this tendency is marked, price stabilization
(as through a buffer fund) could destabilize industry revenue from that
commodity.

For a particular product, much of the variation in yields at the re-
gional level or at the individual farm level is offsetting and is concealed in
the aggregate or average figure for the industry. That is, a good season on
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one group of farms can be balanced by poor seasons elsewhere. Further-
more, most farms produce more than one product, which provides scope
for offsetting income variations among products.

As a result of these factors, price stabilization can sometimes desta-
bilize the income of individual producers. For example, under a buffer-
funds scheme (a stabilization fund), an export tax is imposed when prices
are high; in some cases this will be a deduction from an income that is
already low, because a producer has had either a low yield of the product
concerned or low earnings from other enterprises. Similarly, payments out
of the fund will be destabilizing for some individuals.

When the decisions of farmers (and other producers) are analyzed
after they have produced and sold their output, it usually appears that re-
sources have been misdirected. That is, some resources committed to par-
ticular activities on the basis of farmers’ expectations of prices, yields, and
so on, could, as things turned out, have been used more profitably (in
terms of realized prices and yields) in other activities. Where these costs of
being wrong are large, hindsight has suggested to some people that some
form of price stabilization was needed. However, the significance of these
costs largely depends on the extent to which information could have been
obtained about production and marketing outcomes at the time the rele-
vant decisions were made.

Government involvement to improve farmers’ decisions could be jus-
tified if it has better market information than farmers or could obtain it
more cheaply. For example, government may be privy to information
about decisions likely to be made by foreign governments, and they would
be more informed about their own actions. Also there may be greater econ-
omies of scale in collection (production), analysis, and dissemination of
information than the economies of scale available to private operators.
However, as governments have often acknowledged, their provision of
market information is hazardous. Political pressure could be applied on
governments to provide and support optimistic forecasts. Also, govern-
ments, like farmers, can be wrong, and errors in official forecasts may lead
to claims for redress.

If superior information is available to public authorities, there may
be more effective means of disseminating it than through price stabiliza-
tion. If superior information is not available, the stabilized price would be
unlikely to be any more correct than the price expectations of producers
and thus might distort market-price signals. Where public forecasting is
not better than that of farmers, and the government financially supports
the stabilized price (like a guaranteed minimum price), the costs of errors
in planning are not reduced but simply subsidized by taxpayers.

In Australia, price discrimination (that is, charging different prices
for the same commodity in separate markets) has been practiced for many
commodities. To achieve this, the marketing authority must control at

166



Agricultural Instability and Alternative Government Policies

least one market. Price discrimination between export markets and do-
mestic markets, with administered home-consumption prices, has been
quite common (for example, for wheat, dairy products, sugar, and various
fruits). Also, prices have discriminated between end uses for some com-
modities (for example, animal feed wheat and human-consumption wheat,
fresh milk and milk for manufactured products). A major purpose of price
discrimination between markets has been to increase total sales revenue,
and a considerable part of the total assistance received by Australian agri-
culture has been from this source. Price discrimination also has had a sta-
bilizing effect by reducing price variability in the controlled market, which
tends to stabilize the average return. However, for those commodities for
which the controlled market is relatively small (wheat, for example), the
stabilizing effect on average returns has been relatively minor, as is the
effect on levels of assistance.

The administered domestic price could be set in relation to the ex-
port price so as to provide countercyclical assistance for the industry. To
some extent, this occurs—when export prices rise to high levels, the do-
mestic price is sometimes held at levels lower than export parity. In this
situation, producers are subsidizing consumers, as happened in the case of
wheat and sugar in the early to mid-1970s. When export prices fall to low
levels, this is often taken into account in setting a domestic price that
results in a higher subsidy from consumers to producers.

Since the one product is receiving at least two prices, a problem of
price discrimination is the allocation of market shares among producers.
The common solution in Australia has been to equalize returns; that is,
pay producers a pooled return from the various markets. However, this
approach may lead to producers receiving the wrong price signals. This is
because the real return to additional production is the price for which that
production is sold, not the average price. Thus equalizing prices may en-
courage overproduction when export prices are low and underproduction
when export prices are high, with consequent resource misallocation costs.
Also, if, as has often been the case with Australian home-price schemes,
domestic prices are above export prices, there may be consumption losses
resulting from the higher retail prices. Conversely, there are production
and consumption distortions when the home price is set below export lev-
els.

Production distortions may be avoided where each producer is allo-
cated a quota, or market entitlement, covering that part of his total output
that supplies the generally higher-price markets. The generally lower price
is then paid for any excess production, and therefore, at the margin, the
price received by producers reflects its market value.

A buffer stock can be used to reduce price variability through a mar-
keting authority, which buys and holds stocks of a commodity when prices
fall and sells these stocks when prices rise. The reserve price scheme for
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wool uses a buffer stock partly to maintain a minimum (floor) price and to
stabilize prices. It has sometimes been suggested that the reserve price
scheme also aims at raising prices received for wool. Buffer stocks have
also operated in international stabilization arrangements.

In operating the buffer stock, the authority may make speculative
profits or losses, depending on the prices and quantities of purchases and
sales and the costs of stockholding and administration. In addition, pro-
ducers may make hidden gains or losses compared with returns they would
have received in the absence of the scheme: prices to producers tend to be
raised by the authority’s purchases and lowered by the authority’s sales.
These gains or losses are generally independent of the speculative gains or
losses made by the authority. They depend on the responsiveness of de-
mand to price changes when the commodity is bought and sold and on the
quantities traded by the authority. To the extent that there are either spec-
ulative or hidden gains from buffer stocks, the benefits of price stability
are reinforced. Similarly, any losses can be thought of as the costs of in-
creased price stability. The potential gains from a buffer-stock scheme
would be limited for commodities where storage and handling costs are
high, due to factors such as interest costs, perishability, and product het-
erogeneity (difficulties in grading and standardization).

Several price-stabilization schemes in Australia and overseas have
involved governments setting in advance guaranteed minimum prices for
commodities. As a stabilization tool, forward prices are designed to pro-
vide price information and reduce uncertainty, although they can also be
used as a means of price support. To reduce uncertainty and affect produc-
tion decisions, forward prices must be announced well in advance of the
production period. (This has rarely been done in Australia.) If market
prices fall below the forward price, the difference must be made up by a
government subsidy, or from a buffer fund, or through some similar ar-
rangements to include producer contributions.

Among its general conclusions, the IAC advised the government that
income-stabilization objectives should preferably be achieved by measures
that do not interfere with the function of prices in conveying market infor-
mation and incentives. Industrywide stabilization measures, such as price
stabilization, are unlikely to contribute greatly to the stabilizing of individ-
ual incomes. Price stabilization also can lead to inefficient use of resources
by discouraging profitable adjustments.

Credit
The financial system as a repository for savings and a source of credit has a
significant role in enabling farmers (and others) to cope with variable re-

turns. In fact, reliance on savings and borrowing is a substitute stabilizing
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measure for many of the risk-reducing strategies mentioned earlier (see
also chapter 4).

There are some government-imposed constraints on the conduct of
the Australian banking industry that could limit the flow of funds to risky
activities. Government-prescribed maximum rates of interest for the main
types of borrowing and lending by banks are examples of constraints that
could lead to a credit gap. Without such constraints, credit would proba-
bly be sought and made available over a wide range of repayment condi-
tions and interest rates. With interest rates fixed, lenders might use non-
price methods, such as specified equity requirements and refusal of risky
proposals, to allocate funds. This tendency may have been compounded
for the agricultural sector in the period 1956-73 by a further government
requirement that banks charge a concessional interest rate on farmers’
overdrafts. Restrictions on entry to the banking industry and requirements
that some banks’ assets be held in low-return deposits may also have re-
duced the amount of funds available for risky activities.

Some witnesses before the IAC suggested that the problem of servic-
ing large long-term loans from a fluctuating income stream may be re-
duced by a variable amortization scheme (VAS) such as that proposed by
Baker (1974). Under a VAS, borrowers would be wholly or partially re-
lieved of debt repayments in low-income years in return for making larger
payments in high-income years.

In evidence before the IAC, bankers said that VAS was unnecessary
since variable amortization already existed on an informal basis. It is true
that trading banks commonly relax the repayment obligations of farmers
in financial difficulties. However, this informal assistance is somewhat un-
certain. It may depend on the decision of the local bank manager as well as
on the bank’s lending policy and the government monetary policy at the
time. A VAS may eliminate this uncertainty for risk-averse borrowers
whose loan repayment commitment is high relative to their expected cash
surplus. Lender risk may also be reduced under some types of VAS, such
as those involving a debt reserve.

In recent research by Kent and Lloyd (1983), two forms of VAS were
investigated, the debt reserve and the equity credit reserve, each in op-
tional combination with option loans. Under the debt reserve VAS origi-
nally proposed by Baker, borrowers undertake to deposit money in pros-
perous times to be used solely for the purpose of making debt payments in
years of depressed income. Under the debt reserve VAS modelled in the
Kent/Lloyd study, three-quarters of the disposable cash surplus in any one
year is deposited in the reserve, which accumulates up to a maximum of
three times the annual repayment commitment on the loan.

Under the equity credit reserve scheme, risk-averse farmers borrow
less than the maximum the lender would advance. They thus retain a re-
serve of borrowing power based on their overall equity, which adds to their

169



Alan G. Lloyd and Roger D. Mauldon

farms’ liquidity. At the other extreme is the maximum loan, under which
the marginal dollar borrowed brings the borrower’s equity ratio down to
some critical minimum level as regards lender risk. For such maximum
loans, the loan commences with a zero equity credit reserve. However, with
progressive annual repayments, the increase in the borrower’s equity cre-
ates a growing equity credit reserve, which under inflation may be further
increased by the rising value of the assets forming the loan collateral.

This contingency credit exists regardless of any VAS arrangements:
if the prime lender refuses to advance credit in an emergency, the borrower
may have sufficient equity for outside borrowing on a second mortgage.
However, this could involve significantly higher costs, reflecting the cost of
additional information and the legal and administration costs of arranging
the new loan. Thus, from the borrower’s viewpoint, a formalized equity
credit reserve VAS, depending on its cost, may be preferred to temporary
outside borrowing. It would be an assured form of contingency credit for
meeting loan repayments and it could provide more contingency credit
than outside borrowing. Repayment of arrears and interest thereon would
be a first claim on the borrower’s first subsequent surplus.

Most defaults occur early in the loan period, when insufficient time
has elapsed to build up reserves. The Kent/Lloyd study suggests that for a
maximum loan, half or more of defaults can be expected to occur in the
first three years of a twenty-year loan term. In the early years, neither the
equity credit reserve VAS nor the debt reserve VAS can by themselves be
effective safeguards against default. Only if the loan is for an amount sig-
nificantly less than the maximum would there be adequate borrowing
power in reserve. To meet this problem, option loans were postulated un-
der which a borrower can purchase an option over additional funds to be
used solely for one annual loan repayment. Such funds would be advanced
only if the borrower’s farm income fell below some specified level during
any of the first three years of the loan and if there were insufficient equity
credit reserve or debt reserve available to prevent default. An annual fee
would be charged until the option was taken up. At that point, the interest
rate charged on advanced funds would apply. This rate would be related to
some specified benchmark (for example, the long-term bond rate) plus
some risk rate agreed upon in the initial loan contract. For year one of a
maximum loan, this risk rate could be quite considerable, since the bank
would be undertaking a contingent obligation to advance additional credit
without additional collateral.

In a quantitative analysis of these proposals, Kent and Lloyd calcu-
lated income flows disaggregated to the individual farmer for the high-risk
Mallee region in Victoria. They did this by stochastically combining the
yields and price of cereals and wool over recent decades. The variance of
expected income facing the individual wheat or sheep farmer (and his cred-
itors) was found to be extremely high, with a coefficient of variation of
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taxable income of 143 percent. Repayment of a twenty-year loan was then
simulated under the above-mentioned income flows over a range of earn-
ing rates, equity ratios, interest and inflation rates, marginal propensities
to save, and so on. The simulation incorporated outside borrowing of up to
80 percent of unused borrowing capacity where necessary, together with
some deferment of machinery replacement. Default was considered to
have occurred when the annual loan repayment could not be made after
resort to accumulated savings, including interest, maximum permitted de-
ferral of machinery replacement, contingency credit from VAS, and maxi-
mum outside borrowing. The simulated incidence of default under VAS,
compared with default under the conventional loan repayment program,
using the conventional amortization formula (equal annual nominal re-
payments), is shown in table 10.1.

For the maximum (that is, high-risk) loan, VAS arrangements can
reduce the probability of default by approximately one-third to one-half.
Whether or not this is enough to induce a demand for VAS arrangements
sufficient to justify their provision depends on the cost to the borrower of
such arrangements. It seems likely that this can be determined only by
implementing a VAS scheme on a limited, trial basis, as suggested by the
IAC.

A significant conclusion to be drawn from the data in table 10.1 is
that the probability of loan default is greatly increased by inflation. This
occurs because of the continued and apparently irrational use of the con-
ventional amortization formula for repayment of term loans. The formula
belongs to preinflationary days, since it yields equal annual payments in

TABLE 10.1  Defaults on agricultural loans by loan arrangement, loan size, and
inflation rate, Australia

Defaults per 1,000 loans®

0% inflation 5% inflation : 10% inflation
$100,000 $140,000 $100,000 $140.000 $100,000 $140,000

Loan arrangement loan loan loan loan loan loan
Conventional 12 111 3 216 S3 462
Equity-credit

reserve VAS 8 105 12 194 28 385
Equity-credit

reserve plus

3-year option 4 70 8 114 23 265
Debt-reserve VAS 12 107 21 203 S0 428
Debt reserve plus

3-year option 74 153 373

*Assumptions: real interest rate, 2.5 percent; nominal rates, 2.5, 7.5, and 12.5 percent; loan
period, 20 years; earning rate on capital, 4.9 percent; propensity to save, 0.75; outside-bor-
rowing fraction, 0.8; 1,000 replications.
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TABLE 10.2  Effect of inflation on real burden of agricultural loan repayment, Australia

. . 10% inflation
0% inflation

Item years 1-20 Year1 Year2 Year3 Year10 Year20
Interest rate

(percent)® 2.5 12.5 12.5 12.5 12.5 12.5
Annual income

(dollars) 23,215 23,215 25,537 28,090 54,740 141,981
Annual repayment

commitment

(dollars) 6,420 13,810 13,810 13,810 13,810 13,810
Real burden of

repayment® 0.28 0.59 0.54 0.49 0.25 0.10

Note: Assumptions: $100,000 loan, conventional amortization over 20 years.
2The real interest rate is held constant at 2.5%.
YAnnual repayment commitment divided by income.

money terms over the loan period. Its continued use under high rates of
inflation and interest distorts the time pattern of loan repayment, concen-
trating the real burden of repayment into the early years of the loan (table
10.2).

By adjusting the loan repayment arrangements to provide annual re-
payments approximately equal in real terms, rather than in nominal terms
(that is, an indexed mortgage), the probability of default can be reduced
by more than three-quarters with 10-percent inflation. The simulation
study showed that the combination of VAS with full indexation has a dra-
matic effect: for the $100 thousand loan, defaults fall from S3 per thou-
sand loans to 4, comparing the conventional loan plan under 10-percent
inflation with an equity credit reserve VAS plus option loan under zero
inflation.

Welfare

In recent years, several studies have investigated the nature and incidence
of poverty among Australian farmers and their families (Vincent 1976).
These studies have identified two groups of farm families that merit con-
cern. First, a small group that have chronically low incomes; typically
these are elderly farmers operating small farms and having little commer-
cial output. Second, a larger group that have low incomes only in some
periods. The size of the second group upholds the view that Australian
farm poverty fluctuates and is more a product of agricultural instability
than of small or nonviable farms.

The welfare implications of rural income fluctuations are consider-
able. As a general rule, output-based assistance like price stabilization and
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input-based assistance like freight concessions on fodder are unlikely to
meet these welfare needs, since the largest benefits tend to go to the largest
farmers. Nevertheless, welfare problems have often been tackled with mea-
sures of this kind. The provision of direct income support to farm families
and other self-employed groups is quite recent. Product-based assistance
was and still is widely used, partly because of its administrative advan-
tages: it is relatively simple to design, quick in effect, and cheap to admin-
ister.

In the past, income support did not cover farmers and other self-
employed persons, despite the recognition that family incomes in these
groups sometimes fall very low. Unemployment benefits require that the
recipient be available for full-time work; they also involve a means test on
income, but not on net worth. Farmers and other self-employed people
meeting the work and means tests were made eligible for unemployment
benefits in 1976. However, there are special problems for farmers who do
not live within reasonable commuting distance of alternative employment.

There are practical difficulties in determining the monthly or even
the annual income of a self-employed person. Also, considerable scope ex-
ists for manipulation of income and costs. Extended periods of very low
income are often preceded and followed by periods of quite high income.
Furthermore, farm families in short-term difficulties often possess consid-
erable wealth, though admittedly not in liquid form.

Provision of household support and short-term carry-on credit was
recommended by the IAC. Carry-on finance was recommended for farmers
whose properties were considered by the adjustment authority to be viable
in the long run but who lacked liquidity in the short term. The essential
feature of the recommended household support assistance was payment at
the same level of unemployment benefits, for a period of up to one year, to
farmers remaining on their farm who were judged to earn inadequate in-
come over that period. Because of the difficulty of accurately estimating
income, it was recommended that the payments be included in taxable in-
come. On that basis, tax payments would be made only when the estimate
of income proved to be too low.

The federal government in consultation with the state governments
accepted the IAC recommended scheme in principle, but the details of op-
eration have differed from the IAC proposals. The rural adjustment au-
thority in each state provides loans to eligible farmers sufficient to raise the
applicants’ estimated future incomes to the level of their notional entitle-
ment under unemployment benefits.

In the IAC view, income is a better basis for welfare assistance than
other indicators of need frequently used, such as produce price or seasonal
conditions. Many measurement difficulties remain, such as the determina-
tion of equitable ways of accounting for wealth, overcoming any incentives
to manipulate revenues and costs so that income in a particular period
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satisfies specified means tests, and accounting for the significance of non-
pecuniary income.

Taxation

Australian governments since early in this century have modified the
income tax system to offset some of the adverse consequences of farmers’
fluctuating incomes. This has been done by taxing income in the current
year at the rate applicable to the average income of the current and preced-
ing four years. The theory behind tax averaging is that, under a progressive
income tax system, those whose incomes fluctuate widely from year to year
pay more tax over time than those who have a comparable stable income.
The purpose of tax averaging is to remove this anomaly, not to stabilize
income. In fact, the effect of this long-standing system, which averages
only the rate of tax, is to cause posttax income to fluctuate rather more
than it would if the taxpayer did not average, though this effect is not
large.

In 1976 the Australian government introduced a scheme called
income equalization deposits, which would supplement tax-rate averaging
along the lines proposed by the IAC by allowing farmers to invest surplus
income into an interest-bearing deposit lodged with the federal treasury.
Only when the deposit is cashed are the proceeds taxed. Thus, although
the tax-averaging system that has operated for many years involves back-
ward averaging of all income to determine the rate at which tax is paid, the
newer system involves forward averaging (or adjustment) of some income
(determined by the farmer) to determine the income on which tax is paid.

In pure form, these arrangements are instruments of tax equity and
income stability for farmers. The IAC proposed that they operate in such a
neutral way. However, both of these arrangements can be used to discrimi-
nate in favor of farmers, and in practice, elements of positive assistance
have been built into both sets of measures. In particular, changes were
made to the averaging scheme in 1978, under which averaging applies only
where current taxable income exceeds average income. In this case, tax on
current income is still levied at the average rate that would apply to a tax-
able income equal to average income of the current year and the four pre-
ceding years. However, where current taxable income is less than average
income, tax is levied in the same way as for ordinary taxpayers—on current
taxable income without regard to average income. Thus under the new sys-
tem, a farmer has the benefit of paying tax on his current taxable income
at either (1) the rate applicable to his average income or (2) the rate under
the ordinary tax scale, whichever is lower.

The IAC considered that the objective of stabilizing individual in-
come would most efficiently be achieved by encouraging farmers to man-
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age their own income and expenditure flows through time. The income
equalization deposit scheme was particularly appropriate for this purpose,
since it was designed to be tax-neutral. However, the new averaging ar-
rangements, which were criticized by the IAC, make these deposits unat-
tractive to some farmers. Under the new rules, some taxpayers incur a
lower marginal rate of tax in high-income years than in low-income years.
Thus the extra tax paid when a deposit is cashed in a low-income year can
exceed the tax saving made when the income was deposited.

Summary

The IAC report suggested that methods to stabilize the incomes of individ-
ual farmers have three characteristics. First, they should directly affect in-
dividual incomes, as each farmer’s income variability is unique. Second, to
ensure neutrality among agricultural activities, regions, and so on, and to
avoid the diminution of market signals and incentives, they should not be
specific to particular inputs or outputs. Last, their use should be voluntary
and allow farmers to choose their own degree of income smoothing. If gov-
ernments wish to encourage income smoothing, they should make income
equalization deposits or similar financial services more attractive to
farmers. In the case of the deposits, neutrality of the tax-averaging provi-
sions could be restored and a higher rate of interest be paid.

Recent Changes in Stabilization Policy

The most positive change in Australian agricultural stabilization policy
has been a shift toward measures operating directly through income. Ac-
companying this, there has been a clearer recognition of separable welfare
and efficiency objectives and a greater emphasis on individual choice by
participating farmers.

The principal role of government in the Australian farm credit mar-
ket until the early 1970s had been to provide (or induce the commercial
banks to provide) cheap credit to farmers to encourage farm investment.
However, since then there has been a shift toward assistance through fi-
nance for farm adjustment and, to a lesser extent, for farm income stabili-
zation.

Changes in credit policies and social security policies have enabled
the efficiency and welfare objectives of stabilization policies to be met more
effectively. There has been a greater opportunity for individual choice by
farmers and for assessment of individual needs by program administra-
tors. Paralleling these changes has been a downplaying of the role of prices
in stabilization policy and less reliance on industrywide compulsory mea-
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sures. These changes have usually followed individual commodity reviews,
in which the IAC has played a central role.

Until the mid-1970s, the principal policy instruments of stabilization
for Australian farmers were a number of commodity price-stabilization
schemes. The archetypal scheme was that for wheat. The IAC reviewed the
Australian wheat industry’s assistance arrangements shortly after it com-
pleted its Report on Rural Income Fluctuations (1978). Although wheat
stabilization plans had periodically provided considerable price assistance
to wheat farmers, the IAC concluded that they had little impact on stabi-
lizing incomes. Furthermore, the plans had several inequitable and ineffi-
cient features. Through buffer-fund arrangements, income was compulso-
rily transferred among growers and, on occasion, farmers’ funds were tied
up for long periods. Thus the plans imposed one price insurance pattern
on all wheat farmers, even though each farmer’s price risk preference was
unique, and the opportunity costs of farmers’ funds were diverse. For long
periods, the plans stabilized prices above world prices, leading to waste-
fully high levels of production. At other times, incentives to produce were
depressed although more wheat could have been profitably produced.

This did not lead the I1AC to reject buffering wheat growers’ returns
against large and rapid falls in export prices. The wheat industry in Aus-
tralia has been lightly assisted and makes efficient use of the community’s
resources. The IAC concluded that to remove the government’s commit-
ment to provide backstop support would not improve the efficiency of re-
source use. It recommended, and the government subsequently accepted,
that the traditional price-stabilization arrangements be replaced by a gov-
ernment commitment to underwrite prices to growers in each year at a level
equal to a percentage of a moving average of market prices in recent years.

Since the IAC's wheat report, this type of price underwriting has
tended to replace the older-style price stabilization schemes for a number
of other exported commodities, including manufactured dairy products,
apples and pears, and dried vine fruits. When prices fall rapidly, market
prices are supplemented by a deficiency payment for a limited period. As-
sistance is provided only rarely, so that the industries do not develop in an
environment of continual assistance. The assistance provided is self-
terminating after a short period, since lower market prices quickly become
built into the price average against which later prices are underwritten. No
buffer funds are used, so that there are no transfers among farmers or
among years. In most years, farmers receive returns from actual market
realizations.

An underwritten price for wool, supported largely by a producer-
financed fund and a buffer stock managed by the Australian Wool Corpo-
ration, has operated since the early 1970s. Because of Australia’s domi-
nant role in the world wool market, the mechanism can support world
prices rather than follow them.
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For those commodities having separate domestic-pricing arrange-
ments, moves have been made to ensure that domestic prices move with
world price trends. The current wheat marketing arrangement has a mech-
anism designed to maintain domestic prices for milling wheat at about 20
percent above the trend level of export prices. A less formal arrangement
with the same objective operates for manufactured dairy products.

Thus Australia has been moving away from pricing policies designed
both to isolate domestic prices of exported commodities from world price
movements and to smooth returns from export sales by finely tuned annual
adjustments. Buffer funds have been terminated, and policy has been
modified to allow domestic prices to follow general world price trends,
while export returns are buffered only against sudden and large price falls.

These changes can be interpreted as a downplaying of the role of prices
in stabilization policy and an upgrading of the efficiency with which price
support is provided. Thus any economic analysis of the policy change should
rely less on pure stabilization theory, and more on assistance theory. The
IAC concluded that there is no sound basis for endorsing a general policy of
assistance to high-risk activities. However, if assistance to an industry is jus-
tified for any reason in order to increase resources committed to it, then
intervention to reduce risk (or price or revenue fluctuations) may be the most
efficient means of doing so. This was the conclusion drawn by the IAC in the
case of wheat, but strictly in the context of it being an efficient, lightly as-
sisted, export-oriented industry. Yet even from the viewpoint of stabilization
theory, there is reason to believe that fine tuning of stabilized prices may not
be welfare-efficient, while a fairly blunt approach, which operates with re-
spect to lower trigger prices, may be welfare-efficient (Quiggin and Ander-
son 1981).

A shift of emphasis in stabilization policy, away from instruments
that operate through prices and toward instruments that operate directly
on income and cash flow, is fully in accord with the principles enunciated
in the IAC report. However, several of the specific proposals have not been
acted upon—for example, rainfall insurance and VAS. The fact that these
types of arrangements have not developed independently of government
encouragement may reflect in part the regulated structure of the Austra-
lian financial system. However, a recent report commissioned by the Aus-
tralian government on the overall Australian financial system (Campbell
Committee 1981) has recommended a considerable relaxation of regula-
tion. If the government accepts these recommendations, it could be ex-
pected that a wider variety of commercial instruments would be developed
to offset farming risks and income instability.
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Approaches to Ammar Siamwalla
Price Insurance

for Farmers

This chapter addresses the problem faced by small and medium-
sized countries attempting to make use of their comparative advantage in
production in the face of uncertain and volatile international markets for
agricultural commodities. For such countries, it is sometimes possible for
governments to use the market to provide price insurance. Such price in-
surance will, in many circumstances, alleviate the income risks faced by
farmers even if the government finds it impossible to provide yield insur-
ance.

Price Variability and Price Risks

There is a crucial distinction between price variability and price risks.
Price variability means that prices may move from year to year on account
of shocks to supply and demand. It is conceptually possible, although
practically improbable, that the exact time path of the commodity price be
known. In any case, the definition is silent concerning the probability dis-
tribution of that time path. That distribution may even be nonexistent in
the Knightian sense of uncertainty (Knight 1921).

Much of the literature on price stabilization following Waugh (1944),
0i (1961), and Massell (1969) tackles the problem of price variability.' The
policy instrument to attain price stability discussed, namely buffer stock-
ing, is assumed to be costless. Given this assumption, there is a unanimity
of view that buffer stocking confers a net social benefit. However, depend-
ing on the assumptions made, results differ as to whether producers and
consumers, as groups, gain or lose. This literature stresses the gains to be
had from intertemporal arbitrage; that is, moving stocks from years of low
prices to years of high prices.

The more realistic case of positive storage costs leads us naturally to
the optimal storage literature pioneered by Gustafson (1958).2 The main

1. For a survey of the literature see Turnovsky (1978) and Newbery and Stiglitz
(1981).
2. See also Gardner (1979).
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result of this line of work is that there exists a storage rule such that the
benefits from the increased stabilization net of storage cost are maximized.
At this optimal rate of storage, prices will not be perfectly stabilized. A
second result is that, given the usual competitive market assumptions, pri-
vate storage will be at the optimal level. Whether one believes in the
competitive market assumptions or advocates public storage on market
failure grounds, the key assumption remains that the optimal storage rule
uses the best information available on current market situations. Obvi-
ously, more accurate information on the market will yield a different level
of optimal stock and will increase the benefits. However, this different level
of stock can be reached only by an injection or withdrawal from the market
and thus would imply a change in price. Thus an optimal storage policy
clearly does not eliminate price variability. However, it can be presumed
that the intertemporal arbitrage central to the storage concept would
lessen price variability.

The concept of price risks tackled in this chapter is quite different.
Price risks occur because farmers and other individuals in the economy
have to commit resources before the returns can be known. Even though
the output price is unknown, it can be supposed that in the minds of
farmers there is a subjective probability distribution of this price. If
farmers are risk-averse, then a risk premium would have to be added to the
cost of producing the output. By contrast, if the markets within the coun-
try are complex and sophisticated enough, the price risks facing the pro-
ducers can be effectively diffused through forward contracts and future
markets. In the limit, the added cost due to the risk premium can be re-
duced almost to zero, without removing price variability from what it
would be if there were a competitive storage industry.

This chapter is concerned with developing countries, where it can
hardly be assumed that such complex markets exist or that they can be
quickly and costlessly brought into existence. Therefore, the price risks
and the premiums that accompany them must be regarded as an excess
burden, a result of market failure. What follows assumes that the develop-
ment level of the country under consideration makes it unrealistic to in-
duce a system of forward contracts and futures markets for agricultural
commodities. The evolution of such risk-diffusing institutions is a long,
drawn-out process. What is proposed below, that the government should
itself take over the task of risk diffusion, should be regarded as a shortcut
to the slower and perhaps more logical development of risk markets. Of
course, whether this assumption is correct for any particular country at any
particular stage of development has to be verified on a case-by-case basis.

In discussing price variability, I have implicitly partitioned time into
discrete blocks called production periods, or crop seasons. At the begin-
ning of these periods resources are committed, and at the end of them the
output is sold. Aiming for the elimination of price risk means fixing price
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expectations within each production period without any commitment of
price movements from one period to another. In contrast, the price-
stabilization literature concentrates on the elimination of price movements
over time. In this sense, the concept of price risk is more specific and nar-
rower than price variability. It is hoped that this greater specificity makes
for a more practical policy.

The focus on producers may be criticized on the grounds that the
consumers’ interests are ignored. This again is a consequence of my defini-
tion of price risk. When consumers decide to make their purchases, they
do not face the same risks that producers do, except for a small risk arising
from the nonsynchronization of purchase and consumption.

There is another more serious risk that consumers may face as a
result of unforeseeable movements of commodity prices. This can be used
to justify government intervention, but to my knowledge it has not been
treated in the price-stabilization literature. This risk occurs because many
consumers negotiate wage contracts with their employers only in nominal
terms. Commodity price movements during their contract periods may
have serious consequences on their real incomes. Again, these risks if not
diffused will impose a net excess burden on society. Important as this
problem is, this chapter ignores it for three reasons. First, to get a firm grip
on the problem would require a serious look at the labor market and the
type and rationale of the contracts negotiated there. Second, to the extent
that my proposals would lower commodity price fluctuations, the risks fac-
ing consumers are definitely reduced and thus it may be a partial solution
to the problem. Finally, I conjecture that the risk problem that consumers
face is essentially a labor market problem. As such, it is more amenable to
a labor market solution, such as wage indexation. This last point is also of
some policy relevance. For commodities such as food, which are major
items in the workers’ budget, any policies to allow nominal prices to move
must be viewed in conjunction with policies on other nominal prices.
Among these, money wages are by far the most important.

Limitations to Policies that Reduce Price Risks

There are four limits on the scope of any government plan to reduce price
risks for commodities. The first is that the plan becomes unwieldy if the
production period is excessively long. The second is that the benefits of the
plan are questionable if the country’s share in world trade is significant.
The third limit arises when the commodity for which government interven-
tion reduces price risk is a major sector of the economy. Finally, the pro-
posed scheme presupposes national borders relatively immune to smug-
gling. Each of these will now be examined in detail.
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Recall that the notion of price risk defined in the previous section
stresses the price movement between the time when resources are commit-
ted and the time that the crop is harvested. This notion sits most comfort-
ably for crops whose annual variable costs form large fractions of the total
costs of production. The set of such crops is mostly but not entirely coinci-
dental with the set of annual crops. For those commodities (primarily tree
crops and some annual crops) requiring large capital investments in crop-
specific production or processing, the recovery of returns extends some-
times several decades (for example, natural rubber) after the commitment
of resources. Reducing price risk for such commodities is almost identical
to reducing price variability.

Why should the government be reluctant to reduce price risk (or
price variability) for the latter set of commodities? If the only source of
variability in commodities is random and the underlying probability distri-
bution of price and other random factors remains stationary, then there
can be no objection to an attempt to reduce the price risk (or price variabil-
ity) for these commodities. Sadly, the major price risks that producers of
these commodities face arise from nonstationary causes, for example from
shifts in demand due to business cycles or, even worse, to technological
changes, such as synthetics or to growth of production from alternative
supply sources. A government commitment to guarantee returns to pro-
ducers in such commodities implies a possibly costly commitment to a rigid
economy in the face of changing world economic environments.

The second limitation requires that the random elements in the do-
mestic production and the world price be statistically independent. For
commodities for which the country is a relatively small buyer or seller in
the world market, this condition will most probably hold.? For nontraded
commodities, and for those commodities (usually export crops) in which
the country has a substantial share of the world market, the present pro-
posal is irrelevant. In such instances, the attempt to reduce price risk inde-
pendently of any policies to tackle yield risk may well increase the total
risks faced by producers.

The third limitation involves commodities, insured either singly or as
a subset of those with high price intercorrelations, that form a very large
part of the economy. Then government-provided price insurance for pro-
ducers will reduce the private risks as perceived by them but will not
reduce the social risks. For while producers’ incomes will be stabilized,
taxpayers' incomes will be significantly destabilized. There are then two
possibilities:

3. It will not invariably hold. If the country is a small importer or exporter, but the
deviation from its own normal production is highly correlated with the deviation from the
world’s normal production, then the world price and the domestic production deviation will
not be independent.
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The simplest possibility is when there exists a futures market at the
world level (for example, in Chicago for maize, New York and London for
sugar). Then the government may eliminate most of the social risk by
hedging in such a market. That is, by selling futures for the commodity up
to the level of the expected production of the crop. The risks that remain
for the country are those arising from yield variability and the “basis"’ risk,
but such risks are generally of a smaller ordler of magnitude than the price
risk itself.* In periods when interest rates are highly variable, there is an
additional risk of financing daily variable margin fluctuations on commod-
ity exchanges during the holding period. This again is of a smaller order of
magnitude and can in any case be hedged in financial-futures markets.

Where shifting of risk out of the economy is impossible, then the irre-
ducible social risk has to be distributed between producers and nonpro-
ducers within the country—the second possibility. In the absence of any
risk markets within the country, there is some ground for government in-
tervention to force the risk to be shared between the producers and non-
producers. This can be shown to increase social welfare over the noninter-
vention case. To establish this point and to highlight critical issues, let me
construct a highly artificial example.

Imagine a free trading country with half its population in an enclave
producing a commodity with a highly risky world price and the other half
producing goods and services with zero variation in prices and incomes.
Assume the first group of population to be earning a high mean level of
income but also with a high variance, while the second group is earning a
low mean income with zero variance. Then, if individuals in both popula-
tions have identical and risk-averse utility functions, there is clearly some
scope for the commodity producers to trade away part of their risks and
higher income in favor of lower risks and a lower income. The nonproduc-
ers will want to do the opposite, thus giving rise to the possibility of welfare
increasing trade either voluntarily through a risk market of some sort or
involuntarily through the government.

This example highlights a few points. Government intervention to
reduce risks when markets are incomplete can be justified, but the net im-
provement that can be brought about in actual cases depends on a number
of factors. (1) The risks that commodity producers face must be evaluated
relative to what the nonproducers face. In my model, the latter face zero
risk. If they face even higher risks than the producers, then there is little

4. The government will lose money if production is lower than contracted for and the
world price moves up during the contract period, or if production is larger than expected and
the world price moves down during the contract period. Use of the futures market presup-
poses a high degree of correlation between prices in the central exchange and the market
where the user actually trades in the real commodity (the cash market). The difference be-
tween the two is known as the basis. Since the correlation of prices in the two markets is not
perfect, there is some risk involved (basis risk).

182



Approaches to Price Insurance for Farmers

scope for any government intervention to stabilize the income of the com-
modity producers. (2) If individuals are allowed to work simultaneously in
both sectors, or if they can own resources in both sectors (as when farmers
diversify between export and food crops), then private decision making will
automatically guide the economy toward a welfare-maximizing position,
thereby undermining the case for government intervention. (3) If the num-
ber of sectors is increased, with an increased variety of risk characteristics,
and if individuals also have different degrees of risk aversion, then one can
expect the less risk-averse individuals to participate voluntarily in the
riskier activities, and again the case for intervention is weakened.

The fourth limitation to policies that reduce price risks arises be-
cause the proposed scheme will operate through trade taxes and subsidies.
Therefore, it is applicable to countries with relatively nonporous borders.
Where smuggling is possible, the proposed scheme is irrelevant.

The Proposed Scheme

On the assumption that market institutions in developing countries have
not evolved to the point where risks can be effectively diffused, this chapter
proposes that the government step in and take over some of the risks itself.
In effect, the government should force or mediate the risk trading between
the primary risk takers—in this case the farmers—and the taxpayers. The
justification for such an action on the part of the government was first ad-
umbrated by Arrow and Lind (1970) and is discussed at length in chapter
10.5

The proposed intervention is extremely simple. The government
should cover the risks of price movements for each production period by
announcing a guaranteed price for the crop at planting time. It should
then ensure that farmers receive the announced price through a variable
trade tax or subsidy to force the domestic price to stay at the announced
level. Thus if the world price moves up between the announcement and the
harvest, an export tax (or import subsidy) would be levied equal to the
difference between the realized world price adjusted for transport (that is,
for basis) and the announced one. In the opposite case, an export subsidy
(or import tax) would be put into effect. These tax and subsidy rules
should be preannounced to minimize uncertainty concerning government

5. Note that this justification is diametrically opposed to a few recent articles, notably
Brainard and Cooper (1968) and Jabara and Thompson (1980). These writers express the fear
that producers, if left to themselves, will not take sufficient account of the risks they face. The
government should therefore introduce taxes and subsidies to guide production toward less
risky crops. A government that is more risk-averse than the private agents is thus explicitly or
implicitly posited.
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behavior. If E/(p,) is the harvest price that is expected at sowing time, s,
then the announced price, p*, would be this price. The export tax (or im-
port subsidy) at harvest time would then be p, — p*, where p, is the real-
ized world price at harvest time.

If the world price and the random factors that affect the export sur-
plus (or import deficit) are independent, then it can be easily shown that
the expected fiscal impact of the scheme would be zero, provided only that
the announced price is an unbiased forecast (in the statistical sense) of the
world price.® This requirement is essential.

There are two possible techniques that may be employed to ensure
that the announced price is an unbiased forecast. Where there are active
futures markets for the commodity at the world level (for example, wheat,
maize, and sugar), it is now generally agreed that the futures prices are
unbiased forecasts of the commodity prices at the date of contract matu-
rity. An implementation problem is that these forecasts may not be statisti-
cally efficient. They are highly sensitive to all the information that enters
the market and therefore may be excessively volatile. The price forecasting
agency has to settle on a firm price at the time of the announcement. A
second alternative is to use formal econometric models to do the forecast-
ing work. There is then a choice problem among many econometric
models. These are simply issues that would have to be resolved before im-
plementation. The essential requirement is that every effort should be
made to ensure that there is no bias in the forecast. .

As the scheme is to be an insurance to stabilize producer’s price, this
implies a highly variable cash flow for the government. It is important that
the financing of the scheme be separated from the central budget and that
sufficient reserves be set aside to make the scheme credible.

The scheme in its simplest form will work for pure export commodi-
ties, where domestic consumption is negligible. In the case where there is
substantial domestic consumption, the scheme has to be modified, as at-
tention must then be paid to domestic storage. A scheme such as this will
clearly influence the time path of the domestic prices of the commodity.
Such an impact will in turn influence the incentives for private storage. In
the extreme case, when prices are completely stabilized by this or any other
scheme, the incentive for private storage will be reduced to zero. To main-
tain this incentive, the target prices used to calculate the tax or subsidy
must be allowed to vary.

Two types of storage. seasonal storage and year-to-year storage, may
be considered. For seasonal storage, the solution is straightforward. In-

6. Let p be the random world price, p* the announced price, and x be the random
variable representing export surplus (or import deficit). Then the variable export levy would
be p — p*. The expected fiscal impact is then E(p — p*)x. If p and x are independently
distributed, then the expected fiscal impact is zero if p* = E(p).
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stead of setting a unique price for the entire season, the government may
announce a price path over the entire marketing season. The price path
must increase over the season at a rate just adequate to cover the storage
costs incurred by private traders.

The problem is vastly more complicated when it comes to year-to-
year variation. The snag is this: between the announcement date and the
harvest (when the price guarantee becomes operative), the world market
does not stand still. Any movement in the world market generates expecta-
tions concerning the guaranteed price for the following harvest. Specula-
tion based on these expectations naturally affects prices in the current
year. To resolve this problem, let us consider two contrasting scenarios.
Scenario I is when the world price moves downward relative to the an-
nounced price. Scenario II is when the world price moves sharply upward.

Scenario 1

Between the announcement and the harvest the world price moves down-
ward. The futures price in the world market for the harvest month in the
following year also drifts down, and local traders expect the government to
announce a lower guaranteed price for the following year. There is a nega-
tive price for storage, and storers lose money. If the government had not
guaranteed the storage cost through the entire marketing season, almost
the entire crop would be sold in the first few months after the harvest. In
the case of an export crop, this would endanger the domestic supply after-
ward. In the case of an import competing crop, the lack of any incentive to
store might make the price guarantee untenable at harvest time.

The issue is best explicated by means of a diagram. Let us assume
that the government is to set the price of a crop planted in July and har-
vested in December. Let us also assume that the situation in the world
market is one of surplus, so that the world market futures price for differ-
ent delivery dates are as shown by the line AB in figure 11.1. The govern-
ment accepts the futures price CB as the unbiased price forecast of the
crop price. Let us assume for analytical convenience that the basis is equal
to BD, implying that the world price level, CB, converts to a domestic
level, DC. The price path to be announced in July of year 0 for the posthar-
vest period would then be DE. Now suppose that by the time December of
year O rolls around, the futures market quotes prices for various contracts
indicated by the path FG. At that point, traders will realize that a price
path at the same level as DE would not be possible in year 2. In December
of year 0 they will forecast a price level of HJ for December of year 1, and
continuing along the path JK. If they hold on to a high level of stocks in
December of year 1, when the price will drop from HE to HJ, they will
suffer severe losses. Consequently, the level of stocks planned for that
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FIGURE 11.1 Illustrative price movements under scenario 1

month will be pruned severely. This expected loss may soften prices some-
what in the few months before the harvest month in December of year 1 but
will exert little impact on the feasibility of the price guarantee made for
December of year 0.

However, one problem with this scenario is that the stocks planned
for the end of year 1 may be excessively small, particularly if the expected
drop in price EJ is very large. If during the year, the expected price, HJ,
suddenly shoots up again on the basis of newer information, then the
planned level of stock may be too small. There would then be an immedi-
ate upsurge of prices. To prevent such a whipsaw effect, it may be desir-
able for the government itself to hold stocks, which would not be released
until the last three months of the marketing year.
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Scenario 11

It is less easy to deal with the reverse case. If there is a sharp upward move
from AB to FG (figure 11.2) in the world price path between July and De-
cember of year 0, then the traders’ expectations would be for the price path
in year 2 to be JK. This price plan then would make the originally planned
price path, DE, untenable, for along that price path it is unprofitable to
release any stocks at all during year 1. It would be more desirable to hang
on to the commodity and release it only when year 2 rolls around. Such
attempts can only result in the equilibrium price path being shifted from
DE to D'J.

Two policy stances are possible. The first, to be called rule A, is to
consider DE not as an actual price path but as a price floor, so that the
scheme in effect becomes an insurance only against downside risk. The
variable trade tax or subsidy is in this case calculated as the difference
between the realized world price (adjusted for transport costs or basis) and
the realized domestic price. It is not calculated as the difference between
the realized world price (adjusted for transport costs) and the prean-
nounced price as originally stipulated. In fact, the change really implies
that when the world prices move up, the trade tax and subsidy scheme will
be in abeyance, as realized world price (adjusted for transport costs) and
realized domestic price will be the same.

Combined with the conclusion of scenario I, this system implies that
the government can and will cushion the economy from a downward move-
ment in world prices. However, it will not do so when there is a sharp up-
ward movement in prices. Such an asymmetric scheme can no longer be
expected to have zero net fiscal impact. For an export crop, the change
from a price guarantee to a price floor would cost the government money
over the long term. For an import competing crop, it will earn money for
the government. This policy stance obviously favors producers and works
against consumers.

Another alternative, rule B, is for the government to adopt the policy
rule that under no circumstances will the difference in the harvest-time
prices of two succeeding years be allowed to exceed the annual storage
cost. In terms of figure 11.2, this is equivalent to the government saying
that if the world market situation moves sharply upward, the government
will allow the price path to move up, but not until the following year and
never to a level above the path EK’. In effect, this means that the variable
trade tax remains the difference between the world price and the an-
nounced price. However, the price guarantee for year 2 is no longer an
unbiased forecast of the expected world price. Because the price guarantee
is a biased one, the fiscal impact is nonzero, and opposite to that of rule A.
For export crops, adoption of such a policy rule would imply that in the
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FIGURE 11.2 lllustrative price movements under scenario 1

long run the government will be a net recipient. For import competing
crops, a net long-run subsidy is implied. The evaluation of the relative
merits of these two rules will be postponed until the last section.

Thus the events described in scenario II—the sharp upward move-
ment in the world prices between planting and harvesting times—has
caused the abandonment, or at least modification, of the austere neutrality
that was the original attraction of the scheme.

A Digression on State Trading and Quantitative Restrictions

The proposed scheme assumes that import and export of the commodities
concerned are in private hands, that domestic trade is in private hands and
is competitive, and that foreign trade is not subject to any quantitative
restriction. Of these, the assumption of private foreign trade is the least
constricting.

188



Approaches to Price Insurance for Farmers

If foreign trade in the commodities of interest is monopolized by the
government, then to effectuate price insurance requires that the govern-
ment agency stands ready to buy or sell the insured commodities at the
preannounced price. This implies that the monopoly must import or ex-
port a sufficient amount of the commodity to maintain the domestic price
at that announced level. Provided the government is as efficient as the pri-
vate sector, the same amount would be needed as if the system was in pri-
vate hands. In any given year, the foreign trade agency would make a
profit or a loss equal to the amount that would have been taxed or subsi-
dized. The issue of whether foreign trade is (or should be) in the private or
public sector is thus not germane to the question of whether the price in-
surance scheme is feasible.

In principle, if imports and exports of the commodities are licensed,
then, provided that the government issues the licenses in accordance with
the exacting requirements of the scheme and continues to levy the variable
tax or subsidy, the quantitative restrictions should not make any differ-
ence. In practice, however, the fact that two levels of decision are in-
volved—one by the private firms and one by the licensing authority—leads
to additional uncertainties. If foreign exchange scarcity makes licensing
inevitable, then it is likely that direct state trading would be more efficient.

Comparison with Johnson's Proposal

The proposal bears a close relationship to Johnson's (1947) proposal for
U.S. agriculture. The main difference lies in the details. Johnson’s pro-
posal is for the U.S. government to make a forward price commitment to
producers. However, that commitment should be fulfilled through a differ-
ent procedure. Instead of intervening further in the market if the realized
price falls short of the forecast price, Johnson proposes a deficiency pay-
ment directly to farmers equal to the price shortfall. This is an attractive
technique, as the problem of risk to the farmers is tackled at the source.
There are two problems with this approach, however.

First, this procedure requires a registration of eligible farmers, their
planted acreage in various crops, and the expected yields. This has been
achieved and is not a heavy burden for the United States, which is the
target of Johnson’s proposal, but appears to be too complex for most devel-
oping countries. This is particularly true if there are many small-scale
farmers.

The more serious objection is that Johnson seems to envisage the gov-
ernment’s forward price commitment as one-sided, setting a floor against
price falls. There does not appear to be a symmetrical treatment of how to
handle a situation in which the forecast price falls short of the realized
price. This asymmetric treatment implies that the government will provide
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a net subsidy to agriculture over the long term and therefore draw re-
sources into it over and above what is optimal.

Theoretically, it is possible for the government to levy a direct tax on
producers should they receive a windfall gain from a rise in realized price
over the forecast price. Practically, such an option is unlikely to be consid-
ered. For developing countries, this difficulty will prove fatal when taken
in conjunction with the first objection.

Benefits and Costs

The benefit of the proposal is conceptually straightforward—it is a reduc-
tion in the costs of producing various commodities by eliminating one com-
ponent of the many risks that farmers face. The methodology to calculate
this risk premium has been recently developed, so the premium can be
estimated provided there is some estimate of the farmer’s coefficient of risk
aversion and his production function. Hazell (1982) surveyed the problems
involved in estimating the risk premium when farmers face risks from un-
anticipated yield and price fluctuations.

There are four components of the costs of the scheme.

1. The most important cost arises because of the distortion on the
consumption side. If the realized price at harvest time turns out to be dif-
ferent from the forecast price, there is nothing that can be done on the
producer’s side, because resources have already been committed. How-
ever, domestic consumption can and should be allowed to adjust to the new
realized price. The use of a trade tax or subsidy in order to keep the domes-
tic price fixed at the forecast level, even though the world price has shifted,
will create a distortion on the consumption side (Corden 1974, pages 12-
14). A better approach from the theoretical point of view is to provide a
direct payment or impose a direct tax on the producers and allow market
prices for the consumers to reflect fully the movements in world prices.
Since this was ruled out as impractical (see the previous section), the un-
avoidable consumption distortion will thus have to be reckoned as part of
the cost of the price insurance.

2. In the case where there are sudden price spurts in the world mar-
ket (scenario II), I have suggested some modifications. It is not possible to
determine beforehand the relative merits of rules A and B; there are two
types of distortion involved. One is the distortion on the consumption side
because the domestic price does not follow the world price, as explained
above. The other is the distortion on the production side arising out of a
net subsidy or tax for the commodity as a consequence of the nonneutral
fiscal consequences. Because rule A allows domestic prices to respond im-
mediately to a sharp jump in world prices, the consumption distortion is
less than if rule B is followed.
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Rule A does, however, draw resources permanently into agriculture,
because of the bias in government policy inherent in converting the price
forecast into a price floor. On the other hand, because rule B delays the
passing on of the new knowledge regarding world prices, there are both
consumption distortions and production distortions. The latter arise be-
cause resources are withheld from the sector until the domestic price has
caught up with the world price. Unless there is a very strong continuous
upward trend (which would delay the catching-up process), the production
distortion is probably a temporary one.

3. Goods consumed domestically in significant amounts must be
priced over the season in such a way as to induce sufficient storage. The
losses arising from-an insufficient private provision for storage can be sub-
stantial. This must be avoided by proper planning for storage and appro-
priate incentives for storage.

4. The final cost item is the tax collection cost, including the preven-
tion of smuggling.

The most natural commodity for the proposed price insurance
scheme is that which is almost entirely exported and for which foreign
prices fluctuate a great deal. For importables and those exportables with
large domestic consumption, the scheme is more likely to be beneficial the
lower their price elasticities are, for then there will be less consumption
distortion (see cost component 1). The question of how the degree of world
price fluctuations affects the desirability of the scheme is more difficult to
evaluate in advance. While greater fluctuations imply greater reductions in
the risk premium and greater benefits from the insurance scheme, it also
means that the domestic price movements are more constrained, thereby
leading to larger consumption distortions.

Concluding Remarks

This chapter has examined a few public policies that may be used to tackle
large and frequent price movements in developing countries. It concen-
trates on the impact of these price movements on the risks that producers
face when they commit resources to production, and on the possible loss in
efficiency that results when these risks cannot be shared through existing
market mechanisms. Such market failures justify some government inter-
vention.

The proposal made to counteract this risk problem is restricted to
commodities traded by the country concerned. It calls for the government
to set a guaranteed price at planting time and to assure this price by using
a trade tax or subsidy to bring the domestic price in line with the guaran-
teed price.
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This is clearly a second-best policy for meeting the price risk prob-
lem. A first-best solution would be to make a supplementary payment or
impose a direct supplementary tax to adjust producers’ income to what it
would be if they faced no price risk at all. Unfortunately, the difficulty of
taxing farm incomes in developing countries precludes serious consider-
ation of this approach.

An important drawback with the approach proposed in this chapter
is that the scheme is in effect a compulsory insurance for all farmers. A
voluntary scheme would depend on the existence of possibilities for
forward-sales contracts by farmers with either private traders or the gov-
ernment. Also, private traders should then be able to diffuse their risks by
reinsuring in a futures market. Where such contractual arrangements are
possible and enforceable, voluntary arrangements are clearly better solu-
tions to the risk problem. Where these are possible, the government should
place priority on their development. The scheme proposed here should be
considered only as a shortcut, or better still, as a stopgap measure before
the development of these institutions has occurred.

The proposed scheme is not relevant for nontraded commodities, nor
for those traded commodities in which the country has a substantial share
of the world market.
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History of Crop Insurance in the United States

Multiple-peril crop insurance was introduced in the United States by pri-
vate companies in 1899, when the Realty Revenue Guaranty Company of
Minneapolis agreed to purchase, at the insurer’s request, his entire wheat
crop at $S per acre. Previously, the only insurance available for crop losses
was the limited coverage afforded by hail and fire insurance. The fate of
this early attempt at crop revenue insurance is not documented, but the
company discontinued the program after one year (Hoffman 1925).

Crop insurance policies were written in 1917 in North Dakota, South
Dakota, and Montana by three private companies (Valgren 1922). The
companies suffered heavy losses because of a drought. Apparently their
ventures covered an area too small to adequately distribute their risks. The
Hartford Fire Insurance Company offered a policy in 1920 that insured
both price and yield risk.The company's president later testified before
Congress that, primarily because of sharp declines in crop prices, pay-
ments for insured losses exceeded premiums by $1.7 million (U.S. Con-
gress 1923). Several other efforts by private companies to provide crop in-
surance were for the most part unsuccessful.

In 1922, the U.S. Senate passed a resolution calling for investigation
of crop insurance. The resolution provided for the appointment of a select
Senate committee to investigate crop insurance with particular reference to
(1) the kinds and costs of insurance available; (2) the adequacy of the pro-
tection afforded by such insurance; (3) the desirability of any practical
methods for extending the scope of such insurance; and (4) the availability
and sufficiency of statistics necessary to properly and safely issue addi-
tional crop insurance (U.S. Congress 1923).

The select committee held hearings from April 24 through April 27,
1923. The hearings represented the first time that crop insurance was ap-

The following personnel of the U.S. Department of Agriculture were most helpful in
providing advice and access to the data: Alan Walter, George Vohs, and Ralph Satterfield
(Federal Crop Insurance Corporation); Ray Aldrich, Charles Riley, and Ed Matthews (Agri-
cultural Stabilization and Conservation Service); and Tom Miller and Jim Johnson (Eco-
nomic Research Service).
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proached as a national problem. The 116 pages of testimony by experts
from government, agriculture, and insurance interests suggested that a
successful program would have to be national in scope and would require
better data than currently available. The committee adjourned for the
summer, and when it reconvened in the fall, economic conditions for agri-
culture had worsened to such an extent that agricultural interests in Con-
gress turned their attention to more immediate measures of relief. By the
time Congress adjourned in the summer of 1924, no additional crop insur-
ance hearings had been held, and no action on crop insurance was under-
taken.

In 1936, President Roosevelt appointed a committee to make recom-
mendations for legislation providing for government-sponsored crop insur-
ance. The committee’s recommendations were largely adopted in the Fed-
eral Crop Insurance Act of 1938 (Title V of the Agricultural Adjustment
Act of 1938).

To implement the crop insurance program, the legislation estab-
lished the Federal Crop Insurance Corporation (FCIC), an agency within
the U.S. Department of Agriculture. The management of the corporation
was vested in a board of directors appointed by the secretary of agriculture.
Insurance was authorized only for wheat. Growers could insure between S0
and 75 percent of their recorded or appraised average yields against losses
because of ‘‘drought, flood, hail, wind, winterkill, lightning, tornado, in-
sect infestation, plant disease, and such other unavoidable causes as may
be determined by the Board” (52 Stat. 74). Premiums and losses could be
paid in kind or cash equivalent.

Local committees of the Agricultural Adjustment Administration
administered the crop insurance program. For those farms with annual
yield data, the county committees determined premiums by calculating a
loss experience based on the amount of indemnities a farm would have
received if it had been insured in previous years. Using an average yield for
the base period, the committees calculated the amount of indemnity or loss
cost for each year had the farm been insured at the 75-percent (or S0-per-
cent) level. The annual loss costs were used to obtain an average loss cost
for the farm. This average loss cost was then averaged with the county loss
experience to determine the premium rate (Rowe and Smith 1940).

The initial experience with federal crop insurance was less than en-
couraging. During the first year, nearly one-third of the insured farmers
collected indemnities. Indemnities exceeded premiums by 2.6-million
bushels; the loss ratio was 1.52. Part of the losses resulted from drought in
several states, although national yields were slightly above average. In any
actuarially based insurance program, one would not expect premiums to
exactly equal indemnities in a given year, but there were some fundamen-
tal problems in the program’s administration that contributed to the poor
loss ratio in 1939. Adequate farm-level data were not available in many
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counties. Also, in many cases inexperienced estimators relied too heavily
on county averages in setting premiums. This apparently led to an under-
estimate of yield variability of individual farms (Clendenin 1942).

Another factor contributing to the large underwriting losses in 1939
was the late completion of wheat contracts, which led to adverse selection.
The calculation of premiums ran behind schedule, and many farmers did
not receive premium notices until after their crops had been planted.
Nearly half of the original applicants did not respond to premium notices
and thus nullified their contracts. Presumably, those farmers cancelling
their applications had crops in good condition (Clendenin 1942).

The poor performance of the 1939 program led to several changes in
the methods used to calculate yields and premiums. Because inexperi-
enced county committees were often appraising yields too high, especially
on low-yielding farms, the FCIC established a key-farm system for future
years. Under this system, a representative sample of between fifty and a
hundred farms with good yield data was selected for each county. To ap-
praise yields and loss costs for individual farms, committeemen were in-
structed to select a comparable farm from the key-farm list and use its data
with appropriate modifications (FCIC Annual Report 1939). The FCIC
also established county check yields. Farm yields and premium rates were
then brought into alignment with estimated county averages by a factoring
procedure. Individual farm figures were raised or lowered proportionally
until their average was equal to the county check yield.

Participation in the program increased steadily. The number of in-
sured farms was 165,775 in 1939, 360,596 in 1940, and 371,392 in 1941.
Despite the growth in participation and the modifications in yield and pre-
mium calculations, the federal crop insurance program continued to pay
indemnities in excess of premiums received (FCIC Annual Report 1943).

The disappointing results of the first three years of operation of the
wheat insurance program led to a total subsidy from the Treasury for oper-
ating expenses and underwriting losses of about $28 million, or approxi-
mately $31 per farm per year. Although proponents of crop insurance had
conceded at least a temporary need for a public subsidy of operating ex-
penses, the annual subsidy of $4.4 million was larger than expected. Given
the low level of participation, it became clear that the plan would not be-
come self-supporting. For example, adding operating expenses to the pre-
miums would cost the average insured wheat grower 13 percent of net in-
come from wheat or 4 percent of gross income (Clendenin 1942). The
annual underwriting losses of approximately $4 million were even more
troublesome to policymakers, because these losses occurred during rela-
tively good crop years when reserves should have been accumulated for
paying indemnities in future bad years.

A similar crop insurance program for cotton began operation in
1942, and it encountered the same difficulties as the wheat program. In-
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demnities greatly exceeded premiums during 1942 and 1943. Administra-
tive expenses totaled $3.5 million for the two years, and underwriting
losses amounted to $11 million (Benedict 1953).

The crop insurance programs for wheat and cotton were severely crit-
icized in 1943 congressional hearings. The Agricultural Appropriations
Bill for 1943-44 prohibited the FCIC from writing any new crop insurance
policies after July 31, 1943. The two major reasons for the congressional
cancellation of the crop insurance program were (1) the large underwriting
losses in each of the five years of the program’s operations and (2) the low
level of participation in the program. Although Congress had been willing
to subsidize the program’s administrative costs, it had expected premiums
to cover indemnities in normal crop years (Agricultural Finance Review
1943).

The crop insurance program did not remain dead for long. In late
1944, an amendment to the Agricultural Adjustment Act of 1938 was
passed, which revived and expanded the program. Insurance was autho-
rized for wheat, cotton, and flax crops planted for harvest in 1945. How-
ever, because of drought, excessive rains, and boll weevil damage, there
were large underwriting losses for cotton (FCIC Annual Report 1946).

Insurance was also offered on a trial basis in 194S for corn in fifteen
counties, and for tobacco in twelve counties (Agricultural Finance Review
1945). The program for corn had two options—a yield plan and an invest-
ment cost plan. The yield plan insured up to 7S percent of the farm average
yield over a base period. The investment cost plan insured up to 75 percent
of the investment a farmer had in his crop. Crop insurance for tobacco was
also offered under two plans—an investment cost plan and a yield quality
plan. Under the yield quality plan, a quality index was constructed for
each farm based on the historical relationship between the price received
by the grower and the seasonal price for the type or class of tobacco grown.
The grower would then be insured for a return equal to three-fourths of his
average yield, multiplied by his quality index, multiplied by the average
market price for the year of the insurance. The dollar value of the coverage
would not be known until the close of the marketing season; until then it
would be carried in pounds weight. Under this plan, a grower was insured
on the basis of his relative position in the market, but he still bore the risk
of overall fluctuations in the market price (Wrather 1943).

The 1945 program also instituted increasing protection as crops pro-
gressed. If a crop was destroyed or substantially damaged early in the
growing season, after it was too late to replant the same crop, and the
FCIC released the acreage for another use, then protection was reduced to
40 or SO percent of what it would have been for a harvested crop. After that
time, the level of protection gradually increased. This provision was added
to provide for a sounder insurance program, because it had been observed
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that in some cases it was more profitable to incur a crop loss than to have a
successful harvest (FCIC Annual Report 1945).

Several new features were introduced in 1946. The FCIC had been
experimenting for some time with a three-year contract for wheat. This was
designed to reduce the adverse-selection problem and to reduce the cost of
selling insurance. An important indicator of crop prospects is soil moisture
at planting time. Many farmers purchased crop insurance only when soil
moisture indicated a poor crop. The three-year contract eliminated this
problem at least for the second and third year of the contract. A continu-
ous contract for cotton was also introduced. This contract would remain in
force year after year unless cancelled by the farmer or the FCIC.

It had become recognized that individual farm data might be ade-
quate for determining expected yields but not for determining the variabil-
ity of yields, because of the relatively few years of data available. There had
been a trend toward using county data, and with the adoption of county
premium rates in 1946, all crops were insured under countywide rates.
This change was permitted by the 1944 amendments, which omitted a pro-
vision requiring premiums to be based on the recorded or appraised crop
loss of the insured farm. Adjustments in premiums continued to be made
for high-risk farms (Agricultural Finance Review 1946).

Partial coverage was offered for the first time in 1946. Farmers were
allowed to purchase a percentage of the standard contract so as to receive a
lower level of protection for a corresponding lower premium. This option
did not prove to be popular with farmers.

In 1947, for the first time in history, the FCIC collected premiums in
excess of indemnities on combined operations. Ironically, legislation
passed that year severely curtailing the operations of the corporation. The
1947 amendments effectively reduced federal crop insurance to an experi-
mental program. As a result of the legislation, the corporation reduced its
operations from 2,500 to 375 counties in 1947. Although the scope of the
program was reduced, the FCIC was given greater latitude in experiment-
ing with alternative forms of insurance. Two new experimental programs
were tried in 1948. One was a program for dry edible beans instituted in
four widely separated counties with different types of farming. The other
was a multiple-crop contract, with indemnities determined on the basis of
combined coverage evaluated at predetermined prices (FCIC Annual Re-
port 1948),

The drought of the 1930s provided impetus for the establishment of
government-sponsored crop insurance; the drought of the early 1950s
demonstrated the continued value of insurance to producers. In 1951 and
1952, indemnities totaled $42 million and enabled many farmers to avoid
bankruptcy. Over the first five years of the experimental phase (1948-52),
the surplus of premiums over indemnities was $2.25 million. The loss ratio
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was less than one in three of the five years, and the five-year loss ratio was
0.97. This suggests that the program was beginning to operate on a sound
basis, although reserves were not building up as quickly as desirable. For
example, the total reserves after five years were substantially less than the
underwriting losses incurred in one year—1949 (FCIC Annual Report
195S).

During the 1950s, the crop insurance program began to stabilize.
Although some new crops were added and minor experimentation contin-
ued, most changes involved fine tuning the program. The FCIC an-
nounced that, beginning in 1956, insurance would no longer be sold in
fourteen counties in Colorado, New Mexico, and Texas. These were con-
sidered high-risk farming areas not suitable for insurance, because total
indemnities had substantially exceeded total premiums. The board of di-
rectors was convinced that it would be impossible to develop a sound insur-
ance program for these counties. If insurance had not been sold in these
counties since 1948, the national program would have experienced a sur-
plus of premiums over indemnities, rather than a deficit.

Beginning in 1957, there was a five-year period in which premiums
exceeded indemnities every year. The loss ratio in 1958 of 0.26 was the
lowest in nineteen years of operation. This was well below what was ever
expected in the program. Premiums exceeded losses for every crop, and as
a result, a total surplus of $2.5 million had collected since the experimental
program began in 1948. In addition to good crop conditions, other factors
contributing to the successes during this period were improved operating
methods, including the withdrawal of the fourteen high-loss counties in
1956, and the advancement of closing dates for applications to reduce ad-
verse selection.

The continued experimentation during the 1950s with methods and
crops insured did not result in rapid increases in total coverage. In 1950,
insured liabilities were $240 million. By 1959, this increased to $271 mil-
lion, well below the $470-million worth of insurance written in 1947, before
the beginning of the experimental phase. During the 1960s, the FCIC con-
centrated on increasing its coverage, which reached $920 million in 1969.
This rapid increase did not come without cost. In the last three years of the
decade, the corporation paid indemnities that were about 29 percent of the
total indemnities paid during the entire 1948-69 period. Premiums did not
keep pace with liabilities and indemnities. Premiums as a percent of liabil-
ities declined from 6.9 in 1955-61 to 5.8 in 1963-69 (FCIC Annual Report
1969 and 1970).

Early in 1969, the secretary of agriculture appointed a new board of
directors, manager, and deputy manager. The new management under-
took a review of the program to indentify reasons for the poor financial
position of the corporation. They concluded that it was due *in large mea-
sure to coverage increases and rate reductions which supporting statistics
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did not justify, and a concentration of sales results where comparatively
high coverage and low premiums applied” (FCIC Annual Report 1969, p.
11). Adverse weather followed in some of the areas of increased coverage,
particularly in cotton-growing areas. The corporation concluded that in
many counties insurance structures had been weakened by the use of
shorter time periods for determining coverages. The result was that cover-
ages were based on recent trends rather than long-term averages. The cot-
ton program was identified as one of the major sources of the corporation’s
problems. For the 1948-69 period, the cumulative loss ratio for cotton was
1.5. Without cotton, the cumulative loss ratio for all crops would have
been 0.91 rather than 0.97.

The corporation’s review revealed that in many cases premium rates
had been reduced below what experience could justify. For some new
crops, risks had been miscalculated and premiums set too low. Overall, it
was concluded that ‘“‘unfortunately, this process of increasing sales was
geared too much to liberalized coverages for premium rates too low to
result in sound operations” (FCIC Annual Report 1969, p. 12).

To offset these problems, the FCIC instituted several changes in the
operation of its 1970 program. In most cotton counties, premiums were
increased and coverage was decreased. The top cotton price election (used
to calculate the value of insured losses) was reduced, to more adequately
reflect market values. The experimental potato program, which had suf-
fered large underwriting losses and had been utilized by few producers,
was discontinued. Adjustments were made in the soybean and citrus pro-
grams to lower their loss ratios.

In 1970, the secretary of agriculture appointed a task force of non-
governmental insurance experts to study the FCIC. The task force criti-
cized the practice of establishing premiums on a countywide basis. Ac-
cording to the task force, the most urgently needed change was to base the
program on individual farm risks (FCIC Task Force 1970). The General
Accounting Office concurred with the need for individualized protection
(U.S. General Accounting Office 1977). The GAO concluded that low par-
ticipation prevented FCIC from operating an effective disaster protection
program. To increase farmers’ participation in the federal crop insurance
program, individualized protection was proposed.

Disaster Payments Program

The Agriculture and Consumer Protection Act of 1973, and the Rice Pro-
duction Act of 1975 established a disaster payments program, which, for
some crops, overlapped with the protection provided by federal crop insur-
ance. Payments for prevented planting and payments for abnormally-low
yields were provided for producers of wheat, sorghum, corn, barley, up-
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land cotton, and rice. Farmers participating in price- and income-support
programs were eligible for payments. Payments for prevented planting
were made to producers who were unable to plant or who underplanted
because of drought, flood, or other natural conditions beyond their con-
trol. Low-yield payments were made when yields fell below two-thirds of
normal. The Food and Agriculture Act of 1977 renewed this program, with
low-yield payments activated when yields of wheat and feed grains fell be-
low 60 percent of normal and when yields of rice and cotton fell below 75
percent of normal. The program ended in 1981. Disaster payments for
1974-80 totaled $3.392 billion.

The disaster payments program was popular with farmers, because it
provided disaster protection with no premium costs and coverage in high-
risk areas where crop insurance was not available. Critics charged that the
program led to an inefficient use of the nation’s resources, by encouraging
production in high-risk areas. The program was also criticized for insuring
against moral hazards, that is, avoidable losses caused by management
decisions. A study by the GAO found that a substantial portion of 1974
payments went to Texas producers, whose cotton crops were damaged by
drifting chemicals aerially applied to neighboring fields. Although the
farmers may have had legal recourse against the damaging parties (who
customarily carried insurance against such claims), they chose to collect
disaster payments rather than pursue legal action (U.S. General Account-
ing Office 1976). Furthermore, the prevented plantings provision provided
incentives for producers in arid regions to collect payments rather than
plant under marginal conditions (Miller and Walter 1977).

The question arises whether the disaster payments program discour-
aged participation in the FCIC program. There does not appear to have
been any large effect. In the three years before the implementation of the
disaster payments program (1971-73), an average of 347-thousand pro-
ducers insured their crops under FCIC. During the first six years of the
disaster payments program (1974-79), the corresponding FCIC figure was
320 thousand.

The Federal Crop Insurance Act of 1980

The Federal Crop Insurance Act of 1980 (94 Stat. 1312) expanded the crop
insurance program to become the major form of disaster protection in the
United States. The Act authorized the expansion of the program to all
counties with significant agriculture. If sufficient actuarial data was avail-
able, the FCIC was permitted to insure any agricultural commodity (in-
cluding aquacultural species) grown in the United States. The initial ex-
pansion of the program was targeted for those counties with substantial
acreages of crops formerly covered by the disaster payments program. In
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order to provide a transition period, the Act extended the disaster pay-
ments program through 1981. To encourage greater participation, the Act
authorized subsidies of 30 percent of premiums on the 50- and 6S-percent
yield levels and a somewhat smaller subsidy at the 75-percent yield level.
Those producers with private hail and fire insurance were allowed to delete
that coverage from the corporation’s policy and pay premiums reduced by
15 to 30 percent.

The Act also permitted specific risk protection programs for pre-
vented planting, wildlife depredation, tree damage and disease, and insect
infestation, provided such protection was not available from private com-
panies. It authorized research and pilot programs on rangeland, livestock
poisoning and disease, destruction of bees due to pesticide use, and *“‘other
unique problems of special risk related to, but not limited to, fruits, nuts,
vegetables, aquacultural species, forest industry needs (including appreci-
ation), and other agricultural programs as determined by the Board.’’ The
Act required a pilot program of individual-risk underwriting in at least
twenty-five counties from 1981 to 198S5. The FCIC later announced that,
beginning in 1982, farmers with at least three years of yield data may re-
quest individualized yield protection. Under this option, premiums and
coverage would be calculated on an individual farm basis.

The GAO studied the effects of the new legislation on the 1981 pro-
gram and found the insured acreage increased from about 26.3 million to
47.7 million. For the 1981 crop year, the FCIC extended its coverage to
1,340 additional county programs and 252 additional counties. (A county
program is defined as all insurable acres of a crop in a county.) For the
1982 crop year, 8,278 county programs and 1,050 counties were added.
Producers chose to exclude fire and hail coverage on only 3,125 of 497,336
policies (U.S. General Accounting Office 1981).

Of thirty private companies submitting applications for the 1981 re-
insurance program, seventeen wrote policies resulting in premiums of $13
million, or 4 percent of the total premiums written. Another six companies
entered into nonrisk-bearing sales and service agreements with the corpo-
ration. There were two major reasons that more private companies did not
participate in reinsurance: (1) lack of sufficient time to implement the pro-
gram, and (2) concern that reinsured companies might be considered fed-
eral contractors subject to equal opportunity regulations (U.S. General
Accounting Office 1981).

Other Farm Programs
The early development of U.S. crop insurance programs took place in con-

junction with commodity price support policies. However, in the post-
World War II period, commodity price support programs have developed
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independently of the FCIC programs. The most notable instance of this
independence was the disaster payments program, which, as discussed
earlier, was essentially a second crop insurance program superimposed on
the FCIC. During the 1970s there were, in addition, programs such as
those providing disaster loans at low interest, the emergency feed program,
and special indemnity programs for dairy producers and beekeepers.

The economic impact of these other programs were often more im-
portant than FCIC insurance. In 1977, about two-thirds of U.S. counties
were classified as disaster areas for purposes of disaster loan programs
(even though the U.S. crop output index was at a record high).' In fiscal
1980, the Farmers’ Home Administration made about $4.5 billion in emer-
gency loans, at an interest rate of S percent, for the amount of losses
claimed. An important purpose of the Federal Crop Insurance Act of 1980
was to create a better-coordinated overall system of federally subsidized
crop insurance.

A general reason for coordinating price support programs and out-
put insurance programs is that either one by itself may have only small
risk-reducing effects in the absence of the other. This situation arises when
price fluctuations are caused by random output variations that are corre-
lated across farms, since in this situation low yields tend to be compen-
sated by higher prices. When prices are stabilized by a government pro-
gram, the risk-reducing features of crop insurance are enhanced. This is a
possible reason that tobacco producers participate in FCIC programs more
than producers of other crops.

Crop insurance and credit programs are also related. The two merge
into the same policy in the case of disaster assistance, which takes the form
of subsidized loans. The subsidy may involve interest rates below market
rates, waiver of usual security terms, governmental guarantee of payoff to
lenders in case of default, or even forgiveness of repayment of principal. In
this case, credit policy and insurance are substitutes in risk management.
However, the more usual case is that federal credit policy increases the
demand for crop insurance. Federal farm credit policy consists essentially
of programs to provide credit to farmers at terms more favorable than the
terms available from nongovernmental lending institutions. This tends to
increase farmers’ use of credit, thus their leverage, and thus the value of
insurance in reducing risks.

Unfortunately, we do not have the data necessary to test the impor-
tance of this effect and of the interactions of the various programs in influ-
encing farmers’ behavior by changing their risk-return alternatives. How-
ever, county-level data on the FCIC and disaster payments programs exists
which may be useful in drawing lessons from the U.S. experience about

1. See the testimony of the secretary of agriculture before the Senate Agriculture
Committee on May 2, 1978, as reported in Farm Credit Administration (1978).
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farmers’ demand for crop insurance and about the effects of insurance
programs on farmers’ risk taking.

Previous Studies

Economic research on crop insurance has been conducted in the United
States for the past sixty years. The research falls into four general catego-
ries. (1) Before 1938 several studies explored possible forms that a govern-
ment-sponsored crop insurance program might take. (2) Given the low
participation level and poor financial performance of the FCIC program in
the early years of operation, researchers proposed alternative actuarial
methods. (3) Several studies have been concerned with differences in the
characteristics of program participants and nonparticipants. One purpose
of this group of studies has been to shed light on factors influencing the
demand for crop insurance. (4) The final set of studies examined the farm-
level impacts of crop insurance. Most of the studies in this latter group
were conducted in a simulation framework to analyze the stream of net
returns of representative farms with and without insurance.

One of the earliest economic studies of crop insurance in the United
States was a USDA bulletin by Valgren (1922). Reviewing the experience
of private companies, Valgren identified principles fundamental to the de-
velopment of a successful crop insurance plan. These principles were an
elaboration of the basic requirements for crop insurance, which a German
economist, Paul Mayet, had presented thirty years earlier to the Japanese
government (see chapter 13):

This insurance against failure of crops may be limited as follows, that
a duty of indemnification exists only:
I. When the failure is clearly due to natural causes and the farmer
is not to blame, as when a whole province or county suffers loss.
II.  When the failure of the individual farmer of that province or
county is a total or a considerable one, as for instance when the
rice crop is less than 70% of an average crop, or that of other
produce less than 60% or S0% or 40%, etc.
III.  When the indemnification is only partial and the farmer bears
the other part of the burden.
1IV. When that indemnification is made, not according to market
prices obtained during the year of failure, but according to an
average price agreed upon when the insurance was first offered
(Mayet 1893, pp. 60-61).

It is interesting to note that the danger of insuring against price risk was
recognized before the turn of the century.

To Mayet’s list, Valgren (1922, p. 26) added the requirement that
“The premium, or cost of insurance, must bear a reasonable relationship
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to the value of the protection that it purchases.’” To accomplish this, Val-
gren suggested the use of farmers’ organizations to keep the administrative
costs as low as possible.

Department of Agriculture research on crop insurance was renewed
in 1936. A substantial amount of data on wheat and cotton yields on indi-
vidual farms had been collected by the Agricultural Adjustment Adminis-
tration in the operation of its programs. Preliminary analysis of the wheat
data indicated it could provide an actuarial basis for crop insurance (Agri-
cultural Finance Review 1935; Green 1938).

After Congress temporarily suspended the FCIC in 1942, research
began on alternative actuarial methods. This approach was designed to
reduce adverse selection, which Sanderson (1943) blamed for the FCIC’s
problems. He proposed a program based on weather/yield relationships,
using a regression equation to predict the effect of weather factors on
yields. Under this plan, an equation would be estimated for each state.
Farmers would receive indemnities if weather factors changed in a direc-
tion leading to below-average predicted yields. Increases in predicted
yields would determine the per-acre premium paid by farmers in the state.
Another version of this plan, also based on regression equations, would
have resulted in fixed premiums and minimum-yield protection. Sander-
son’s plan did not receive a great deal of attention, possibly due to poten-
tial difficulties in selecting appropriate explanatory variables. Further-
more, a farmer with greater yield variability than the state as a whole
would not likely obtain adequate risk protection from such a plan.

After analyzing the extreme yield fluctuations of the semiarid regions
of the northern great plains, Pengra (1947, pp. 569-70) suggested a crop
insurance plan that would discourage planting in dry years. He argued, *'If
a plan could be worked out to restrict or entirely eliminate the seeding of
wheat during these low preseasonal precipitation years, the cost of the in-
surance would be greatly reduced as well as the losses that must still be
borne by the farmer in spite of the benefits from his insurance protection.”
However, farmers often choose to plant in such seasons, even when they
bear the full risk of crop losses. So there is a strong presumption that the
encouragement of idling land in these years of likely scarcity would cause
misallocation of resources from the social point of view.

An area-yield insurance plan was proposed by Halcrow (1948, 1949).
Under this plan, premiums and indemnities would be based on the yield of
an area with normally uniform crop conditions. If the mean area yield fell
below a specified level, all insured farmers in the area would receive an
indemnity. An obvious difficulty with such a plan is that it would not pro-
vide appropriate insurance for farms in the more risky environments
within an area. This proposal was not adopted.

Lee (1953) proposed citrus temperature insurance as a substitute for
citrus frost insurance in Southern California, due to the greater availability
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of temperature data. Growers would receive indemnities if temperatures
fell below specified levels at nearby weather stations. This proposal also
failed to gain acceptance.

U.S. crop insurance allows a reduction in premiums over time for
those farmers without losses. Myrick (1970) examined this and other fea-
tures of the program. Because there are credits to, but no debits against,
base rates, the base rates must be weighted to balance the credits. Myrick
argued that this discouraged participation, since premiums for new in-
sureds are higher than average. He recommended a revised merit rating
plan that would include debits as well as credits, which would tend to lower
the premium rate for new insureds. He also suggested a provision for re-
ducing rates for new insureds if their individual yield records indicated a
favorable loss-cost history.

One of the first examples of research on characteristics of program
participants and nonparticipants was a study published by the Stanford
Food Research Institute in 1942. Based on surveys from individual farms
in several states, Clendenin (1942) concluded that small farms were more
likely to purchase insurance than large farms. Also, after classifying indi-
vidual respondents’ financial strength as best, medium, or weakest, he
found that those in the weakest group were somewhat more willing to in-
sure. This was less true in high-risk areas, where premium rates were an
obstacle to participation. The investigation also revealed that tenants were
slightly more likely to insure than owner/operators and nonfarming land-
lords. Surprisingly, farms heavily dependent on wheat income were less
likely to insure than diversified farms. (It should be noted that Clendenin’s
conclusions on differences among groups were based on group averages;
no statistical tests were conducted.) Examining data on county premium
rates and level of participation, Clendenin observed an inverse relation be-
tween the two. Participation volume was substantially greater in the low-
premium counties. He concluded that the demand for crop insurance was
sensitive to price, as might be expected.

Several investigations of the characteristics of crop insurance partici-
pants and nonparticipants were conducted as a part of the Great Plains
Regional Project GP-8. In an article summarizing the survey results from
six states and more than 500 respondents, Loftsgard (1967, p. 34) noted
that ‘“‘a comparison of these characteristics, for farmers who participate
versus those who aren’t participating in the program, reveals little . . . for
all the states studied, the only consistency observed was that participants
are slightly older and rely more heavily on cash-grain income than nonpar-
ticipants.” Most farmers who participated reported that they did so pri-
marily to protect their investments in production expenses. The predomi-
nant reason given for nonparticipation was that the level of protection was
too low. When farmers were asked their opinion of the programs, many
expressed dissatisfaction with the length of time between inspection of loss
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and payment of indemnity. The majority of participants and nonpartici-
pants were in favor of changing the program to allow contracts for separate
fields or tracts. Farmers tended to oppose multiple-crop contracts, be-
cause these reduced their chances of collecting indemnities.

Shipley (1967) examined the relationship between FCIC participa-
tion, soil type, and groundwater availability in northwest Texas. The rate
of participation was significantly higher among those farmers with a poor
water supply and with difficult soils. Examining demographic and other
characteristics of participants, prior participants, and nonparticipants, he
found no significant difference in age, education, number of dependents,
experience, or yields. For approximately half of the farmers surveyed, crop
insurance substituted for diversification as a risk-management tool.

Bray (1963) and Starr (1963) surveyed FCIC participants in Ne-
braska. Bray found that most of those interviewed were strongly in favor of
higher levels of coverage and said they would have been willing to pay
higher premiums for increased protection. Crop insurance appeared to aid
farmers in obtaining credit. Farmers in Starr’s sample thought that con-
stantly increasing yields were the cause of inadequate coverage levels.

In North Dakota, Delvo and Loftsgard (1967) surveyed farmers with
FCIC insurance and farmers who had canceled it in the period 1960-62. In
low- and medium-risk crop areas, participants operated the largest farms.
In high-risk crop areas, nonparticipants operated the largest farms. Aver-
age crop yields and production costs were about the same for both groups.
Nonparticipants believed that the probability of collecting an indemnity
was too low to make crop insurance worthwhile.

A 1965 study based on survey data from Virginia and Montana
found that insured farmers were in a somewhat riskier situation than their
uninsured counterparts. They were less diversified, less likely to have irri-
gation, and had smaller incomes, fewer savings, and larger debts. Lenders
reported better loan collections from those growers with crop insurance
(Jones and Larson 1965).

Beeson (1971) conducted a personal interview survey of East Tennes-
see tobacco farmers in 1969. Total farm income and total assets were sig-
nificantly higher among those who did not purchase FCIC insurance.
Those with insurance obtained a higher percentage of income from to-
bacco, while those without insurance obtained a higher percentage of in-
come from livestock. In contrast to the findings of Jones and Larson, those
farmers without insurance had a significantly larger amount of debt. If
FCIC insurance had not been available, 65 percent of those insured indi-
cated they would not have made any changes in their operations; the rest
would have substituted private hail insurance. Of those who had dropped
FCIC insurance, only 9.4 percent did so because of the level of premiums.
Most had dropped because of insufficient amounts of coverage or dislike of
loss adjustment procedures. Only 2.5 percent of the nonpurchasers said
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that lower premiums would have induced them to purchase insurance;
73.8 percent said no changes in the program would cause them to pur-
chase. -
The first in a long series of simulation studies was conducted by Bar-
ber and Thair (1950). They constructed time series of net after-tax income
with and without crop insurance for a Kansas grain farm and a North Da-
kota grain and livestock farm. Using constant input and output prices,
and experiment station yields for 1915-48, they examined the effects of two
types of crop insurance—wheat insurance only and a multiple-crop insur-
ance plan. Crop insurance of either kind resulted in greater income stabil-
ity for both farms, as indicated by higher average net after-tax income and
by fewer years of negative income. (The authors did not report any vari-
ability measures.) However, there were as many years with insurance as
without in which net income fell below estimated living costs. The authors
suggested two program changes that would lead to greater income stabil-
ity: (1) a higher yield coverage, and (2) premium payment only in years of
above-average yields.

A similar study of a Montana wheat farm (Heisig 1946) demon-
strated that crop insurance over the 1919-44 period would have resulted in
sufficient income every year to cover cash operating expenses and family
living expenses, except for minor deficits in a few years. In contrast, with-
out insurance the farm would have experienced large deficits in five of the
twenty-six years. However, Heisig pointed out that even with insurance,
there would in many cases have been insufficient income or reserves to
make debt payments and to replace machinery or equipment during an
extended period of drought.

Another study of Montana wheat farms examined the effects of crop
insurance on firm survival (Rodewald 1960). Once a charge was made for
family living expenses, crop insurance alone was not adequate to guaran-
tee survival. However, the use of insurance reduced the need for borrow-
ing, while at the same time it enhanced the possibility of obtaining credit.

In another simulation study, Miller and Trock (1979) found that,
with a 50-percent level of yield protection, crop insurance was more effec-
tive than the disaster payments program in stabilizing income from dry-
land winter wheat in Colorado. However, this analysis did not consider the
relative cost of the two programs; that is, there was no adjustment made in
the income calculations for crop insurance premiums.

Kramer and Pope (1982) analyzed the effectiveness of the 1981 crop
insurance program in reducing risk for a representative Virginia corn
farm. Using stochastic dominance analysis, a comparison was made of
probability distributions of net returns for corn with and without crop in-
surance. The results suggested that crop insurance can be an attractive
option for managing risk. Similar results were obtained in a study by King
and Oamek (1981), which also used stochastic dominance analysis. For
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dryland wheat producers in Colorado, the investigators found that crop
insurance would be attractive, particularly after the elimination of the di-
saster payments program.

In the remainder of this chapter, we consider two aspects of the U.S.
experience in crop insurance. First, the demand for insurance—its re-
sponse to the rate of indemnity payout, the premium charged, the variabil-
ity of production, and various socioeconomic aspects of rural communi-
ties. This should help establish the conditions necessary for crop insurance
to be accepted and indicate the responsiveness of demand to reductions in
premiums relative to the average indemnity (for example, by subsidizing
insurance). Second, we consider the results of the introduction of crop in-
surance, particularly its impact on alternative risk-reducing activities like
crop diversification, fallowing, irrigation, pesticide use, and on farmers’
willingness to expand farm size or to increase fertilizer use. We wish to
know how much it may be possible to increase the ‘‘progressiveness,”’ spe-
cialization, and so on, of farmers by introducing crop insurance in areas
where it is unavailable.

The Demand for Crop Insurance in the United States
A Competitive Insurance Market

Crop insurance is a contingent contract, an agreement in which a farmer
pays a price (the premium), after which his crop output (yield) determines
a payout or indemnity. The contingency is that only certain (low) yields
result in indemnities, and yield is a random variable whose value is un-
known when the insurance contract is purchased. Sellers of insurance en-
ter the business in pursuit of profit. Therefore, the expected indemnities
must exceed the premium by the costs of writing insurance. The equilib-
rium condition is that in a competitive insurance industry there would be a
tendency for expected indemnities to equal premiums plus these costs.2
A farmer’s demand for a crop insurance contract depends on (1) the
farmer’s utility function for income, (2) his current income, (3) his subjec-
tive frequency distribution of future income, (4) the change in the fre-
quency distribution of future income generated by the contract, and (5) the
premium or price of the contract. Items (1) through (4) determine the re-

2. This would be true for the industry, and for each firm in the industry, and for each
contract written. However, there may be no equilibrium in a competitive insurance market
even if demand and cost conditions suggest at first glance that there should be. This situa-
tion, which depends on imperfect information about differences in individuals’ risks, is ex-
plored in Rothschild and Stiglitz (1976). The competitive market equilibrium conditions are
derived there for a simple two-state model.
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turns from insurance and item (5) is its cost. With a viable competitive (or
monopoly) insurance industry, the expected returns must fall short of the
costs.

The preceding argument can be restated in terms of the demand for
and supply of insurance as in figure 12.1. With risk-neutral producers, no
insurance is sold. How much a producer will pay depends on his utility
function, his income (unless the utility function exhibits constant risk aver-
sion), and the nature of the insurance contract and how it fits in with his
portfolio of other activities.

As risk aversion varies from producer to producer, this can generate
a downward-sloping demand curve for insurance, as in figure 12.1 where
the equilibrium amount of insurance written is Q,, and the corresponding
premium is P,. Quantity of insurance refers to acreage or bushels covered
and is limited by the crop acreage (although this is not a necessary con-
straint—one could have side bets on crop outputs as we do for prices in
futures markets). In what follows we use as our quantity variable the per-
centage of the crop covered. Note that one should not imagine the terms of
the contracts varying as Q varies. Separate supply and demand curves are
necessary for each type of contract written.

Government Involvement in Insurance

Even if farmers are risk-neutral or not risk-averse enough to generate a
viable insurance market, one can be created by having the government of-
fer insurance at a premium that does not cover all costs. Thus in figure
12.1, the government could get the risk-neutral producers to buy quantity
Q, by selling insurance at price P,. Alternatively, in a market context, it
could accomplish the same objective by paying a subsidy of P, — P, on
privately issued insurance.

Why a government would wish to promote the use of insurance by
farmers will be covered later. The point here is that the United States has
provided crop insurance, and there has been sufficient experimentation to
permit the estimation of some aspects of the U.S. demand for insurance.
The relevant history was discussed earlier. The FCIC experiments are use-
ful for present purposes, because crop insurance contracts for different
crops in different counties vary considerably in their ratio of indemnity
payments to premium payments over a long period. The loss ratio is in-
demnities divided by premiums. For the United States as a whole, in the
1948-79 period, total indemnities were $1.21 billion and premiums were
$1.26 billion, for a loss ratio of 1.21/1.26 = 0.96 (FCIC Annual Report
1980, p. 22). Thus if administrative costs were negligible, FCIC insurance
would have been a profit-making business. FCIC estimates of these ex-
penses add up to $351 million for 1949-79 (FCIC Annual Report 1980, p.
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FIGURE 12.1 Demand and supply curves for insurance

17). Therefore the economically relevant loss ratio is (1.21 + .35)/1.26 =
1.24. This figure indicates that there has been roughly a 24 percent subsidy
to FCIC crop insurance, in the sense that a break-even (and untaxed!) pri-
vate insurance industry would have charged premiums 24 percent higher.
Even so, overall participation has been low, as discussed earlier.

Empirical Estimation of U.S. Insurance Demand

The relevant experimental data are variations in participation by crop and
by county. They range from practically no participation for some Middle
Western grains programs to more than S0 percent (more than half the eli-
gible acreage) for tobacco in some Southeastern counties. The empirical
question is what explains this variation. In the only empirical study of the
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price responsiveness of demand for U.S. crop insurance in the literature
reviewed earlier, Clendenin (1942) explained farmers’ participation rates
as a function of the premium rate charged. The premium rate by itself does
not determine the expected rate of return to investment in insurance, be-
cause the expected indemnity is not held constant. Of course, almost 40
years of further experience gives a better basis for estimating expected in-
demnities.

Our sample consists of fifty-seven observations in 1979. The counties
and crops sampled, together with participation rate, premium rate, and
past indemnity rate, are shown in table 12.1. The sample is not a random
drawing of county programs. It was selected to obtain both high- and low-
participation counties, and to obtain some counties located near counties
with no FCIC program for purposes of the comparisons made later in this
chapter. There is also some clustering in relatively few states in order to
make data collection easier. However, the sample was not selected with
reference to any independent variable to be used in the following regres-

TABLE 12.1  Statistics on FCIC insurance in a sample of 57 U.S. county programs, 1979

Premium Expected Expected

Percentage as percent return as rate of
of acreage of percent of return to

State, county, and crop insured liability liability insurance
Arkansas

Arkansas, soybeans 2 5.2 1.50 —-71.2

Jefferson, soybeans 6 6.6 5.60 —14.0
California

Kern, cotton 7 49 4.10 —15.5
Colorado

Cheyenne, wheat 18 21.6 16.60 -229

Logan, wheat 29 10.6 7.30 -313
Georgia

Bullock, tobacco 11 6.3 6.70 5.8

Bullock, peanuts 8 4.7 1.80 —61.3

Coffee, tobacco 36 2.8 4.70 69.3

Coffee, peanuts