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%$STRACT ”’
‘e . /
This thesis fulfills a three-fold purpose. First it
analyses the implicatigkb of agricultural uncertainty on
peasant decision making. Specifically, it considers

production and migration decisions and explains the role

of sevgral peasant practices and‘institutions in these

contexts. Second, it investigates the impacts of various
\\public policies on peﬁgant's behavior. In this connec-
tion, a numbgg‘of puglic policies including institutional
reforms, fiécél policies and investments in agricﬁlture,
and socigl services are considered. Third, it suggests
suitable'moéifica;iong iq theiéxisting public policies and
recommends new measures in thé light of the theoretical
results obtained. These include effective implementagion

LY | >

of land reforms, systematic investments in minor irriga-

tion and othgr risk-reduciﬁé measur®s as welliés social

gervices and introducfion'of‘a crop insurance brogram

along withhprogressive agricultural income taxation. oo
The bﬁesent study is essentially an application of

the ecanomic theory of uncertainty to peasant decision-

. A
making. In the introductory chapter a brief description

] of the role and significance of uncertainty in peasant

agriculture is presented.
A simple decision model of a typical peasant farmer,
facing output uncertainty is introduced in chapter two.

‘After deriving the implications of uncertainty on his
: ’ 2

iii




factor use, the effeets of vaq’ous public poliéié$ on his
behavior are investigated. This investigation is;done
essentially in a &mparative static frgmpwori. wﬁé}ever
poséible these' results are compared with the st;;éard
pol;cy prescriptions based on deterministic models: In a
numberkof Eases, it is argued’that optimél policies: are
different from the existing ones. ;Fﬁrther, the model is.
generalized to include input uncertainty also.

Chapter three dgals‘wifh‘the specific problem of
rural-urban migrdtion. For this, a modified version of -/
the mode} of,chaptér two is presentgd. Unlike the standard
theory of rural-urban migration, where only the urban in-
come is treated as uncértain, in the.presept analysis the
main stress is on the unce;;aipty of farm incdome. Within
this framework, the peasaht behavior as regards to migrat-
ion is analysed. The effects of a number of public-poli-
éies including investment. in agriculthré,_land reform ;nd
income tax, on migration are studied."

- Some of the policies discussed in chapters two and .
three have direct bearing on the elimination or reduction.‘
of ‘the impact of uncertainty. But elimination or reduc-
tion of agricultural;uncertaipty may not be always feasible
or desirable. In such cases the best §§' tion would ' be to
transfer the risk,to an agency best ablel/ o Bear this ;:isl?.,

The social and private benefits 6f such r{sk—transfer may

well éxceed the cos;s.

Taking these facts into account, in chapter four a




»
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general equilibrium theory of crop .insurance ié’déveloped.

- It begins with clarifications of certain coqpeptﬁal and
analytical issues‘which‘demonstrate'the need for a separate
ﬁﬁéorétical analys%s of‘crOp insurance. Then, some theo-
re;iéal juétificétions'fof the non-existence of crop insuf;‘ .
ance markets is provided. And finally, a‘theoretiéal model
of a pgblic crop‘insuraﬂée is developed and its properties”f—

/ analysed. - L - . T ‘°(/ 'f
~ 'In chapter five the role of insurance in éeneral and

crop insurance in particular is discussed. Also, the

distinct problems of éfop insurance are presénted and the

— .
s

traditional insarance surfqgaée institutions and-prac}ices
analyéed. ’Further, a'viable crop‘insurance program
specifically, £; the context of India, is developed.

| The final chaptér attempts a brief appraisal of the
findings aﬁd their relevance to practicing developmeqt
planners and policy mékers.‘ Alsoﬁvthe 1imitations'of the
study and the scope for further ;ﬁeorétical and empiric$l .

- ?

, :
investigations are indicated. , //

3 .
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CHAPTER l'
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INTRODUCTION -

,f

‘The twin ébjectives of most developing countries are
economic. ‘growth énd~socia1 justice. As the largest econ-
omic éector in theseé countries, agriculture can play a key
role to achieve these objectives. However, from a careful
scrutiny of the deveibpmental efforts during the lasf'
qugiter century, one gets the gmpression that barring few
important exemptions, most countries tre&;ed agricultﬁre
as an obstacle -to be overcome rather éﬁan as a foundation
upon which to’build. Fu‘Fher,‘wherever there were de-
velopment programs directed at agric&lture, the benefits
have in general accrued to a minority of wealthy farmers.

An immediate result of heav§ emphasis on growth
through industrialization has been increased income
differentials between ﬁrban and 1ru1;al éregs. In many
casés, the abject poverty in rural areas has resulted in
large-scale migration to urban centres. Another aspect of

industrialization is.the wrong choice of technique. 1In

majority of the cases, the technology adopted was capital-

intensive, even when huge back-ibg of unemployment and

NG

-




‘underemployment existed.

Within the agricultural sector also, the income in-

equality between the very rich and the vast majority of

the poor has increased as a result of the preferential
treatment received by the former. Further, certain public
polic;ss, like subsidizatioh(of agricultural mechaniza-
tio;i resulted in substantial labor replacement whiéh led
to staggering rural povérty or enhanced urban unemployment.
Thus most of the benefits of developmentprograms by-
passed a significant’seg&en% of tﬁe population in he?glop-
ing countries, name}y peasantry, which consti&ptes more
than ;;xtf percent of the popula;ion in most of these
countries. They still'remain la;gely outside the entire
development effort, neither able to contribute much to it,
nér benefit fairly from it. Also, in countries where sig——
nificant real econgmic growth took place, c§$siderablé
portions of the gains were absorbed by the @hprecedentéd
population growth which took place during the last three
decades. -In short, even aftera quattér century of efforts
by the domestic governments and internationalﬁbommunitf,
the problems of economic devélopment andAeconomic-equity
looms large for mbre than half the world population. Apart
from the staggering human misery invol.ved, these problems
create acute social tensions within and between regions
" and countries which threaten the very fo/undétions of civ-

ilization. .

It may be uncharitable to the economic science and




a,‘ _
the profession to argue that all these problems are the
.results -of the applica}ionnbf mistaken theories and mis-
placed public prioriﬁies. However, a thorough scrutiny of .
the public Q§licies pursued by many of the developing
countgies, clearly indicates that the policy prescriptions
ﬁfased on deterministic economic'models were faulty. Thus,
Hapathy towards new techniques and fnputs, bonded 1lagbor,
share-cropping tenancy, divisibn of éihgle,holding into
several scattered plots, payment of interest on loan in
kind at a higher rate than in cash and maﬁy other conven-—
tional practices and institutions could not be explained.
To brand the peasantry as 'irrational' or 'change-

resistant' and to ignore them, when their economic behav-

ior could not be explained by the conventional economic

’

: , / |
An important aspect of peasant life-is the unsteady

thifry was a serious fault. '

nature of income. Uncertainty of'incomé, éspecially in
tropical soéieties, is mainly due to the vagaries of
nature. This uncertainty plays a critical role in peas-
ants' ecoromic decision making. Most of the economic and
social institutions aﬁd ev;n their religious beljefs and
spiritual outlooks are characterized by this impbrtgnt
factor: Any serious attempt at explafhing peaé&n? ration-
ality and formulation of economic policies for t?e uplift
of the;pgasantary should take this important factor into:

consideration.

The purpose of this Ahesis is threefold: First, to

b




analyse the implications of agricultural uncertainty on Y\\
peasant decision making. Specifically,‘Wé*consider the4>
production decision and migration decision and explain the
role of several peasant practices and institutions in
these contexts. Our second purpose is to e}plére the im-
pacts of various public policies on peasants' behavior.
Here we consider several pﬁblic‘policies including insti-
tutional reforms, investments in agriculture and social
! s
éervice sectorgjand fiscal policies. Our third purpose is
to suggest suitable modifications in the existing public‘

policies and to recommend new measures in the light ®f the
A}

theoretical results. This includes effective implementa-

tion of land reforms, systematic investments in minor

irrigation and other risk-reducing measures as well as
social éervi:ces and introductionof a érop insuraﬁce prégram
along with progressive agricultural income taxation.
presentichabter contains a brief descriptioq of
the rPle a signifiqé? e of qpcertaiﬁty in péasant agri-
culture and presents thetméthodology and -scope of this
study. Chapter Ewo is devoted to the'devélopment‘of a
theory of peasant farming under uncertainty, ;nitially,
the discussion is restricted to output uncertainty alone,

but ‘subsequently simultaneous uncertainty in output and

inputs are introduced. :In chapter three the impacts of

LSS

égricultural output uncertainty on rural-urban migration
are explored. In chapter four a general equilibrium:

theory of crop insurance is developed as a public pblicy.




Chapter five is devoted to a discussion of the role of

agricultural insurance in peasant economies. - The-finai
chapter o fers some concluding remarks. -
As should be expected of any theoretical study of
this kind, the policy conclusions are of ééneral nature,
Results are not developed to the level of policy p;esc;ip-
tions, 'but rather, theymore modest goal is pursued of pro- (
viding a better unders%;HHing of the implications of .

various public policies under uncertainty.

o 2
‘ N LN
>

I.1. Uncertainty and Economic Theory

Almost every mode‘ofieéonomic behavior:is influenced .
by uncertainty.d The farmer faces uncertainty about weather
as well as the ougbut price; the enfrepreneur in a mechan-
ised industry is not affected that mucb'by thg»xggariés of
weather, but he may have to cape Qith the vagaries of tﬂe
employees or break-down of machines; the numbér of custom-

.

ers visit%ng a store on any day is random; at the country
level, the foreign demand for its products may be sté—
chastic, or the foreigﬁksupply of raw materials méy be
random. Yet, it is only recently that the ecopomist has

4

begun to analyse the decision making of individuals under

.conditions of uncertaihty.

In the past few decades, economic theogists have be-
coﬁe progressively engaged in developing models to account
for the presence and iﬁpact of uncertainty. 1In conven-

tional micro models past and future are collapsed into the

J
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predent and the current environment is assumed to be per-

fectly perceived by everyone concerned, at no cost. 1In

) 'ﬁuéh models there is little scope for past experiences and

ol - Y

. anfieties for the future, lack of knowledge and control
over the environment, paucity and cost of information and ’
- hopes and regrets -of the individual. ’ .

, The theory of'decision making under uncertainty tries.

‘\*); to explain one's choices amohg alternative courses of

'iaction in situations where an action does not uniquely
determine the outéome.‘ In otpefﬁ;ords, the theory deals

4
with ghoiceé,among probabiiity distributions. When one

' descriBes decisioh making under uncertainty as a choice
v aﬁong probability distributions, one assumes implici iy>
that the decision maker is‘able or willing to assign proba- -~
bil%ties to the different'outcoméS'which~can result from
h{gfdecisions. In deterministic theory it is not custom- ’
S (% arf to differentiate between actions and their consegquen-
| cesg since thg two.have one td one correspondence. In éhe ) =
. © theory of choice under risky conditions, one of the chief
problems is the description of conseguences which are ;ot
certain and therefore certainly not uniquely related to
actions. —_— - .
ﬁncgrtainties affect economic behavior and behavior,

in turn, influences the incidence of uncertainty. Indeed,

this could be an economic rationalization for the belief

in 'Karma'.l An individual's choice of action in any con-

"

text depends upon his subjective or objective belief about




: the results and when there is uncertainty abouw this for °

at least some options, upon his attitudes with .respect to

-«

= the anring of fisk. The behavioral mode based on the
theory of risk aversiéh2 has emerged& as perhaps the most
important analytic contributfgq éf the uncertainty view
and it has been already appli;d<to a considerable spectrum

of economic settings.

*

-

I.2. Uncertainty and Peasant Agriculture y

A survey of the theoretical literature on uﬁcertain—

ty clearly indicates thaé most of the models are basgd in 5
the context offfinancial mirkets and modern competitive
firms,'though it is well-known that'agriculture is a prime
, example of an area involving uncertainty: Agfiﬁulture is -
subjec% to exceptional elements of‘uncérfainty. These are
partlyvdué to the hazards/;nseparable from an industry

which is based on natural-biological proéesses. There are

a few recent studies in. agrigultural economics where un-
certainty theories fpund’their applicatioﬁs. A brief

critical survey of this literature is attgﬁpted subse~

guently.
Though the effects of natural hazards on farming are

—~now considerably reduced in developed countries, agri-

culture in most developing countries still depends to a

large extent on the hazards of nature. For obvious rea-

» .

sons, deterministid models are not suitable to explain

. many features of the economic behavior of peasants in these

3
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societies. Apathy towards new techniques add inputs,
bonded labor, share-cropping ‘tenamcy, a single holding
d1v1ded into several tiny patches, payment of interest on
loan in kind at a higher rate than in cash and many other
conventional.practices and instituticns remain unégblained

or rest as issues of theoreticalxgontroversy.

e

oo R

Indeed, the usual 'tradition-bound poor-peasant'

e

explanation of lack of innovation, in many countries, has

led to a policy of directing agrigultural development pro-
. ) \
grams towards the relatively wealthy farmers.3 This '

growth-oriented approach‘worsenedarural inequalities in

some areas where agricultural progress has been substan-

-

tial, as revealed U?-recent'empirical studies. 4

“An attempt is made in the present study to show that

4

1f\‘éasan ts are considerediasjlssential1y operating under

_ conditions of uncertainty, most 6f the apparently irration-

al behavior can be given economic rationalization.

Innovative behavior,'paiticularly in'agriculture, in—’%
volves added uncertainty. The situa;ion is made riskier; #
because frequently a coTpinatlon of new techniques and in-
puts is necessary for the individual items to have bene~
ficial effects. Thus a high-yielding variety of rice,
particalarly sensitive (o pests, may prove to be disas-
trous in the absence of pn?per pest1c1des. Similarly, in

an inadequately watered region, fertullzer raises the:

average output as well as the variability of output.

The risk of harvest‘failure, like any uninsured risk,
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assumes immense proportions for a poor farmer. A good
m)

harvest may mean & better standard of living for him and
his family for a season.’ *But a bad harvest may imply any

one or more of the following: - a) semi-starvation,

b) crippling burden of debt, c) 'distress' sale of his..

land well below the market price or d) bonded labor for

. "

himself and his family. 1In most of the peasant societies,

_the collapsing exténded family system has not been re-

. -

placed by publig protection from private disaster. 'It.is
) ‘ N T
known that risk premium5 is an increasing functioh of

rigsk and a decreasing funct:i\.“on of assets. Indeed, ‘or
fafmers, because- of their very boverty itself, may be more
} . i
risk averse than rich féfmers and hence shy away from in-
névation and change. g

The reduction in family holding size, as population

grows, will increase the sensible safety--fq’.rst6 propensi-

- ties of the farmer. Because of unprecedented population

growth, in most of the tropical agriculture, each new gen-

" eration of rural decision-makers inhérits a man-land ratio

almost double that thits immediate predecessor.
In the aﬁove context most of the seemihgly paradoxi-

cal institutions and practices in traditional economies

may be manifes£ationq of the ;extreme risk averse behavigr

of the.poor. Aiso, many spperficialiy odd peasant praéti-

ceg may maké sense as di;guised forms of insurance. Thus

it is clear that any meaningful model used té explain ‘

-

peasant behavior aﬂd to prescribe public policies shoﬂld

4




explicitly take account of uncertainty. Before introduc-

ing the methodology and scope of our sfudy, a short

historical perspective appears to be in order. .

S

I.3. Role of Agriéufturé in Economic Development - A

Retrospection

The hiétory éf‘modern economic growth and development
is essentially a history of industrialization. Most of
the present-day deyeloped eCohomies stdrted their growth
by stepping up investment in industrieé,\ To a large ex-
tent reéburces and manpowér fg:'ipdhstry were draQn ffom
agriculture, thoﬁgh p&?tfogvihe fésoufbés might.have‘comé
Afroﬂ?mergantile_capital. The centre-of gravity of the
. economy shifted from agricuitufe'tb industry and Iéhd‘lost

its“significance as the‘li@itiné factor .qf érd&%h.ﬁ’The
key input of industry was capital; but .capital ;as.éverQ
growing in laissez-faire caéitalist'ec;npmies.m Indeed,
the main concern of the ciassical“écohomists, namely
economic growth, ceased to be a problem. Xlsé, th;;réle-
vance of the dire consequences of Malthusign_pqpﬁlatign
dilemma was lost to most of the industriai world. The -
_man—lan& ratio in agriculture gradually diminished-due tg
industrial labor absorption and migration to the new
world. A

The succeeding geneiationé of economists concerned

themselves with the task ‘of developing a theory to deal./

with the efficient allocation of resources in a market




'econemy. One of the implicit conclusions of the neo-

classical economic theory is that saving and investment
ere always forthcoming to assure a reasonable level of
economic growth. Also,. the question of .income distribu-
tion was never an integral part of the modern economic
theory. The tacit assumption was that in an ever-growing
.econQmy, incomes should be iﬁcreasing for everybody, any-

s

way. Further, any inevitable income transfers were assumed
te be achieved hy piiéate.qharities supplemented by govern-
ment's non-distortionafy income.redistribution programs.
Perhaps the most 1mportant post-war phenomenon on
ve international &:;ene is the emergence of a large number
of developing countries, as separate economic entities.
Most of them are former colenies of the industrialized ’
gountries and together they contain more than Eyehthirds
‘of the world‘Populatien. Though these countries vary
videly in economic and other chafebteristics, there;are a
few ;triking economic characteristics commoe to almost all
of them: 1) Vaet majority of the population depend on
agriculture for theirlliving,‘Z)'In ma¥t of ehese countries
farming is a way of life rather than an economic enter-
prise in the modern sense except for some plantation
industries, 3) In most cases eutput apd income from farm—
ing are very uncertaiL due to meteorological conditions
and other natufal hazards, 4) Many of these countries,

.

though not all, experience very high man-land ratio in

%

+ agriculture and 5) All of them haye strong desire for
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achieving fast economic development.

[y

fﬁe branch of modern economics, usually referred to
as"development economics' is the result of a good number
of economists' attempts during the past few decades to
find an answer to the problem of underdevelopment of these
countries. Almost all pioneers: in this field identified
the main obstacle to development as the probfem of low
savings and investment in industries.7 A number of
theories have been developed to explain the existing phen- <i—\\\
omena and to suggest solutions.8
’ Though there.are considerable differences in apééoach-
es and upderlying assumptiqns, the pol%cy prescriptions ~
based on these modeldd are invariably tile same, namely
mobilise resources, as much and as fagf as poséible, and
invest them in industries. For most of the eminent de-
velopment econohists, the infériority of agriculture to
industry 1:3 qguite clear.9 But, historicaliy, industrial-
ization was facilitafed b& an appropriate growth %n the
agriculturéi sector, in the U.K. and Western-Euroﬁgx\U.S.A.
and Japan. In these countries,‘agriculpure suﬁplie\ not
only food and agricultural raw materials, but also t
market for industrial goods as well as the regquired quor
force and savings. , ; o \ -
A good number of developing couqtries'did pursue Qhe

path of fast industrialization. A brief overall picturé

\

. - |
of these countries may be summarized as follows: }) Vary-=

ing levels of industrialization took place; but vast K .|

\ . ' ) \
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majority of pqpuiation still dependson traditional agri-

L3

culture for its survival. 2) In most cases the industri-
al‘techndlogyJ@doptea was capital-intensive type perfected:
in devgloééa'countries in the’face of labor shortage.

'3r The\rﬁral—urban income disparity increased considerably .

and this led.to large scale migration‘from countryside " to

\cities even when uﬂemployment and underemployment in urban

areas were high.‘54) Public health measures, éspecially
control of commﬁiicable diseases led to a substantial re-
ductiof® in mortality, fertility remaining more er less
unchangéd, causing an accelerated population growth, wﬁich‘
. * s
resulted in substantially reduced per capita growth com-
pared to the.giowth of natioﬁal income.
’ Tha abové,scenario characterizes most of the de%elop—

ing economies today. The ¢ ical dual nature of these

economies has 'not cha resumed linkage effects

[ -
6f,industrialization on the“ﬁfral sector of the economy
. : . , N

did not materialize. The economic impacts\ of modern-® .

industrial activities of -the urban ce ve been
L Y .? ~

. . / '
minimal.on the adjoining rural populations. In most cases

they céntinué tﬁgcultivate‘theii farms in the age-o
fashion within the old i;stitutional ;ramework:

As the largest economic séctof in most'developing
coun£ries, agricultufe'inevitably plays a key role in

their development, either as an obstacle to be overcome or

‘as a foundation upon which to bﬁiId. But unfortuna€ely in

most cases it was the former'role that was stressed.




But, the industrial fundamentalism of the fifties
and sixties is losing its significance to policy makers
as evidenced from statements like that of President
Nyereye of Tanzanialoz "Tanzania will continue €o have
predominantly rural economy for a long time to come. _As
it is in rural areas that people live and work, it is in
the rural areas that life must be improved. It would be
. grossly uhrealistic to imagine that in the near future
more than a small proportion of our people will live in
towns and work in modern enterprises”.

Also, the view that gfowth without distributional
consideration qhoﬁldfnot be pushed too hard has become
prevalent?ll Development policies cannot treat the well-
being of most of the ﬁophlation as an ins;rument to achieve
growth rather thgﬁ ap objective of policy.

It should be stressed that the foregoiﬁg discussion
does not imply that’industries are to be neglected. In-
deed, éome of the most chronic difficulties of agriculture
can be effectiveiy resolved 4nly by developments in the
non-agricultural sectors of the economy. Our only impli-
cation is that agriculture is too important to be left to

develop by itself while national planning concentrates on

A . -
industrialization.

I.4. Peasant Decision Making
A vast literature has been accumulated in tﬁe process

of economists' attempt at explaining the behavior of poor

4

14
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farmers in traditional societies. The fundamental gques-
tion is whether the standard theory of economic behavior
and organization could be of much help in analyzing the

peasant decision makingi

Agriculture in developed countries iézgenerally con-
sidered a typical ekample of neo-classical perfect compe-
tition. How far is this true in underdeveloped, climati-
cally uncértain, subsistance farming? If the peasant is
an optimiser in the above sense, he must allocate pfoduc-
tive factors so as to equate the marginal value-product of
each factor in every use. But, as was discussed in
section I.2, several practiqes and institutions in peasant
societies apparently do not conform to perfect competit-
ion. -

Furthgf, several economists and scholars of other
disciplines put forward various hypotheses, based on casu-
al empiricism, to the effect that peasants do not respond
to economic incentives; but their behavior is conditioned &
by ifistitutional and cultural factors. Thus, for example,
the 'mythical' backward-bending supply curve of labor
based on the hypothesis of 'target income'12 implies that
wage incentives have the perverse effect of decreasing
labor supply and output. Of course, backward-bending
supply curve of labor is a defensible concept on theoreti-
cal grounds. But that is beside the point. The main

issge is that if such were the actual situation in peasant

economies, ordinary economic analysis can do little to




enlighten development planners and policy makers.

~

I.4.1. Efficiency f Peasant Farming

A significant thesié, now of classic importance, was
put forward by Theodore Schultz [1964]. Defining alloca-»
tive efficiency in terms of profit maximization,“Schultz
hypothesized that tﬁere age comparatively few significaﬁé
‘inefficiencies in the allocation of the factors of pro-
duction in traditional agriculfure. The basic premise of
his thesis is that there is nothing In the.peasant econo-
mies which cénnot be fitted into the neo-classical frame- -
work. )

Schultz built the foundations of his 'Transforming
Traditional Agriculture'’ priharily on two empirical .
studies, one by Sol Tax [1953] in a Guatemalan village and
another by David Hopper [1965] in an Indian village. The
overall conclusion from both these studies was that peas-
ants are efficient but poor. Schultz's policy conclusion
is that no appreciable increase in agricultural production

is to be had by reallocating the factors at the disposal

of farmers who are bound by traditional agriculture.

But these conclusions follow only undexr the assumptioﬂ.

of perfect competition. 1In particular, a perfecﬁ_market
in factors and products must exist, and each farmer must
be able to predict with reasonable confidence, the outcome

of each array of production, consumption and sale decisions

at his disposal. Of course, all these were expiiTitiy-or

L1




- .
s e 5 AN

—— e

g,

implicitly assumed in both Tax and Hopper studies.>
Schultz further argues that pe;sdnts, though efficient,
are poor because they live and operate in a static envifon-
ment. Farmers, on their own, are incapable of getting out
of this secular stagnation. They have no incentives to
work harder or save and invest more, bécause in this static
'
environment marginal products of all factors are negligi-
ble. ~ 4
As ﬁichael Lipton [1968, p. 325] puts it, this is a
d;ctrine of revolutionary pessimism. There is* no scope
for small changes and improvements. Either a social revo—n
luti;n of immense dimensions should take place or a big-
push through huge public investments should take place.
Schultz recommended the latter and indeed, a number of
developing countries tried to préctice this.l4
We do‘not attempt a categorical attack on eitherfthe
arguments or the conclusions of Schultz. However, we have

some doubts about his basic assumptions of static environ-

ment and  the suitability of profit maximization as the

-decision criterion. The first question is whether the

kind of static environment visualized by Schultz is that
coﬁmon in peaéant economies. One important aspect of
traditional agriculture is its.diversity in farming tech-
nigues, practices and institutions. Even in the same
village different farmers may follow entirely different

farm practices.15 Also, varying levels of development

efforts are changing the static set-up. Moreover, when
!



WM e g inee

practitioner's prospects of surviving to complete the
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population-farmland ratio doubles in a generation, any
static relation simply cannot exist-if the rural environ-
ment. Last, but;g%t least, the environtent is per-
petually disturbed by the hazardé of nature in the least

2 =
predictable manner. 'In an {important empirical study,

'Daram Narain [1965] established that the most important

explanatory factor for the variation in cropped area ﬁnder
wheat and rice in India was rainfall, though the corres-
ponding factor for cash crops was market price.

The other important issue is regarding farmer's
optimising criterion. Even if one considers rainfall as
the only uncertain factor, it is clear that there is no
way of predicting i; reasonably correctly. In'genera};
the smaller the average rainfall, the greater is the co-
efficient of Qwariability.16 That is, the greater the im-
pact of future rainfall upon optimal policy, the smaller
is knowledge of that rainfall, and@he likelier the mar-
ginal value-product equalization to lead to disaster.

Even if one Sssumes that the farmer is an expected profit
maximiser, the logical dilemma remains. Expected marginal
value-product equalization is necessarily a long-run
éequential decision process. Compared with a lower mean,
lower variance strategy, this substantially reduces its

7
sequence. Therefore, the poorer the farmer, the strondgér

will be his incentive to reject this criterion. Arguments

about optimal policies based on false analogies with the

18

N




rich and risk-cushioned farmers of the west may not be

relevant in the case of subsistence farmers of peasant
economies. A bad year or two,’in-aﬂ optimal policy se-
guence will not prevent the western farmer from retaining
land and other assets sufficient to follow through the
sequence, but they may ruin a poor farmer -in India. His
first duty to his faﬁily is to prevent such ruin.

A well-off Prairie farmer may safely prefef a 50-50
chance to $50000 or $100000‘£o a certainty of $70000 per
year. An Indian farmer, gffered a chance of Rs X or
Rs 1000 as ag;inst a certainty of Rs 700 a'year with which
he barely feeds his family, cannot set X far below Rs A

700.17

I1.4.2. Green Revolution

Soon after Schultz put forward his thesis, many de-
veloping countries got opportunity to attempt‘t:ansforming
traditional agriculture through 'green re.volution'.18
Countries which were pursuing industrialization at the
cost of agriculture turned to green revolution as an
opportunity to modernize the agricultural sector. But
most of the enthusiasm of the mid-sixties was dampenea by
A early sevehties Qhen it'was generally observed that even ,

\ ]
with wide publicitzﬁ massive public investment and sub-

stantial subsidizatioﬁ,'the small farmers did not accept

C 4 19

the 'miracle’' seeds and accompanying technology.

Once more, skepticism was raised by agronomists, - L3




development planners and other field—experts.20 But even
‘ at the peak of greenlrevolution, some egonomists were
expressing'caution. For example, Wharton (1969, p. 466]“
\ warned: Attempté at change, especially those whicQ come

into direct conflict with the fundamental goals of security

‘
~

“ and survival, must take into accoﬁnt the degree of risk’
and uncertainty. associated with change. Risk is not the
only factor which retards development, but its elimina-
tion or reduction should prove a major stimulus for tech-
nological innovation and the modernization of subsistence
agriculture. éimilarly Barker [1969, p. 1] cautioned: The
i&wer e#pendi;ure for cash inputs may have reflected the
inability to obtain credit, but appears to have been more
hgirectly cgncerned with the higher risk involved on farms
witﬂ inadequa£e water control. Much of the rice growing
area of Asia is rain-fed. Farmers in these areas cannot
afford the risk of-applying high levels of cash inputs
needed to achieve the potential benefits from new varieties.
of seeds. |

There is‘general agreement that green revolution has
been successful 6nly Qhere the effects of natural hazards
are minimal and that too among comparatively rich farm-

ers.21 It may be that in the same area, profit maximizing

1

and risk-avoiding farmers operate side-by-side without + -

substantial competition. One could argue that profit
maximization is a special, case of the more general behav-

ior pattern qf'utility maximization. Poor farmers, while
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maximizing utility, place emphasis on survival when faced

with uncertainty. . It is common knowledge that innooativeqr

farming is riskier than traditional farming énd_the in-
vestment requirements are much higherfin the %ormer com-
pafed to-the'latter. Por example, an IRRI studyzl2 shows
that for a Filipino fice farmer,ytradiﬁional farming re-
quires $20 per hectare whereas IR-8 vafiety rice-cultiva-
tionlrequires $§20 per hectare.

The greater risk-bearing capacity of the big farmers

_ puts them in a more advantageous position to exploit the

new opportunities. Earlier, the inequalities of income

-

.arising out of the unequal distribution of land were to

£

some’ extent reduced by productivity differences between _
23

the small’and large farms, in favor of the small ones.

I

But, after the setting in of the green revolution,.- this
relationship has undergone a drastic change. The inverse
relationship hasnow yielded place to a positive relation-
ship.24 It implies that as farm size increases, iﬁééhe
increases more than propoitioﬁat;Ay. ?his sufficiently
establishes’the fact that in éreas where green revolution

was sucééssful, the income gap between the small and large

farms has widened.z5

Anothei'aspect-of the gréen revolution is large-scale

.

mechanization on the part of ﬁigger‘farmers and the

associated labor replacement &hich aggrévateé rural-urban

migration problem.- This issue will be dealt with in some

» [

detail, subsequently. SR (J/\"
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I.i;z} Decision Criterion

1f profit @aximization is uﬁacceptable as a model
for peasant behavior under uncertainty, what alternativesi’
should be.tried?26 Expected utility maximization is the
most widely used criterion in such contexts.’

Bu£ recently Roumasset [1976] argued that this

criterion ignores decision costs altogether. He contends

' that most decision problems under uncertainty are so

%
complex and decision coests so jmportant that expected

utility maximization is not a reliable guide to behavior.

He devises two £ules-of-thumb, based on lexicographic
safety—fiést priqciplés and applies them to data on
fertilizer—apﬁlication of Filigino rice farmers. His

major conclusion is that risk-neutrality is a better ‘
behavioial ;ssumptién>than risk-aversion tb-predict<the
behavior of these farmers: Furthér,-he argues that the
gbals‘of expected profit maximization and safety are not

in conflict for the fertilizer-application decision of

Filipino rice farmers and generalizes that.this should be

‘fihe case with all aspects of agricultural innovation.

We have gbne reservations about Roumasset's method-

* ology and conclusions. First, the basis for discarding

expected utility criterion is rather weak. The received

theory'of uncertainty27 firmly supports the soundness of

»

this critefion. It is too hasty to conclude that a rule-

of-thumb is to*be:preferred to a well-established criterion

"on the argument that the former is cheaper as a decision
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rule compared to the latter.
As for the findings, at the most one can say that a
ggmple of 67 comfortable Flllplno rice farmers did not

reveal any significant risk-aversion as measured by a

rule-of-thumb based on safety—principles as far as their

1 : fertilizer application decision was concerned. Though

the author uses the general heading of 'low-income farm-
ers' all indications28 suggest that he was not considering
the behavior of poor peasant farmers and as such his find-

ings dol not contradict the observations of Schultz, Lipton,

Wharton, Barker and others.

Recent fertility surveys in connection with family

planning programs in different developing countries have .

given a clear indication regarding the risk averse nature

of poor people's réproductiveAbehavibxj.29 ¥ many instan-

ces a large family is ‘the best security for old age.
‘e As explained earlier, many other institutions and \\\V-J
practices peculiarlto peasant societies are essentially
insurance surrogates. The poor, by the very fact of their
poverty, have little margin ﬂbf error. The very precari-
‘ousness of their existence habituates them to be cautious.
They may be illiterate. But they are seldom foolhardy.

To survive at all, they are forced to be shrewd and

cautious.
Summing up, we have strong reasons to believe that
:. uncertainty due to natural hazards is an important factor

- s -

affecting the decision process of peasant farmers in tra-




ditional agriculture. As such, simple profit maximiza-

tion-or utility maximization will have little operational

. significance in explaining their decisions. “Further, risk-

aversion as a behavior mode appears to be reasonable,
especialiy among poor peasants. Besides, expéct$d profit
maximization is a special case of expected utility maximi-
zation. So, for léck of good evidence, a general method-
ology is a better guide to behavior than its special case.

We admit that attitudes to risk as measured by risk-
aéersion will vary both among farmers and, for one farmer,
among different levels of expected income. In the subse-
quent analysis we make extensive use of the Arrow-Pratt
risk avérgion functions30 and their properties.

Y

I.5. Scépe of the Preseng\Study.

It may be already apparent from the thrust of our
arguments in the earlier sections that the basic focus of
our study is on the role of uncertainty in £réditionél
agriculture. 1In order to concentrate on the behavioral
iﬁplicatiéns of uncertainty oh production and consumption .
decisions, and to pxoject their relevance for§pub1ic
policies, we make some simplifying assumptions. First,
we assume awayvghe role of prices and price uncertainty
by restricting to real analysis. By this we do not imply
that demand and supply management through price policies
are irrelevant in traditional economies. At least in

some developing countries, price policies are effectively

-
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implemented‘.31 Indeed, this is one of our reasons for
implicitly assuming the absence of compensatory price
variations to oﬁtput changes: Also, in some countries,
non—mOnetized*subsistehce farming may be a significant
segment of the economy.

Second, we do not explicitly take into account, the
role of fixed capital in traditional agriculture and as
such we are not concerned with saving and investment also.
Though apparently this seems to be a limit;tion, some re-
flection may justify this. Most of the capital associated
with peasant farming are simple conventional tools,
structures, land improvements, simple irrigation devices
and farm animals. LIt may be reasonable to assume that
these are proportional to the farm size and as such are
* taken care of by our definition of the factor 'land’.
Further, we treat 'fertilizer' as a proxy for all variable
factors other than labor.

Structural and institutional imperfections in factor
and product markets in traditional economies are familiar
themes in development economics. Indeed, a number of

theories in the literature have their bases on one or

more such imperfections.32 In our analysis, we implicitly -

assume away such imperfeétions. Our main argument is that
most of these imperfections are direct or indirect mani-
festations ,of decision making under uncertainty. And one
of our principal endeavorsg is to identify thé most

effective public policy tools to eliminate or reduce such

25
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.vant tb, say coffee cultivation in Brazil33 and subsis-
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imperfections. ' . ‘o

As we have explained elsewhere, agriculture is the

»

largest economic sector in most developing countries. But,

'

the share of pegsant farming and the role of uncertaintyv

arising from natural hazards may vary substantially among

these countries. Our analysis is developed mainly in the
context of souﬁh and south east Asia, especially India;
where natdralwhazards of farming are very significant,
farm land 'is scarce, population is growing fast, average :
farm sizevis very small and where economic development is f
attempted without radical social revolutions. Availa- 5
biliEy of literature and'familia?ity with the instj ution—f
al set-up may be gonsidéred reasonable excuses for this
restriction.

However, the present analysis should be equally rele-

1

tence farming in Shahel region of Africa. Also, with some
I

modifications, our analysis can be used to explain the ‘

behavior o en, ‘along the entire coast of mainland

Asia, whose tg€hnology of fishing may be as trad%tional a
that of peasgnt's farming and whose dependence on nature'{
goodwill even greater.

In chapter two we introduce a simple decision model
of a typical peasant farﬁer, facing output uncertainty.
Aftef deriving the implications of uncertainty on his -

factor use, we investigate the effects of various bublic

policies including fiscal policies and institutional
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changes on his behavior. This investigatiﬂﬁ is- done

essentially as comparative'static analysis and by relat--

.

ing certain parametric changes to relevant policies.

P

. . “ .
Wherever possible, we compare our results with the stan-

dard policy assumétions, some of which arg based on

ot oems ranan -

deterministic models and others based on political con-
siderations and administrativesruleg-of-thumb. In a
number of cases, we argue that optimal policies are dif-
ferent from the/existing ohes. ,further, we generalize

. £he model to include input uncertainty also. Instead of
assuming that inpgﬁs are commiéted before farming and
hené!‘gfé not subject to uncertaintx_with the weather, it
may be more realistic tovassume that - the farmer adjus S
his decisions regarding the épplication of inputs as the

weather uncertainty unfolds, itself through planting, weed-

+

ing and harvesting seasons. Moreover, there may Se other
rarldom factors affecting the flow of éifferent‘inputs.
With this-realistic éenefalization, whibh-substantiqlly
complicates‘the model, the above analysis is;repeated._
Chapter three deals with the specific problem of
ru;al:drban fhigration. For this, we introduce a modified
5 v

bersion’of our model of chaptéxbywc. The standard

34 , . . . s .
theory on rural-urban migration in traditional economies

?

treats the wage income as uncertain, assuming that, the

farm income is certain. We are looking at the problem
from the opposite side, that is, stressing the role of

uncertainty in farm income. Expressed in the standard

. /

ks



ja;gon, we concentrate on the 'rural push' rather than
the 'urban-pull'. Within this framework,'we analyse the
peasant household behavior as regards to migration. The
effects of a number gf public policies including invest-
ment in agriculture, land reform, and income tax, on
migration are analysed.

In the earlier chapfers, we were concerned with the
implications of uncertainty on peasant decisions and the
impacts of gertain public policies on them. Some of these
policies have direct bearing on elimination or reduction
of the impact of uncertainty. But elimination or reduc-
tion of agricultural uncertainty ﬁay not be always feasible
or desirable. 1In such cases, as Arrow (1971, p. 143] .

rargued, the best solution would be té transfer the risk to
.an agency best able to bear this risk. The social and
pfivate benefits of such risk-transfer may well exceed the
costs. This is quite true in the case of much of the
traditional agriculture, most of which heavily depends on
the vagaries of the weather.

.Taking the;e facts into'accodnfs we devote chapters
four and five to develop a theory of croP\insd&ance. In
chapter four we develop a theory of crop insurance within
‘a general equilibrium framework. ' We begin by clarifQing
certa!h conceptual and analytical issues which demonstrate
the need for a separate the&retic analysis of crop insur-

ance. - Then, we provide certain th?oretical justifications

for the non-existence of competitive crop insurante mar-

)
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kets. And finally, a theoretical model of public crop
insurance is developed and its properties analysed. 1In
chapter five, we discuss the role of insurance in general,
and crop insurance in particular. Alsé, thevdistinct
problems of crop insurance are presented and the tradit-
ioqal insurance surrogate institutions and practices dis-
cussed. Further, a viable crop insurance program specifi-
cally, in the context of India, is developed. Y

The fiﬁal chapter attempts a brief apbraisal of our
findings and their relevance to practicing development
planners and policy makers. Also, the limitations of our
study and the scope for further theorétical and empirical
investigations are indicated.-

An appendix desdfibing, in simple terms, some of the

tools in the. analysis of behavior under uncertainty is. -

)
e

A
given at the end of the thesis.

)
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Footnotes

Two aspects of the Hindu and Buddhist belief in
'Karma' are alluded here viz. 1) .the results of one's"
actions are influenced by one's destiny and 2) the
destiny itself could be influenced by one's actions.

As developed mainly by Arrow [1965] and Pratt [1964].
The relevant parts of this theory are presented in
simple terms inan Appendix, at the end of the thesis.

For example, the Indian Agricultural Policy in the ’ .
mid-sixties as noted by Lipton [1368, p. 348].

' Some of the important studies are, Frankel [1971,

especially chapter 7], Bardhan [1974] and Saini
[1976]

For deflnition and other details, see section A.3
of Appendix.

For details, see Lipton [1968, pp. 340-46].
Nurkse.[1953] and Lewis [1955] are two good examples.

Balanced growth models, unbalénced growth models and
labor surplus models are some important examples.

For example Hirschman [1958, pp. 109-110] states
"Agriculture certainty stands convicted on the count
of its lack of direct stimulus to the setting up of
new activities through linkage effects: the superi-

ority of manufacturing in this respect is crushing."

This statement is reproduced in Bird (1974, p. 20]
from Development Digest, Vol. 8, No. 4, October 1970.

See for example, Frankel [1971, chapter 7] and Bird
[1974, chapter 2]. '

For a good exposition of tkis NHypothesis and its
empirical rejection, see Dean A1966].

For details, see Lipton [Ibid, pp. 327-32].
We allude mainly to the increased attention to agri-
cultural transformation in the wake of 'green revolu-

tion'. For details, see for example, S.Sen [1975].

A typical case of an .Indian village is described in
Lipton [Ibid, pp. 339- 42]

w -




. s p o TV

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26,

27.

28.

For empirical support, see Nagvi [1949}.

A similar example is discussed in more detail in
Lipton [1968].

This mainly refers to the introduction of high yield-
ing varieties of wheat and rice and the accompanying
techniques and inputs on a mass scale and the result-
ing abundant agricultural production.

For empirical support, see, for example Frankel
[1971].

For a variety of such views of an assorted set of
experts, see S. Sen [1975, pp. 3-5].

See Bardhan [Ibid], Saini [Ibid] and Frankel [Ibid].

International Rice Research Institute (IRRI) study
result as reported in Wharton [1969, p. 470].

This is empirically and theoretically supported by,
Bardhan [1973, 1974b}, H. Rao [1971] and Saini
[19761]. .

For empirfcal support, seq'Barhan [(1974b], H. Rao
[1971], Saini [1976] and Wills [1972]."

The associated socio-economic and political problems
are lucidly discussed by Frankel [1971] after an on-
the-spot study of -five districts in India, which were
covered by the Intensive Agricultural Development
Program of the Government of India and where green
revolution was most successful.

We do not explicitly consider Mean-Variance analysis,
as it is a special case of expected utility maximiza-
tion where 1) the yield distributions are normal or
2)_ the utility function is gquadratic.

As in Arrow [1971] for example.

For example: "Tenants are the middle-class of the
Philippine agriculture. Their essential duty is
management” Roumasset [1976, p. 97]. "Farmers typi-
cally live well above subsistence. Their daily fare
usually includes meat and vegetables, their houses
are usually permanent structures, they often have
non-farm income and they own farm and non-farm
capital goods" Roumasset [Ibid, p. 161]. "Since none
of the farmers considered starvation a feasible out-
come, the disaster level was defined as that level of
income per hectare that the farmer needs to avoid
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29.

30.

31.

32.

33.

34.

selling major non-liquid assets"” Roumasset [Ibid,
pp. 216-17].

See for example, McNamara [1977].

These functions and their properties are presented
in simple terms in an Appendix at the end of the
thesis.

The significance and effectiveness of agricultural
pricing policies in India are given in Govt. of
India [1974].

Examples are the various dual economy models and
surplus labor models.

As against the production of 28 million bags in 1975,
the estimated output of Coffee in Brazil in 1976 was

9 million bags' [Source: New York Times report,
January 11, 1977]. —

See for example, Harris and Todaro [1970].

s
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CHAPTER II

« FACTOR USE AND FARM PRODUCTIVITY UNDER UNCERTAINTY

I1.1. Introduction

In the past few years a fairly extensive literature

has developed that examines the economic behavior o#
modegn competitive firms facing uncertain environment.l
Agricultural production in peasant or traditional economies
is notorious for its dependence on the vagaries’of weagper:
To date, however, only a few attempts have been 'madez to
rigorously analyse the behavior of peasants in the face of

output uncertainty. In addition, it should be noted that

development programs and public policies in these economies

are based mostly on the conventional wisdom derived from

deterministic microeconomic theory. But, as was discussed

in chapter I, deterministi¢ models are unable to explain
many features gf peasant behavior. Apathy towards new
techniques and inputs, bonded labor, share-cropping tenan-
cy, a singlé holding divided into se&eral tiny patches,
payment of interest on loan in kind at a higher rate than

in cash and many other conventional practices and insti-

tutions remain unexplained or rest as issues of theoretical
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controversy.
h )

The purpose of this chapter is to develop a model of
peasant behavior under uncertainty and to analyse the
implications of various public policies in a typical

peasant economy. Wherever possible, an attempt is made to

compare the results from the stochastic anaiysis with the
usual policy pfescriptions based on deterministic models.
Further, we attempt to show that if peasants are considered
as essentially operating under conditions of uncertainty,

most of the apparently irrational behavior can be given

economic rationalization.

Given the introduction, the rest of the chapter pro-

ceeds as follows. In Section 2 the basic model with un-

certainty in output is introduced and some interesting

general results are derived. Section 3 is devoted to

;

comparative static analysis. Here we relate a number of

parametric «hanges to various public policies and derive

their implications on peasant behavior. In Section 4 the

| :

basic model is extended to include both output and input

uncertainty\simultaneously. In the final section some
concludin

remarks are made along with suggestions for

possible extensions of the present analysis.

I1.2. A Simple Model and Some Basic Results

Consider a farmer who owns 'H' hectares of land. He

uses two variable inputs,3 labour (L) and fertilizer (F) -

on his land to produce a homogeneous output (Q). 1In




a

addition, it is assumed that due to uncertain weather con- -
ditions the output depends7multiplicatively4 upon a non-
negative random variable  (r), the distribution of which is .

independent of the inputs. Total yield is given by

Q = HE(L, F)r . _ (1)

where f is the production function and L and F are idputs
used per hectare. It is assumed that the marginal products
of inputé are positive and that the production function is

concave. The nature of the distribution of r is character-

ised by its density function dF(r). The first two moments

are

E(r) = 1 and V(r) = ¢° < « (2)
I
Further %% > 0, that is r contributes to output in the
same way as non—randbm'inputs. The farmer's net income

(measured in units of output) is given by

Y = Q + w(L-HL) - pHF (3)
where w is the prevailing wage rate, p is the market price
of fertilizer and T is the total labour the farmer himself
supplies. It is clear that He seils his surplus labour at

the wage rate w if L > HL or buys his excess labor re-

quirements at the same wage if L < HL where HL is His
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labour demand.’ The advantage of this formulation is
that we, can separately analyse the cases of farmers who
are net suppliers of labor and demanders of labor.
Usually smaller farmers are the former type and larger
ones the latter respectively.

The ggrmer is assumed to maximise his expected
utility sf income by the choice of the amounts of labor
and fertilizer. Further, we assume that his attitude to-

) wards risk can be summarized by a Vén Neumann-Morgenstern

utility functioﬁ.6 Thus the mathematical formulation of

the farmer's problem is

Max

(L F] E[U{Hf(L,F)r + w(L-HL) - pHF}]

where E is the expectation operator. Assuming that
differentiation of expected values is permitted7, the

first order conditions for an interior extremum are

HEHW(n{ﬂ_pwn =0 o (4)

‘ A H E[U'(Y){fz r-p}l

|
o

(5)

where fl and f2 denate partial derivatives of f(L,F) with
respect to L and F respectively. Hereafter, for conveni-

ence we write U, U' and U" for U(Y), U'(Y) and U" (Y)

’ " respectively. The second order conditions require that

for a maximum:

A

| %
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2
- _ 9°E[U] _ " 12 '
A, = —ggg—— = E[H U {flr wl® + U fll r] <0 . (6)

and

D = > 0 ~ ' (7)

where

2
A, = 3—%9]— = -E[H U"{fzr—p}z + U'f

oF

22r] (8)

and

, .
B, = 2EWL - gy u" (£ r-wl{f,r-p} + U'£),r] (9)

3L3F

Also, (7) implies that8 A2 < 0.

If the farmer is risk-averse, that is if U" < 0, it can be

shown that9

strict concavity.of the production function is
sufficient but not necessary for the second order condit-
ions to be satisfied. In the subsequent analysis it is
assumed that the second order conditions are satisfied.

Since f1 and ﬁz are non-random, it follows from (4)
and (5) that

5
£,

(10)

'oig
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This is the familiar .cost minimisation condition. It

implies that even when the output is uncertain, the farmer
¢
equates the marginal rate of technical substitution between

factors and the factor price ratio at the optimum expected -

output. This is especially interesting, because immediat-

1 ‘ ely below we show-that an optimising risk-averse farmer
) . expects to produce an output at which the value of expected
' marginal product of each input exceeds the given input
price. That is, his optimgm expected outéﬁt }s such that
the value of marginal proauct exceeds the marginal cost
though the input-mix at tﬁat level of expecLed output is

cost-efficient.

Equation (4) can be written as

E[U'fr] = E[U'w] . . (4")

Subtracting E[U'f,] fromgoth sides of (4'), we g?t
E[U'f, (r-1)] = E[U' (w-£;)] ' -\ . (11)

Taking expectations on both sides of (3) yields
E(Y) = Hf + w (L-HL) - PHF

Using‘this result, Y can be rewritten as

- y = E(Y) + Hf(r-1) ._ i

-

If the farmer is risk-averse so.that U" < 0, then

r
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u'(Y) = U'[E(Y)]

for r 2 1. Multiplying both sides by fl(r-l), we get‘
U (Y) £ (r-1) £ U'[E(V)] £ (r-1)

for all r.lo Taking ;xpectations on both sides,

0 (12)

A

E[U' (Y) fl(r-l)]

as U'[E(Y)]fl is non-random and E(r) = 1. Using (12) in

(11) , we get

]
o

E[U' (w - fl)]

which implies, since U' is always positive, that

-

A

f

w 1

It easily follows from (10) that

“

A

also. Together with the concavity of the production
function, these results imply that under output uncertain-
ty the optimal input use ig lower than that‘in the certain-
ty case. That.is, if the farmer is risk—avérse, then the
effect of uncertain;y is to reduce use of each variable
inpaé. It easily féllows that the expected optimum output
uer uncertaiﬁty will also.be lower than that in the

certainty case. It may be mentioned in this connection

that Hazgll and Scandizzo,11 in’ a mean-variance framework

39



and using labor as- the only variable factor, arrived at
similar results for a peasant farmer operatihg under out-
put uncertainty. Also, recentiy, Wiens [1977, p..50455]
reached similar conclusions, using expected utility

approach, for farmers facing uncertainty of retetns from

[

the sale or rental of family assets, such as land, labor

and liquid capital in the factor markets.

An intuitive explanatioﬁ of this result‘is as follows.
Assume r = 0 with probability % aﬂd r=2 with‘probability
%. Therefére E(r) = 1., If r = 0 is-the realization, then
the farmer suffers a loss oé (WLH + pFH). If he uses .

smaller amounts of inputs his maximum losses also will be

smaller. Thus we can think of the farmer as reducing the

riskiness of the situation by shifting part of the risk to

the iﬁputs and thereby using less of them. Note, hbweve%,
that the first order conditioms will holaﬁin all cases. |

Our result has an ana1ogy with the standard resdit in
Arrow's Poxrtfoliq Choice Model involving a risky asset and
a éafe asset. 1In bur model the role of a secure asset is
that of wage labor aﬁ a secure wage and the role of r}sky.
asseﬁ is that of farming. The farmer{ in part dééides on
the optimal allocation of his endowment of labor between
these two activities.

»Finally, if we assume tha; the farmer is risk-neutral,
that §s if U" = 0. and henge U’ é'constant, from (4') it
immedfately follows that £, = W, as E(r) = 1. Similarl g

we can see ‘that f2 = p. That is, a risk-neutral farmer

40
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J
operating under conditions of output uncertainty behaves-

just- like a farmer operating under conditions of certainty

- . &
as far as his input decisions are cOncerned. * e

Though the assumption of risk-aversion is reasonable

)

for small farmers, risk-neutrality may be a reasonable be-
|

havioral hypothesis for wealthy farmeré.12

‘Wealthy farmers
might have even displayed risk-preference when they adopted
high-yielding varieties of seeds in the earlier stages of

green revolution.
£ ]

~

II.3. Comparative Statics - Effects of Public Policies
II.3.1. "Farmer Response to Marginal Impacts on

—

Uncertainty ’ .

Here we consider the‘effects of marginql changes in
riskiness of farming and the mean of the distribution of
random vagxiable on the behavior of the farmer.

£
the Rothschild and Stiglitz's13

Adopting
definition of‘change in
risk, we define a change in risk as a change in §ariance
without affecting the mean of the\distributioﬁ.' Define
r* = §r+6, where § an@ 6 are «two shiff pgrameters with

initial values 1 and 0 respectively. The variance of r*

is given by v(r¥) = GZV(r) = 6202, by (2).

In order to
restore the mean, we should have dE(r*) = dE(6r+6) = 0,

which implies

T
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by (2). Replacing r by r* .in (3), ‘the first order con-

¢

ditions become w

L)

E[U'{fl(6r+e) - w}]

0
o

i
o

E[U'{f2(6r+6) ~ p}l

Differentiating these equations implicitly with respect to

8 and evaluating the results at § = 1 and 6 = 0, on simpli-

\

fication we get

s

oL

3F - o 2

Py 38 *Bi3g =M (14)

3L 3F  _

B, 35 * A, 35 =M, (15)
where Al' A2 and B1 are as defined in (6), (7) and (9)
respectively and

My = - HE[U"f(r-l)(flr-w)] - E[U fl(r-l)]

" M, = - HE[U"£(r-1) (£,2-p) ] - E[U'f,(r-1)]
, fl ‘
Using (10) we can see that Ml = 7= Mz. Solving (14) and
2

(15).simu1taneously and substituting the expressions for

Al'°A2 and Bl we get .

. ’ : —
%% - Mz E[U’r](fl fzz - f2 flz)

(16)
D fz °
. M, E[U'r]{f. £.. - £. £..)
AF - 2 11 1 712
3 - _— (17)

2
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Since U' and r are non-negative, E[U'r] is positive. Also

D is positive by (7). <Concavity of £ implies that fii <0

(i =1, 2). Further, if we make the reasonable. assumption

of” complementarity of inputs,14 that is f12 > 0, then the

signs of (l16) and (17) will be opposite to that of Mé. ‘

Now
My = - HEE(U"{£,7-p} {(r=g) + (Fo - 1}] - E(U'E, (r-1) ]
° . 2 2

r {fzz-p}2

= - HEE(U" —=5—— | - HEETU"{£,x-p}] (£ - 1)

2 . 2 .

R , N (\"' - -

- E[U'f,(r-1)] N

If the farmer is risk-averse, jhe'first expectation term

is obviously negative; the las¥ expectation term can be

shown to be ﬁegative by some algebra exact‘y similar to
that used to derive (12) earlier.

We can further show that if the farmer's absolute

risk-aversion is non—ipcre’asing,l5 that is if RA(Y) b 0

_ Uy . .
where RA(Y) = T then the second expectation term

16

is positive. Let Y* be_ the income when f,r-p = 0.

Therefore RA(Y)'é RA(Y*) for f.r-p 2 0. That is

-2
- %T%%%,é RA(Y*) for fzr-p 2 0. Also we know that

-

u' (Y)(fzr-p)'é 0 fér (fzr-p) 2 0. Therefore U"(Y)(fzr-p)

v

- RAkY*)U'(Y)(fzr—p) for (£,r-p) . Takin§ expecta-

— Allv

tions on both sides, E[U"(Y) (f,r-p) Ry SN
E[U'(Y) (f,r-p)] = 0 by first order condition. In section
2 we have already seen thaﬁ’(%%'- 1) is negative. So we
can conclude that MZ is positive. From (16),and (17) it

-




s IS R AT

A

follows that

%% < 0 and %% < 0.

That is, if the farmer's behavior is characterised by non-
increaFing absolute risk-aversion, then a marginal de-
crease (increase) in risk will unambiguousl§ increase
{decrease) the use of all variable inputs. , But from the
way the sign of M2 dependg on the three expectation terms
it is clear that non-increasing absolute risk-aversion is
'sufficienﬁ but not necessary for our conclusion.

To determine the effect of a margipal change in risk

on the expected output, consider
E(Q) = HfE(r) = Hf
TherefSEe

JE(Q) _ 3L IF
55 - Hlfggg + f5550 <0

L
3838-

< 0 and %% < 0. That is, a marginal decrease (in-
crease) in the risk of farming w{iﬁ increase (decrease)
the expected output as it increases (decreases) the use of
all variable inputs.

o Siﬁgiaf results weé; obtained in the theory of firm

.under price uncertainty by Sandmo [1971] in the coﬂtext of

‘a short-~run model and by Batra and Ullah [1974] in the

context of a long-run modei. Also, it may be mentioned

that in a competitive framework the effects of uncertainty

in output of the product and product price are very similar.

.
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We can express the above conceptual experiment some-

what differently as follows. Assume that there are two

! farmers with identical production functions, utility, func-
tions, factor endowments and facing the same market. They

differ only in their perception of the riskiness of farm-

C WA TR

ing, that is, their subjective probability distributions

have different variances, though the means are identical.
The experiment we presented is an example of how they may
use different quantities of L and F. This proposition can
be empirically verified if one can find data for farmers
who are reasonably homogenous except for their risk-
perception.

Within the limitations of the present model we may
conclude that any public policies directed at reducing the
natu;al risk of farming will induce the farmef to employ
more of every variable input on his farm of given size,
which in turn will increase the expected output. Examples
of such policies are provision of improved weather fore-
casting service, better irrigation facilities, flood con-
trol and pest resistant seed varieties. .

Next Qe consider the effects of a shift in the distri-
bution of the random variable without affecting risk, that
is, the effects of a 'variance preserving change' in the
gean of the distribution. Fo}lowing-Sandmo [1971, p. 69],
Aefine f* = r + 8, where 9 is a shift parameter with zero
as initial value. Replacing r by r* in (3), the first

‘ order conditions become
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1l
o

E[U'{fl(r + 0) - w}l

]
(=]

E[U'{fz(r + 6) - pll

Implicitly differentiating these equations with respect to

6 and evaluating the results at ¢ = 0,

Al 55 * Bl 55 = E[U"f(flr-w) + U f1] (18)
oL oF _ " _ ' R}
B1 gt Ay 35 = - E[U f(f2r p) + U f2] (19)

Simultaneously solving (18) and (19), substituting the

expressions for Al’ A2 and B1 and simplifying the results

using (10), we get

T = E(U'r) [E(U") + f; E{U"(fzr-p)}](fzf12 - f f22Y (20)
OF  E(U'r) [E(U') + £ E{U"(F,r-w) }] (£ £,. - £.£..) (21)
00 f2 1 1712 2711 :

Earlier in this section we have shown that if the farmer
has non-increasing absolute risk-aversion,¥hen E{U”(fzr-p)}
is positive. Under the same assumption E{U"(flr-w)} also .

can be shown to be positive. If we further assume that .

‘ o 3L OF
f1, > 0, then it is clear that =5 > 0 and 75 > 0. 1In

words, a rise (fall) in the expected value of the random

.

variable wWill induce the farmer to apply more (less) of

each variable input. It easily follows that under the same

-~
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logical progress, use of high yielding varieties of seeds

set of assumptions > 0 also. If one treats techno-
and more fertile land as equivalent to rightward shift of
r without changing its >variance, one can conclude thaﬁ
these will lead to increased use of all variabie inputs
and hence higher expected output.

Also one can express the above conceptual experiment
somewhat differenquﬁkz considering two farmers who are
identical in every resﬁébt except that this time their
sybjective probability distiributions have diffferent means
though variances are the sjée. The experiment we presented
is an example of how they may\§§é/§IEEerenE quantities of
labor and fertilizer leading tqogdifferent levels of expec-
ted outputs.

The results presented in this section may appear
intuitively clear; but note‘thét they follow only unger
certain assumptions, though reasonable, regarding the
farmer's risk-behavior. Under alternate assumptions we
can reverse these results. For example, if the farmer is
risk-neutral, risk-reducing public policies will have no
effect on his behavior. A limitation of the present analy-
sis is that we cannot handle an arbitrary situation where
change .in both the variance and the mean of the distribu-
tion of the random variable occurs. Presumably many rele-

vant public policies are of this type.
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IT.3.2. Production Effects of Factor Price Policies

First, consider a change in the wage rate, the price
of fertilizer remaining constant. Implicit differentiation

of (4) and (5) with respect to w yields

3L F _ " - (T - ur " -
Al T + Bl'_Bw = E(U") (L HL)E[U (flr w) ] (22)
aL BF = - - - " - \

Solving (22) and (23) simultaneously

oL _ A, f,E(U') - (E—HL)E(U'r)E[U"(fzr—p)](flf22 - £,,)
ow Df
1
/ _ (24)
3F _ Alsz(U')—E(U'r)[(f—HL)éiF"(flr-w)}-E(U')] )
'aw - -n
E -~ (fyfy, - £155))
DEf;
' (25)

Assuming complementarity of the inputs, the signs of 3L and

ow
%% depend on farmer's risk-behavior. We cqnsider two cases

y

separately: 1) the farmer as a net“demander of labor, and

2) the farmer as a net supplier of labor. 1In general, the

smaller the farmer, the chances are higher that he is a
~

net supplier of labof:q“-

-

In the former case, in the absence -of uncertainty,

%% < 0 and %5 < 0. The same results hold good in the case

v

o = e e Sy R

48



of output uncertainty also, provided the farmer has non-

increasing absolute risk-aversion. In the latter case, in

the absence of uncertainty, both %% and %% are indetermin-

ate. The same is true with output uncertainty, provided
the farmer has non-increasing absolute risk-aversion. But
if a net supplier of labor kthat is, a poor farmer) has

(N

increasing absolute risk-aversion, then it can be shown

that 3—3 < 0 and %f;’ > 0. It clearly follows that if the
farmer is a net demander of labor, aEég) is negative,

implying that a marginal increase in wage rate wiii ad-
versely affect his expected output. But in’thé case of a
net supplier of labor, under either assumption regarding
his risk-averse behavior the effect of a marginal change

in' wage.rate on expected output'iS‘ihdeterminate.

In a similar manner, we can get expressions for %%
and %g. The results are exactly similar to that of case
(1) above.

An important policy conclusion is that the effects of
factor price changes are similar in character in an un- =
certain environment compared to deterministic models.
Thus, for example, in the case of ‘farmers who are net
demanders of labor, implementation of agricultural minimum
wage will probably.lead to a reduction in the use of in-
puts complementary to labor and as such to a reduction in
expected output. Algo, a reducfion in the‘ price of fer-
tili;er by government subsidization wiil lead to~increaséd

labor utilisation and hence increased expected output.
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But, in .the case of a farmer who is a net supplier of
- Y
labor, the effects of such policies are indeterminate in

both certain and uncertain environments.

~

II.3.3.‘ Production Effects of Policies Affecting

- Farm Size
A great debate has been going on among agr}cultural
economists during the last few decades reéarding the cause
of the observed inverse reiationgﬁip between farm size and

’
17 The issue received much

productivity per hectare.
attention because discovering its cause has important
policy significance in the context of land reform measures.
The most popular arguments within the framework of deter-
ministic models are based on variable cost of labar and
land quality. .
A related controversy involves the efficiency of.
different types of tenurial arrangements in peasant
economies, especially between fixed and share rents. It
is ; common observation that both of theﬁp arrangements
simultaneously exist in several ‘'areas. In a thorough study
of sharé‘tenancy iﬂ the context of Taiwan, Cheungls_argued
that share contracts are efficient and are more widespread

.. in high-risk areas compargd to fixed rent contracts. But

Ra019 argued, based on Indian data, that fixed-rent con- . ¢

— - - tracts are more widespread in situations involving high-

risk as compared to share-contracts which are more preva-

- 4

lent in situations involving less sgépe for decision making




in the face of uncertainty. According to Rao, more risky
farming is characterised by fixed rent contracts implying
that the enéire burden of risk is borne by the farmer him-
self. Another observation by Rao, based on Indian data is
that on the average sharecropping is resorted by small
farmers essentially for augmenting factor incomes through
the fuller use of own resources such as family labor and
bullocks, Qhereas big farmers lease in land at fixed cash
rents with a view to earning profits. Also, Stiglitz20
pointed out that assuming equal transaction costs of wage,
1ease’and sha;e coptracts, the risk-sharing function of
share contracts is redundant since combinations of wage
.and lease contracts caﬁ achieve the same thing. Thus it
is apparent that the controversy remains unresolved. N

" With the above d;scussiqy’%s background, we shall
analyse the implications of a marginal change in farm size
in the context of our model. Implicit differentiation of

(4) and (5) with respect to H and simultaneous solution of

the corresponding equations, after some simplifications, -

yield
oL _ M E(U'r) (flf_zz—fzflz) 26)
oH : DEf,
9F - M E(U'r) (£,£,,~£,£f,,) - 27)
oH Df '
2
where '
M = - E[U" (Ex-wL-pF) (£,£-p) ]
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“H and g will be opposite

to that of M. Using the definition of Y, we.can write M

Assuming f12 > 0, the-signs of

as .
. . . Y oL i /‘
: M= - E[U"(5 - ) (£,0-p) ]
-1 ' - - “_’i_ ' -
) . = § EIRGU (£,r-p) ] 0 E[R,U' (f,r-p)]
where RA = - %7 is the absolute risk-aversion furiction and
RR = - g Y is the relative risk-aversion function re-

spectively. Using the first order conditions and the
. -
definition of covariance of two random variables, M can be

further simplified and written as
)

1 cov [R.. U'(f.r-p)] - Y& '(fr-
M= q Cov [RR| U (f2r p)] m Cov [R,, U (fzr p)]

‘Now, U((fzr-p) is positively monotone with respect to
E[U'(fzr-p)]=0. If RR is non-—decreasing,21 then by ﬁsing
the definition of generalized correlation22 we can seeJ,;

' that the first covariance is positive. Similarly, if %A
is nonéincreasiqg the second covariance is negative. Thus,

if the farmer's behavior is characterised by non-decreas-

ing relative risk-aversion and non-increasing absolute

23 then the first covariance is positive and

Ml

the second covariance is negative so that M is positive.

risk-aversion,

It easily follows that %% < 0 and %g < 0. A similar re-

sult was derived by S;inivasan24‘using a one input model
and employing the sqme'set of assumptions regarding

farmer's risk-behavior.

If we define output per hectare as Q' = fr so that




P

3L
} 3H
- 3F, . . dE(Q) _ .= oL aF

+ f2 aH) is negative. But —H - H(fl SH + f2 aH) + f

remains indeterminate in sign. }
R /

E(Q') = f, then it easily follows that QEé%TL = (f

We shall evaluate our conclusions in the context of
the discussion at the beginning of this section regarding
the farm size productivity controversy and tenurial
arrangements. Fir'st, it is clear that even without any
imperfections in the factor and product markets, the in-
verse relationship between farm size and productivity can
be sustained if we assﬁme that farmer's behavior under
production uncertainty conform to reasonable‘assumptions
regarding risk-aversion. Relating these conclusions to

the tennurial arrangement controversy, it is clear that if

one supports Rao's and Stiglitz' afguments then share

‘temancy will not weaken the above resuits. Rathef, one,

can conclude that breaking down of large«agrarian‘holdings
into small peasant farms and distributing them to actual
Fultivators and eliminating share tenancy will increase the

expected agricultural output. 1If one adopis Cheung's

)

.

argument, still breaking down of large holéings is bene-
fiéia; ffbm»the point of expected oufput) but. the results
of eliéination oﬁ share tenancy are not clear.

) Apaft.from efficiency, aspects, land reforms 4nvolve
important distributionaluconsiderations also. Even in a
Eduﬁtry like India, wheref;he man—laﬁé'ratio is very‘high,
t§g conéentration of lénd holding is very high. For ’

exaﬁple, less than five percent of the rural households in

-

2
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Ihdia control more than 35 percent of the cultivated area.
A good proportion of tenancy arrangements are on the basis
of oral lease. In the wake Of gréen revolution the land-
lérds have become more commercial minded and the old sys-
éem of patron-client relations are fast difappearing.

Indeed, lax and ineffective land reform measures have

~added an extra dimension to the existing uncertainty. The

~

accompanying social tensions and economic problems' are
strongly stated in Frankel [1971, chapter 7] and S. Sen

[1975, chapter 12], for example. - '

I1.3.4. Effects of Policies Affecting Labor Supply

Here we trace fhe impact of a'marginal change‘in‘
total labor supply of the farmer. This gould be due to .
one or more of several factors which may bejdirect or in-
direct effects of public policiés. Thus the long-run *
effect of a vigorous family planning program méy'be reduced
supply of labor on the part of a #ypical peasant family,

whereas in the short-run this may actually increase the

";abor supply by relieving the peasant women from perpetual

child¥bearing. Improved health services? especially public

health programs directed atthadication of debilitatj

"Fpmmunicable diseases may reduce mdrtality and morbidity

” among peasants. Thls may'substahtially increase the-

supply of labor especxally if measured in eff1c1ency unlts.

Improved nutrltlon will have a similar effect. Breakup of

. .

joint famllles may reduce the total labor supply of the




household; but it may ‘give an incentjve for everybody to
work harder. Also educatlon and’ adult 11teracy pro@rams

may have considerable impact on farm lgbor supply. It is .

.p0551ble that,education, by enlarging ‘his mental horizon' N

L]

may increase the farmer s preference for leisure. But at

the same time this very fact may 1ncrease'hls materlal

wants and to acquire them he may be ready to work harder
and longer. In any case_educatién willlimprove the quaiity
- a L 4 v ¢

of labor, and, ihdeed, in terms of efficiency units, his

&

.labor supply may increase.

Differentiating, (4) .and (5) with respect to T and

‘proceeding as before,

(£,£,, - £.4..)
_%-.. —2"}2D‘15‘22 F— E(U D) E[U" (£;1-w) ]

.’
ot

1

£
]

) . , . \
2910 W pigenEron e r-p) ]
f . 2
2 .
. g N : . ’?

e If the inputs are'comp ment;ry and the farmér has nonr
increasing abeolute risk-averhion,°1t can be shown that
%% and g% are berh positive. . It is an easy matter to see
thatjggé%i is alse positive. That 18, under reasohable

~ assumptions regarding~risk€behav16r and the forn of $he

creased (decreased) exyected output. The intuitipn of

RS
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— expected output and allows maximum losses to be reduced by
an increase in L and F. But we are unable to obtain the
magnitude of % %g'and as such it is not clear whether the

farmer's sale or purqhqse of labor will increase or de-

. ]
- - N v -

‘crease depending on whether he is a  net supplier or de-
- "e >
) " 77 mander of‘;gbor. %

v R S ‘Though the above results may appear to be straight-

- forward, it should be noted that our;condlusionq crucially =

depend on the assumption regardiﬁg the shape of absolute

~

- . risk—avérsion function. If farmers havewlncreasxng abso-
4 4 .
» lute rzsgaaver31on then the.resgults HLll he reversed.

Also, if ;he farmer|xs rlsk—neutral both 2% and _f reduce <\

o

to zero implying that a changé in labor supply will have
‘ . no effect}on factor use ahd bencé expected optpuf. The
entire change'in labor will be adjusted in the.market. "

+

>

"y

" R . _. 1 i . A
. II.3.5.~_1ncome Tax ‘and the Farmer- .

Income taxkplays only a’ mlnor role in most developing
countrles, either as a source of government Ievenue or as
a todl of income dfktribution.f Another. feature is its
: ' . éeledtive natzre. In many of these countries there "is - .
% ' some sort of. uzban ineon: taxation:"b‘i usually tubre is’
T - .. nd similar tax on rural ipcomes. On hbrizonta equity
L ',’ ‘ grounds this diftercntial trcatnent can be o jecteg to.
? a ) i But extension of incone tax to agricultnre is uxuallyﬁse-T;'

‘; - p;sted,on gronnds éhat th1s may adversely affect agri-

éuituralnproductlon. But these objections need not nec- .
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; essarily be true if uncertainty in agricultural output is

explicitly taken into account. Here we'considiéathe effects

o
L] -

of marginal changes or introduction of agricultural in-
come tax on farmer's behavior.
First we consider a proportional income tax. The"

after-tax income is given by
.Y = [Hfr + w(L - HL) - pHF](1-t)

where t is the tax rate. Implicit differentiation of the

first order conditions with respect to t and evaluation of

the derivatives at t = 0, yield

; L, o IF _ o (f ' '
A, 3¢ By 3¢ = E[U"Y(f,r-w)] ( (30)
3L 3F _ " _ :
By 3¢ * A, 33 = EIU"Y(f,r-p)] (31)

o 1 ot

2

If farmer has non-decreasing relative risk-aversion it is
N ~ easy to' see that R.H.S. of both (30) "and (31) are non-

. e . . ,
positive. Further assuming £220, solution of (30) and

(31) will show that both %%-and 9F .re non-negative. It

S JE(Q) > ok : X

. - is ¢lear that ¢ = 0- Tgat=1s, introduction of a pro-
portional income tax of a marginal increasé'in the exist-
ing tax rate will inéuce the fiarmer to employ ioru}of,
gvery variable'inpht 80 th;g his expected output is~i§¥
creased. But, if the farmer's beha?ior is:.characterised

.

by decreasing relative risk-aversion then the results will

" . o, \ . -
T ! be just the opposite. If he is risk-neutral, a marginal

O . - N
. B

e




change in income tax will have no effect on his behavior
. {t‘
and hence expected output.
Next we consider a simple form of progressive income

tax, namely a linear tax with an exemption level and a

marginal rate which applies both above and below the
26

- The after-tax income can be written as

exemption level.
Y = [Hfr + w(T - HL) - pHF - KJ(1-t) + K

where K is the exemption level and t is the marginal tax

rate. Proceeding as before, we get

oF

3L w YK, o ]
AL 3¢ * By 3 7 BLUT(LE) (5w ] (32
oL " 9F ~ n Y-K -

Fﬁrtber, if the farmer has non-decreasing relative risk-
aversion and non-increasing absolute risk-aversion the
expressions on the R.H.S. of (32) and (33) can be shown to
3L 3F (

be negative. With these resulté, 3t and 3 can both be
/

shown to be positive. Alsé'zgégl.is positive. It can be
further sﬁown that-uhder other sets of consistent assump-
tions~reqarding absolute and relative risk-aversions the
'sién‘ of %%rand %% will ‘be #hdeterminate. Thus we'can"
conclude that under realonable’assump;ioné regardin§ risk-

behavior, .a marginal increase iﬁ'the progressive tax rate

will induce the fermgr to employ more of all variable in-

puts so that his expected output is increas¢d.
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3L 3F

oK’ 23K

are positive if the absolute risk-aversion of the
L

In a similar manner we can show that and

3E (Q)
3K

farmer is non-increasing. If he has increasing absolute

risk-aversion all these derivatives will have negative

signs. Further, if the farmer is risk-neutral, a marginal

change in exemption level will have no effect on his be-

havior and hence his expected output. SN

Thus we can conclude that with production uncertainty,

the 1mpacts‘u§\?arg1nal changes in proportional tax rate,
_ progressive tax rate and the level of exemption will all
depend crucially on the risk-behavior of the farmer.
) - Indeed, the above results are extensions of similar
results in the analysis of taxation and risk-taking,
namely, increased taxation encourages risk-taking under
very feasonapr assumptions on risk-aversion. Since wage
’1ncome is certain énd income from farming is the risky
prospect, the analogy would seem to be approd&iate.
» It may be further mentioned that the actual imple-
meﬁtation of a Qropo:ﬁigpal or progressive incomé tax on

peasants may be extremely difficult. For details of the

practical problems invol&ed, see B:'erz‘7 for example. Also

» we are not thinking in terms of extracting rural surplus
for industrializdiion.\ ﬁiability considerations may sug-

gest a modified form of 'Graduated Incomé Tax' similar to

those existing in several East African Countries28 or one

similar to the 'Agricultural Holdings Tax' recommended by

_"Ra'j‘Committeez9 for India. ‘A1l0athe tax revenue can be

589



tx

- .
. s
. [
]
. N

used for capital formation and other risk-reducing measures

. in agriculture. ' -

.

£

-
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I1.4. Production Under Input and Output Jncertainty

In section II.2, it was assumed that inputs’ are com-

mitted before farming and hence are not subject to un-

certainty with respect to weather. But it hay be more

realistic to assume that the farmer adjusts his de?igiéns
regarding the application of inputs as the weather un-
certain;y unfolds itself through planting, seéding and
harvestiné seasons. Moreover there may be other random ;‘
factors affecting the flow of services of different in--
puts. For example, illness in the family énd~shortage of
hired labor affect the flow of labor input and lqci'of
credit and shortage of fertilizer in the market affect the
flow of fertilizer input. Taking these facts into account,
here we anélyse aur original model with uncertainty in in-
puts as well as output.3o.
As in section JI.2, here also we consider a_farmer wh?'
owns H hectares of'lénd and uses two variable inputs,
labbf (L) apd fertilizer (F) to produce a homogeneous out-
pué (Q). Bt it is assumed that the actual flow of ser-
vices of labor and fertilizer depend'on two random vari- |
ables u and v respectively. This is to say that we assume
that the farmer uses ulL and vF amounts of labor and fer-

tilizer instead of the traditional assumption that L and F

amounts are used. .Further, it is assumed that the output

1

“
R . ‘
.
. .
> .
"



" where HL is the expected labor demand.

‘%

»

“

from farming depends on the weather conditions and hence

itself is random. The farmer's output is given by
Q = Hf(uL,vF)r (34)
where uL and VvF are random inputs and r is the random index
of weather. We assume that the random variables u and v
E Y

take only non-negative values such that

E (u)

E(v) =1
. (35)

V(u) ouz, viv) = 0v2
Other definitions and assumptions remain the same as in
section two of this chapter. The farmer's net income
(measured in units of output) is given by
. had c ~ v
Y = Hf(uL,vF)r + w(L-HL) - pHF (36)
: B

where L is the total ezép?cted labor the farmer himself
supplies. It is obvious from (36) that the farmer will

sell his surplus labor,at the wage rate w, if L > HL or buy

¢

"his excess labor requirements at the same wage, if L < HL,

.

.

* a .

As in secdtion II.2, the farmer is assumed td maximise

his expected utility of income, E[U(YS), by the choice of
,‘ A X

w
L]

. N I \
L and F. The corresponding first order conditions are

- B “ ]

given by T
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(37)

HE [U' (Y) {flur-w}’]

HE[U'(Y){fzvr—p}]

[
o

(38)

where fl and f2 are partial derivatives of f(uL,vF) with

L4 .
respect to L and F respectively. Hereafter, for conveni-

ence we write U, U' and U" for U(Y), U'(Y) and U"(Y) re-

spectively. The second order conditions require that for a

maximum:
328 [U] 2 2
A = E[H U"{f,ur-w}“+U'f. . u°r] < 0O (39)
1 5L 1 11
and
A B
p=|1 Ll s o ' (40)
B, A,
where
3%E[U] _ . 2 2
A, = ——=2 = E[H U"{f,vr-p}°+U'f., v r] (41)
2 2 2 22
18 3F , o
and
B, = QEELEL = E[H U"{f,ur-w}{f.,vr-p}+U' £,  uvr] (42)
1 = 3L3F st 2VEP 124

Also, (40) implies that A, < 0. In the subsequent analysis,
—— ¢

it is.assumed that the second order conditions are satis-

fied.

II.4.1. Optimal Input Use

N We can write (37) as |




e et A et o 2

v

E[U'flur]. w E[U'"]

or

E[U'] E(flur] + Cov[U',flur] = w E[U']

)

or

» @oV[U',fiur]
E[flur] = w - ETO7] 4

Similarly, from (38) we get

Cov][U’', £
E[U']

2vr]

(43)

(44)

If the farmer is risk-neutral, that is if U' = constant, \

then

Cov([U',f,ur] = Cov[U‘,fzvr] =0

1

. Therefore, from (43) and (44) it follows that a risk-

neutral farmer applies inputs up to. the level at which'the
. . & .

expected values of the marginal products are equated to the

respective market prices. 1In other words, for a risk-

neutral farmer, the risk premium is zero.31 When the

farmer's behavior is not characterised by risk-neutrality,

\\that is when U" -# 0, the covariances are in geﬁeraI inde-

terminate in sign. However, if the elasticities of the

-

marginal product curves for both inputs have absolute

values less than unity, that is, if

. ¢ e
uLf T

n= 11 > -

1

(45)
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£ = > -1 , : (46)

then it can be shown that32

Sign Cov[U',flur] = Sign CovLU';fzur] = Sign U"

It follows from (43) and (44) that for a risk-averse farmer,

that is, for U" < 0,
E[flurl > w

E[fzvr] >p

¢ .

Because of the concavity of f, these results imply that a
risk-averse farmer appl}es less of botﬁ inputs than a risk-
neutral farmer. Since most production functiohs commonly
.used for empirical estimation in agriculturé satisfy the
above-mentioned constraints on the elasticity of marginal '

33 the above results are reasonable.

N\
If the farmer were to cultivate under conditions of

product curves,

certainty, then the first order conditions for uti¥ty

maximum are:

|
£

fl(L,F) (47)

(48)

!
o)

f2(L,F) =
as compared to

E[flur]

W
%

(49)

E[fzﬁr] =
.1

(50)

¥
o

B4



for the risk-neutral farmer.

Now, if the elasticities of marginal product curves as
]

defined in (45) and-(46) are non—increasinglfunctioﬁs of

9e
VF

inputs complement one another less and less'as more of each

input sérvices,'that is, if.%%f = 0 and = 0 and the

‘input is employed, that is, if f, ,, < 0 and f,,, <0,

‘then it can be shown‘that34

E[flur] f fl (51)
Y X
E(fvr] < £, / “(52)

+1f r is independent of u and V.35

“Equations (51) and (52} along with (495 aﬁd (50) imply
that, a risk-neutral farmer applies less of eaéh input than
a farmer chitivating under conditions of certainty. From
this and whét we have seen earlier it follows that a risk-
averse‘farﬁerqapplies less of each input under uncertainty
'compared to certainty.. The implications of these results
on expected output are straightforward. It may be illumin-
ating té note that in section 5 of this chapter, we,have
seen'that under output uncertainty a risk-neutral farmer

behaves just like a farmer operating under conditions of

.

certalnty as far as his 1nput decisions are concerned. ut
®
with both input and output uncertainty even a rlsk-neutral
P

‘farmer may employ less of each 1nput as compared to com-

plete cert&1nty or just. output uncertalnty.
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I1I.4.2. Production Effects of Factor Price Policies

First we shall consider a change'in wage rate, the
price of fertilizer remaining constant. Differentiation of
(37) and -(38) with respect to w yields, after rearrange-

ment of terms

oL oF

A, 55+ By 55 = E[U'] - (L-HL)E[U" (£;ur-w)] (53)
. AL oF — T "
By 5 + Ay 5. = ~(T-HL)E[U" (£,vz-p) ] (54)

.

where A;, A, and Bi are as defined by (39), (41) and (42).

2
Right hand sides of (53) and (54) are in general indeter-
<M .
minate. However, if absolute risk-aversion R.A = —%T=C, is a

constant, then right hand side of 153) reduces to E[U'] and
that of (54) to zero. Substituting these values and solv-

ing (53) and (54) simultaneously,

_Q_:Ii'=A_2E_[U'_]_<0
ow D

and -
or _ BEWN oy
aw‘ D > -

\o

. . >
according as B1 z 0.

But from (42), B1 is given by
B, = E[H U“{flur-w}{fZVpr}+U'flzuvr]
- = -ﬁp E[ﬁ'{fluraw}{fzvr—p}]+z[U*flzuvr]

« If the inputs are complementary in the stochastic sense

. )

-

B
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then the second expectation term is obvisusly positiver
But the first expectation term is.indeterminéte. It will -
reduce to zero if the farmer is risk-neutral. Hence we can
conclude that-in general B, is indeterminate iﬁ/;ign., |
Summing up, if the farmer's behavibf is characterised
by constant absolute risk-aversion, thén'the demghd curve
for labor is downward ‘sloping; but a change in wage rate
has an indetermifate effect on the demand for fertilizer,
in general. Only if'the‘fa;mer is risk-neutral, the effect
becomes determinate, in which case a change. in yage rate
will affect the demand for fertilizer in ;ﬁe same diréction.
Similarly, we can show that, under the assumption of
constant abfolute risk-aversion, the demand for fertilizer
is downward oping, but a cbangéfin fe;tilizer price has
in general an indeterminate effpct on‘fhe deménd for labor.

13

Since tﬁere is an intrinsic interest in the effects of’
factor pricevchanges onﬂfhe oﬁtﬁ&t ofiagriculturé, especi-
all& in the context -of peasaﬂf'econom;eerfﬁe may consider
the following. 'As‘output is random, we have towanalfse the

effects of changes on the ekXpected output. We have

E(Q) = H E(fr)

e
v

Therefore *
) - pie(fun) Ly p(f,vr) )

v
-

We have seen that if the farmer has constant absolute risk-

aversion and if Bl >0, then both %%‘and %5 arevnégative,

t




in which case aEég) is negative. That is, ‘a rise in wage

Y

rate will lead to a reduction in expected output. But if

B, <'0, then %% and-%% are of opposite signs and hence
BEéS) wil¥l bé indeterminate. Sjimilat results can be ob-

-’

tained fer a{chanée in fertilizer Rrice'alég. .

An .important cenclusiedi wirhgyythe limitations of our
model, is that ﬁhe effect of pﬁice{ihanges of inputs may
not Se as preaictable in aﬂ.uncertain environment as com-
pared to determlnlstlc models. Alsouéie results are more

determlnate in the case of 51multaneous uncertainty in
inputs ‘and output as éompared bo only output uricertainty.
f; the present case we get definitive reeults,only for the
special case of constant.absolute risk-aversion and B, » 0.

)

I1:4.3. Production Effects of Policies Affecting

Farm Size

~

Total- dlfferentlatlon of (31) and (38) w1th respect to

-

H and rearrangement of the resultlng ‘terms yleld

oL 3F _ S L % '
A) s+t Bi =M : . . & (55)
oL 3F _ , e
BimtR Wt M T ~ (56)
. 7 v -
* [ 4

4

-E [0 {££-WL-pF} (£, ut-w) ] S :

=
i ;

-E[Uﬁ{fr—wL-pF)(fivr—p)] . - Py
) - R -
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-Using the definition of Y, M, can be wriféen as

l.

= ~plu" (X - Wha (e pa | -
\Ml E[U {H H }(flug;w)] : .

1

= - g E{U"Yﬂflur—w)] + E[U"(flur-w)]I

F[féjﬂziflur-w)]

In general the twp expectation terms are indeterminate. If

=“|§|‘ m| &

_ 1 ' _ _
il E[RR“U (flur w) ]

RR ‘and RA are constant, Ml

con81sted% case 1n which ‘both rlsk-aver31on §unctlons are
4 % /
constant is the case of rlsk-neutrallty. Similarly we can

vanishes by (37). But the only

see that M2 also reduces to zero if the farmer is risk-

Y

neutral. In this special case the simultaneous. solution of

(55) ana (56) yieldg gg = 3F

) a4 .
3‘§~00>‘ ~

Thus, under the nalve assumptlon of rlsk-neutrallty on

therpaft %; the farmer we find that the input use per hec-

. tare of land remalns &anged when the farm size change‘s

It is unfortunate that we cannot 1nfer the dlrectlpns of
change under the more interesting assumptions regarding _
risk—behevior as“we we’e-able €§ do in the case of output
uncertaintyf Here, 51nce the factor use per heciure re- -
mains unchanéed under farm\slze change, it is clear‘that
the expected outpuh per hectare remalns unchanged‘ But it "’
is a 51u?le matter to see that a change in farm size w1ll
change the total output 1n the same drrectibn. Perhaps we
can make a“ general statement that the response of Latge

El

farmers to redlstributive 1and reform will not be 80 as to

reduce factor use per hectare ‘and as” such may not reduce




. » - d . [ . ) )
. the expectea‘output.per hecéare: Actually this'conélusion
‘was arrived at by Rdhmasset36 in hls empirlcal study of
g Y

. fertilizer use of lexpp;no rxce farnera. Tppugh Roumasset ’

ot N

cons1dered‘on1y output uncertainty, hxs samples cohsiatea

o

]
{ of large farmers fgg whom rzsk*neatralxty may be a reason-
\ -

/ able behavioral assunption.

o -
. - ’ < -~
, . IR ] c .
’ . v

. ‘ < N, S . o ,
o LX. 4.4, ggoductién Effects of Policies Affecting /- < e
Co- , - T .
\ '% - Labor Sgggle' o ’ R \."

Here we are intatESted in tr;%ing ‘the lmpact of a .

rgi%al change &n the total expected -labor eupply of the'
far
farmer. Thxs chanqe could be,due to one or more of the

several reesons we' hawe airéady discussedjxn aectxon ‘3.4 of

thls chapter. The only ditferencg is; that as against actual

A}

labor supply eatl;er.'here we- -are concerned about expected%x

6 T 2
/\_,‘5 \.&‘ . <
-- . labor supply.. Total differentlatlon of (37) and (38) w1th

- Ty

respect to L, after rearrangenent of terms. ylelds |
v \’ . A ’

Ay’ %{‘: + BL 3L’ ;, -iv ‘E'[U"(f1“r’".) ! f - R (57) L

g

*

‘e " .L‘ -,r’ . bi' s : . i ‘ , . ;‘A B -‘. - " ’ ’
. Bl %r)‘{- A& 3 = -\iE[U(fzyr—p)I | C : ~ .(58) )

, Con31der E[U”(f urdq)] ‘le{Rh B‘(flur~w)] It is-obvious
\ .
that if RA is a~constgnt, then by (37) thls“expectatlon:

term vanlshes uhlch 1mplies that the rxght hand-sxde of
14 \N'

(57) reduces to zero. s;mllariy the". riqht hand ‘siderof .

(sa) also reduces o perp. It imedutely féllows t.hat
. bg ” - 2
e




' %é =L%§ =0 which also implies that the expected output

will remain unchanged. Hence we have the conclusion that

any change ln”the farmer 8 own expected labour supply will

have no effect on the xntenszty of cultivation if his risk-

behav1or is characterlsed by constant absolute rlsk-
aversion. That.is, any change in the expected famlly labor
will be adjusted in the_ labor market. It may be interest-
ing to coptrast thii result with the one Qg obtained in‘
section II.3.4 where only'outéué uncertainty was cbnsi¢ered.
There it was found that if the farmer's behavior is

characterised by degréasing absoluteVrisk—avefsion,'then

the intensity of cultivatidn knges in the.same direction

as that of the actual family labor supply.

. 3 ‘ B o

II1.4.5. Income Tax and.the Farmer
£

Fifsi we shall consider a proportional income tax.
o

The after-tax income 'is given by

o

= [ £(ul,vF)r + w(L-HL) - pHF] (1-t)

where t is the tax rate. Totally differentiating the.

corresponding first order conditions with respect to t,

eualuating the derivatives at t = 0 and rearranging the
terms, we get 4

care

. Al = 4+ B1 —= E[U‘fY(»f];pr-w)] : : . (59)

aFg’ q - Lo .7 l
By = * A2,3E ,E;U"Y(fzvrfpll | ‘ - (60)




€

Using the definition of relative risk-aversion,

E[U'Ygflur;w)lje‘-E[RRU'(flur—w)]

. , N, .
In general this expression is imdeterminate. However, if

we assume Rﬁ'= c, a constant, then
. ) : L .
E[U"Y(f jur-w)] = -¢ E[U'(flur-wY] =
by (37f Under the same assumption E[U"Y(f vr-p)] = 0. L
With these results, slmultaneous solution of (59) and (60) |
yields 2% = 3% 0. Thus we see that 1f the farmer's

behav1or is characterised by constant relative risk-aversion,

. then a marginal change in proportional income tax will have

no effect on his input use. It-easily follows that
3E (Q) _ ) ‘ cor—
T = Of These results may be contrasted with the,oor

responding results-in section 3.5 of this cpapter where ye
‘found that under the‘assumption of non-decreasing relative

risk-aversion 3% and 3% are bothhnqn-negative provided the
inputs complement each other. Hence we may conclude that

the effect of marginal change in proportlonal anome tax is

'~q6311tative1y the same in both cases. ’

Next we consider a simple form of progressive incomei
tax,‘namely a llnear tax with an exemption level and a

marglnal rate whlch appdled both abbve and below. the

v

-exemption level; The.after-tax income ‘can be yrltten as

1

Y+= [Hf(uL;vF) r+w(I~HL)~pHF-K] (1-£) +K

N - . L : ' .' : v ‘.:
where Apis the exemption level and t is:the margidal tax o




rate. Proceeding as before and using the definition of Y,

we get “
L 3F _ ' rom (YK I
A, 3¢ *+ By 3¢ = ElU {T;F}(flur w) ] . (61)
oL AF _ o 1 Y-K *
B 3¢ * Ay 3% = EIUT{3Zg(E,vr-p) ] (62)

Using the-definitions of R.A and RR' *

E[u"f§§§}(fiur-w)1 = 'I%E E(RU" (£ ur-w) }

o

K E[RAU'(flur-w)]:

L e
'.In general these exﬁectetion@terms are indeterminate }n'
signl However, if the farmer has constant absolyte and
relative risk-aversibhs, thep both expressions reduce to
zero. But these assumptions are con51stent only in ESe'
risk—neutral case. Slmllarly the expression on the rlght
hand side of (62i also vanishes under visk~neutrality.
Solving (61) and (62) we can easily see thet‘aL SF _

at ot
JE (Q)

Also —3¢~ = 0. This result is to be compared to the one
4 ‘ ™~ w .
obtained in section 3.5 under output uncertaintly where we

0.

foﬁnd that under -ingcreasing %elative.risk-awersioh and non-

oF
it

ive. We may argue that rlsk—neqtrallty is a reasonable

X:ncreaszng absolute rlsk—aver51on both %E and w+ are, posi-

behavior-assumption for wealthy farmers and as such an

" 1nc§ease in the narglnal tax rate may not  reduce the in-

. tensity of their cultlvatlon and hence thelr expected out-

y

. put. - L.
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In a similar manner we .can show that 3?' aF and‘

3E (Q)
3K

reduce to zero if the farmer's behavior is characterised by

are all indeterminate in general. But all “of them

‘constant absolute risk-aversion.

Thus we may conclude that nnder simultaneous un-
certainty in inputs and output the impacts of marginal
changes 1n the tax parameters are in general indeterminate.
<however, under cerﬁain restrlctlve, albeit, reasonable
assumptlons regarding farmer s risk-behavior, we find that

these marginal changes have no effect ‘on the intensity of

cultlvatlon and hence ‘the expected output.

~

I1.4.6. Farmer Response to Marginal’ Impacts on Out-

put Uncertalntx

So far we were concerned with the overall impact of
uncertainty. Here we are interested in the marginaijfm-

" pacts of uncertainty on the farmer behavior, that is, the

'

effects of marginal changes in the moments of the distri-
bution aof the random variable r. First we consider a'risk-‘

‘preserving' shift in the distribution. Following the pro-

.

cedure adopted in section 3. l of this chapter, we define

(S

r* = r+0, where 6 is a shift parameter: w1th zero as the

l

initial value. Replaciné r by r* in (36), the first grder
Oconditignsﬂbeeeme. ’

Efu'{f u(r+6)-w}]

\“‘

E[U!{fzv(r+a)-p}l =0




Totally differentiating these equations with respeet to 6
and -evaluating the derivatives at 6 = 0, we obtain after

some simplifications

oL JF

= F _ o erur _ _ ' . ,
Al 5 + Bl T 'H E[U f(flur w)]-E[U flu] o (’63)
E‘- a_F = - " s - ) ' '
¢ Bigg*t A g HEUME(£,ve-p)]-E[U'£,V] (64)

)

The terms on the right hand sides of (63) apd (64) are

determinate only in the risk-neutral case and then both are

negative. Denoting them as ‘M

LN

taneous solution of (63) and (64) yields

an _ M 7B M ,
96 D )
and
Coar _ AMTRM .
L D
AL . JF. s T >
It follows that both 38 and 33 are positive if Bl = 0.

~—_

, But in the risk-neuttral case, from (42), we can see that -

B = U' E\?ﬁ uvr) If the inputs are complements in the

stochastic sense, that is 1f £ >0 for all reallzatlons

12
of u and v, then BL is obv10usly p051t1ve. Thls 1mp11es~
that a. rlghtward Shlft 1n the dlstrlbutlon of the random

J%arlable representing the e€ffect of weather on the iarm

output Qill lead to increased use of hoth inpats and hence

lncregsed ‘expected output, prov1ded the farmer is risk-

neutral: If one treats technologlcal prpgrg@s or use of
H~'

72 -
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Y and MZ’ respectlvely, simul-
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!

high yielding varieties of seeds as equivalent tp a right-
wardvsh}ft of r without changing its variance, one can y

conclude that under some general Eonditibns these will lead

to increased use of both inputs and hence increased
expected output. .

4

Next we shall consider the effects of a change in the'

riskiness of the distribution of r without changing its

°

mean. Following the procedure adogﬁed in section 3.1 'of
the ﬁresént chapter, define r* = 54+e, where § and 6 are

. . N N
two shift parameters with initial values as one and zero

respectively, such that 4E(§ r+6) = 0 whichmimplies a6 . -1.

&
Replacing r by r* in /36), the first order conditions be-

come

n
o

E[U* {£,u(6r+0) -w}]
and

'E{U'{fzv(6r+e)-p}]

i
o

Differentiation of these equations with reepect:-to§  and.

N

simplifications yield

3L 9F _ .
MawtBhiw=H% \ : , (65)
and ) . ' .
) ), ) // )
—_— 4 A -_F- = M - ' (66
'8 T 2 , »
" ‘b )

76




3 M, = -H E[U"f(rhl)(flgr-w)]~E[U'flu(r-l)]

- and

- M, = -H E[U"£(r-1) (£,vr-p) -E (0" £,v(r-1)]

1

M, and M2 are determinate only if the farmer is risk-

neutral and r is independent of both u and v. 1In this

- ‘ special case both Mf:and M, reduce to zero which implies

9L _ oF BE(Q) _ ,

that T 0 and hence — = These results imply

\ - that a chéngeﬁin the riskiness of the random variable rep-
\ - ' .resenting product uncertainty has no effect on the inten-
: - .

‘sity of farming and hence on the expected output. It is

obvious that this simplistic result cri ally depends on

the '‘assumption of risk neutrality. .

7

11.4.7. Farmer Response to Mar al Impacts on

Input Uncertainty , -

Here we consider a shift in .the digtribution of thé '
.. . * .

. random variable u assoc¢iated with labor input, without - v
changing its .variance. Replace u by u* = u+f, with zero
as initial value -of 8. Therefore (36) becomes

v,
Y = Hf((u+6)L,VF)r+v @ -HL) -pHF

The ' corresponding first order conditions are

LY

. E[U'{fl(u+6)r-w}]~= ¢]

- and g ‘ ¢ , ‘ -




E[U'{fzvr-p}] =0

Total differentiation of these equations with respect to

6 "and simplification yield, .

3L OF

Als-e— + Bl 5 = Ml N - ) . (67) ,

_and . ]
3L . . aF C ' o
Bisg PR3 M2 J . (68)
) ' b .

where. . Pl

M, = -HiElut'J"flr(flur—y)]-E[U' (£ r+f, url)].
- and -

M, = -HLE[U"flr(fzvr-p)]-LE[U'f21vr] .

In general, M, and M, arr indeterminate. However, if the

. farmer is risk-neutral, then

[ 4

M <
M1 = -E[U'(f1r+fllurL)]
. ‘
and v
M2’=‘-LE[U'f21vr] . )
. a . .
Now . . ~ "
- £, ul &

M, = -U'E[£T(] +.--%§—.)’] : : o
A . . v '

= —U',E[flr.(l +n)l. ut

I3

If we invoke a condition used in section II.4.1, namely
[ 2 ‘
— . 4 . N s - \




2

~n > =1, then obviously M, is negative. 1If the factors

complement each other in production (thatnis, if f12 > 0),

2

taneously, ¢ . )

then M, is also negative. Solving (67) and (68)°simul-
. ! ~

&
¢

ar-1 BMp- Ble

'

_ : - 9L P : VR
If'B then both 3§-and 5§-are positive. . But it can
' V. % ot - Co

be easily seen that under risk—neutralit§ arid complemen-
, s N . .

-

tariey of factors, B, > 0.

Thas we have the'propoeitionvthat; if the farmer's
behavior is characterlsed by rlsk-neutrallty and the pro-i
duction functlg; satlsfles some plau51ble assumptlons,.
then a rlghgya;d ehlft in the distribution of the ‘randem
variable associaﬁe? wit@ labor input will lead to in-
creased use of boeh i;pdtSa One may consider merovement
in health condltlons in rural areas and better labor

Qmobility as examples ofk;ueh a shift. Similatly, it can
be shown that a rightward eaift in the distribution of
the random variable associated with fentilizer,use also'
will ':}eaq to increased use of both inputs. ‘ﬁeft-er. credit
facilities in rural areas and improved marketing of fer-

tilizer are examples of such shifts. '

2 ’

‘Next we consider tﬁe effects of aabhahée in fhe rigki=-.

-

-
.




—

"~

ness of the distribation of u without changing its mean. p;"

Define u* = §u+0. An increase in § (from§ = 1 and 8 =:63_ -
will blow up all valPes of u. To restore mean we havg}g?

. ¥
adjust’ 8 simultaneously so that dE(Su+6) = 0. Sin?

ae

E(u) = 1, this.implies that -t -l. Farmer's income be-

comes _ = 0

Y = Hf(( u+8)L,VF) r+w (L-HL) -pHF

Differentiating the corresponding first order conditions’

"'with respect to § and using the condition g% = -1 as well
N \

" ment of terms,

as the initial values of § and 8 we get, after rearrange-

Al 3 + B (69)
\ 7
and
oL - . .
By g7 + A 57 ' , (70)
where
R e ‘ .
My = _Hm[u"fl'(u—l)r(flur-'w)]-E[U' {fll (u-1)url
+£, (u-l)x;}]
and

4 - L]
’

. n§= -HLE[U"f, (u-l)r(fzvr-p“)]-LETU'le‘(u-;-l)vr]

Obviously, My and az,,'are indeterminate, in general. If .

. o . L
we assume that the farmer is risk-neutral, then

9
.

hd



1
and
M2 =
Now,
Ml =

-U E!fll(u-l)urL+fl(ufl)r] -

®

4LU'E[f21€u§l)vr]

Fpqub 4 1

-U'E[r(u-1) £ ( )]
71 “;1
-U'E[r(u-l)fl(l;n)]

/

-U'E[(u-l)fl(l+n)]

if r is independent of u and v, as E(f) = 1. Since

E(u-1) = 0, we get

Ml=

v

-U'Cov[u-1, fl(1+n)]

~

This covariance will be negative if ;h— =-<-‘0, that is, if

ul

the elasticity of marginal product curve ‘for labor is a

. . .
non~increasing function of uL.

| S .
The validity of the above assumptioh was digcussed in

section 4.

and v, we

]

M,

fz 1} <0, : ‘
is positive.. Solving (69) and (70)\liﬁultaneoul£!}

M,

1 of this chapter. If r is independént,of u

can write
-LU'E[le(u-l)V]

~LU'Cov|u-1, lev] \ ‘
[ . «“ ~

If we further assume that u and v are independent and

then the cévarianbo‘bacomes negative so,that.:

* -
o 4

-

Hence Ml becomes. positive.




-» wWe get

5 e ) < . .
L _ PoMimBiMy -
. 3% D : ,
L) - ?s -
‘ and .
‘ o _ A1M2-B1Ml : o

k1) D . \

8 Fuxtﬁer, we can easily show that when the farmer is risk- o

- . oL oF .
-neutral Bl > 0. Thqtcls, TS and 33 are both negative and

hence E-Es-é% <0. v

Hence we have the~proposition that, if farmer's be-

i

whavior is characterised by risk-neutrality, if the random

variables associated with inputs and output are ihdepen—\

dent and if the production,function satisfies some reason-
able assumptions, ;heﬁ;a small change in the, riskiness of

the distribution of the random vardiable associated with

* 5

an input will affect the use of both inputs 1n Ehe.éppon-

site direction. Reduced incidence of illness and i?-

creased institutional financing of dgriéultural gredit - ..
can be considered éxémples of suchxrisg—rqduciﬁg factors

which will lead to increased use:of the -variable inputs.

I

It is interesting to note that the corresp@nding‘fgsult

-~

i

in ‘section 4.6 of this tq§,hhere we considered a
change in. the riskiness of the distribution of the random
® '} . s

variabl% associated with output wag that such a risk-

change has no effect on thé intensity of cultivation if

"the farmer. is riSk*neutriiu S ° . |

. » M .




iI.S. Concludihg Remarks

1 . . .
A main_purpose of this chapter has been to show that
* a numbeflbf impo;tént results obtained from deterministic .

models of peasant ecopemies do not ﬁéceésarily hold if

uncertainty‘is explicitly taken into account and reason-

able assumptions about-<peasant's risk-behavior are made.

AN

An equally important purpose has been to explore the

implications af various public policies on the incidence

-

and intensity of uﬁ@%rtainty and on the behaviqr of the

peasants..AbaSLCbehav1oral assumption has been- the risk-

4 N -

averse nature of peasant farmers, especially the small e

H ]
- L)

ones. This alone enabled us to estwblish that it'is quite

a rational decision on the part of small farmers to employ

”

less of each input than claséiqal manginalzantlysis would

:. _suggest. ‘ . ' . «
| ’ - Another manlfgsgatlon of riskjpgeISLOn 1s the re- .
lixctance of small farmers to pursue moreé innevatjive farm- "
/ * . ing which ‘is inherepi;ly ulo%e ‘_risky‘. Im;tead'of branding
". them as 'Conség;Ative"or,'Irrational' a better farm
policy may be to 1mp1em¢nt programs which substantlally
reduce the - rlsklness,oi fa;mlng. Further, we found {hat
needed resou;ces'can be extracbed from the rural sector

S "itself through some sort of pract1cab1e‘1ncome taxation

° »
’ ; without adversely affecting the expected agrlcﬁltural
output~ . N Lol L
"~

‘The dlscusaion in sectlon 4 clearly 1ndicate that

~ P \

as compared to unce in output alone, 31mn1tnneoua .
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v ‘ . . b -

uncefﬁainty in output and inputs makes the model quite -
complicated. The result is that in a number of cases it
is required to impose rather restrictive assqpptions re-
garding farmer's risk-behavior to arrive at definitive
conclisions. A

That this should bé the case oﬁght‘not to be- sur-
prising, since in the ;;resent model, apart from r, the
random variable associated with the outpat, we have two -
random variaﬁiés u and v enclosed within a non;lanear |
function, £, that fogs pa'rt of the argument;, Y, of
agother function, U, the expected value of which we
maximise. Thus, our problem is inherently much more »
difficult to solve for definite results than the ;implef
model considered earlier or for that matter, the standard
problems of pof;folio choice and the theory of firm.

« Our main jusgification for considering this rather
complicated model is that this comes closest to reality
in peasant farming where farmers face not only product
uncertaihty but a host of random factors affecting the
actual flow of the services of inpufs. ghéhgh, in gen-
eral, randomness in inputs and output maf Se mutual;g
krelated, in many cases these random factors may be mutu-
ally independent and as such one may be ‘able to identify
specific groups of public policies to reduce or overcome
each of them.

We have clearly seen that a number of important re-
sults obtained from deterministic models of ‘peasant

7




~
e

economies do not hold under unéertainty in inputs and out-
put. It was shown that even a risk-neutral farmer may b?—
have différentiy. ’

However, our micro results are to be judged in the
context of the simﬁlified model behind them. One limita-
tion of the present analysis is its partial equilibrium
framework. As such our policy conciusions cannot be con-
sidefed as policy prescriptions.

Finally, the present model calls for mo@ifications
and extensions in at least four directions. An obvious
extension is to develop a general equilibriﬁh two-sector
framework with production uncertainty in agriculture and
to analjée the implications of pubiic policies. 1In

mSricultural price stabilisation policies

economies where a

through Marketing Boards or otherwise are not implemented,
pr§b§\2;::rtainty may play'an egqually important role on
the "beh or of the farmers and as such a similar analysis
is called for. 1In xgg} word situations usually one faces

a multitude of random el nts and as such any meaningful

theory should be able to handle more than one random
var%pble simultaneously. And fihally, the very nature’of
agriculture in preseﬁt-day developing counfries requires
a dynamic frameworg for a more useful discussion of any

public policies. ’

}
iy
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Fobtnotes

Horowitz [1970]), Sandmo [1971)], Leland [1972], Blair
[1974], Batra & Ullah ([1974]) and Hartman [1976] are
some of the important examples. In the development
of the present model we make use of some of the tech-
niques qeveloped by these authors.

Porter [1959], Dillon and Anderson P!971], Srinivasan.
[1972], Hazell and Scandizzo [1976]) and Wiens [1977]
are the major examples of this type.

We restrict to two inputs mainly for simplicity. The
justification for excluding capital as a variable in-
put is that in most peasant economies capital consists
of simple conventional tools, structures, land improve-
ments, simple irrigation devices and farm animals and
it may be reasonable to assume that these are pro-
portional to the farm size and as such are taken care
of by our definition of the fixed factor 'land’.

A more general stochastic formulation of the produc-
tion function is glven by Q = £(L, F, r), similar to
those formulated in Leland [1972] and Horowitz [1970}.
But this funiction turns out to be too general to

yield categorical results. For this reason and owing
to the fact that multiplicatively separable stochastic
production functions have been previously used by
authors like Sandmo [1971) and Srinivasan [1972], we
are using a less general production function.

This formulation was originally employed by Srinivasan
[1972]).

For details, see Appendix at the end of the thesis.
It is well-known that in order for the utility func-
tions to satisfy the V-M axioms without giving rise
te'St. Petersburg Paradox, they must be bounded from
above. For this reason, we assume that the farmer's
utili¥ty function has an upper bound.

A stfficient condition is continuity of U(Y) in r, L
and F and U'(Y) in L and P and r etrl, r2].

2
l L]

D> 0=>AA  >B
D to be politive.

122 Since A, <0, A, must also be
negative for

2

Expanding D and using the first order conditlons, we
get

(fzr—p) 2 2
A 1028, €58, =8, 55,781y
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11.

12.

13.

14.

15.

16.

17.

18.
19.
20.
21,

f

el
+{E(U'L)]? 0y=f102)

(11
-

It is clear that if the farmer is rlsk ~averse, that

is if U" <0, then (f Z) need not be posi-

tive tio make D positléé Bro%fded (2f1f2f12-f12f22

—f22 1) > 0. Also Aj; and Aj can be negative even

when £;i(i = 1, 2) are not negative.

When r <1, ¥ <E(Y) so that U'(Y) > U'[E(Y)].
Thqrefore U'(Y)fy (r-1) = U'[E(Y)]fy(r-1) for r <1

also.
)
See Hazell -and Scandizzo [1976) pp. 2-3. Q

The empirical findings of Roumasset [1976] for
Filipino rice farmers is an example.

Rothschild and Stiglitz [1970, 1971). For more de-
tails, _see Appendix A.4.

For theoretical and eﬁiiricq} support, see, for
example, Roumasset [1976] pp. 54 and 91 and Rao
[1971), pp. 588.

This has the interpretation that the willingness to
engage in small bets of fixed sizes increases with
income, in the sense that the odds demanded dlmlnlSh
For details, see Appendix A.3.

Also we can get this result using another method~
which has more general application. Write

E{U"(Y){f —p}l = -E[Rp (Y)U' (Y) {for-p}] =
-Cov[RA(Y§ U (Y){f r-p}] using Pirst order condit-
ion. Now, U'(Y){f r-p} is p051t1ve1y monotone: with
respect to E[U' (Y)ifzr—p}] . If Rp(Y) is decreas-
ing, it is monotone non- 1ncrea51ng also. Then by

the definition of Generalised Correlation [see
Scheffman (1974), p. 279] we can see that the co-
variance is negative.

A summary of this debate can be found in Bhagwati
and Chakravarti [1969].

Cheung [1969] Chapter 4, especially.

See Rao (1971], pp. 585-587.

See Stlglltz (1974}, pp. 220.

This has the interpretation that 1f both the size of
the bet and income are increased in the same pro-

portion, the willingness to accept the bet does not
increase. For details, see Appendix A.3.

~
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22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

333

See Scheffman [1975] pp. 278-79 or follow the argu-
ment of footnote 16.

By definltlon RR(Y) = Rp(Y)Y. Differentiation yields
= RaY + Rp. We can immediately see that increas-
1ng re ative risk-aversion and decreasing absolute
risk-aversion are consistent as Rp is always non-
negative. | .
+

Srinivasan [1972] pp. 413-416.

These figures are based on National Sample Survey

data. For more detalled data regardlng the distri-

bution of operational holdings in India, see Sen. S.

{1975], appendix table 8. R

This would imply that the average tax rate measured

by % ratio, where T is the tax revenue, {is progres-
sive, that is, dr/y) , 0. See, for %xample Ahsan
[1974]. ay . : ]

Bird [1974], especially chapters 1-3.

Davey (1974] contains a comprehensive study of these
taxes.

Government of India [1972]: Report of the committee
on Taxation of Agricultural Wealth and Income.

In the theory of firm, models involving input un-
certainty were considered by Walters [1960] and Ratti
and Ullah [1976], among others. But none has so far
analysed the case of simultaneous uncertalnty in
inputs and output. -

For details regarding 'risk premium' see Appendix A.3.

We have: af1ur uLf

T = flr-}-uLfllr = flmll + N ]l =

‘ Bflur y
flr(1+n) > 0 by (45). Also v = f12Uf'F >0,

of jur 53U au'

5 - flu > 0. Further, -5 = Hf rLy", o = Hfidu"

and ag' = HfU". Therefore sign Cov(U', flur) = Sig. U"

Similarly Sign Cov(U', fzvr) = Sign U",

'Cobb-Douglas, Constant Elasticity of Substitution
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and Transcendental Production - functions as well as
Revankar's Variable Elasticity of Substitution and
Constant Marginal Share production functions satisfy
these constraints.

34, Ifr is independent of u and v, then E[fjur] = E[flu]
as E(r) = 1. Twice applying Jensen's inequality
[see Rao, C. R. (1973), p. 58], E[u fj(uL, vF)] <
f1(L, F) if £, 22 <0 and 2 f3; + uLfjjy; <O.

)
Now, 2 f1; + uLfyj) = 5oplf1(1+n)] = £33 (14n)
+ £4 F%f <0 if n > -1 and n is non-increasing in ulL.

35. Though, in general, randomness in inputs and output
may be mutually related, in many cases the random
factors affecting the flow of inputs may be inde~
pendent of the weather uncertainty and as such -the’
present assumption may be justified. Thus, for
example, labor flow is affected by illness in the
family whereas the flow of fertilizer is affected by
a shortage in the ‘market.

36. See Roumasset {1976] p. 56.




.~ CHAPTER III A

RURAL~URBAN MIGRATION UNDER UNCERTAINTY

I1I1.1. Introduction

For a long time éne of the problems wﬁiéh worried
development economists most was how to draw sufficient
labor force to industry from agriculture withou£ reduc-
ing agricultural output. The concept of zero-marginal
product of labor in agriculture and different labor sur-

plus models weré‘deveIBped in this contéxt.1

By early
sixties, these classical theories were challenged by neo-
classical theories of dualistic economic development.2
Rejecting zero-marginal brodﬁctivity and surplus labor,
they argued that discrepagéy in labor productivity between
agriculture and industry was the automatic mechanism that .h,V
would trigger migration, which would continue until the
duélism eventually disappears.

But by late sixties the emphasis shiftéd fr%P how éo
get labor for industrialization to how o solve the urb;n
uﬁemployment probilem. Denpite significant transfers of
labor to the ﬁrban sector, duaiisd persisted and perhaps

even increased. Also, the unprecedented pdpulation growth

g0
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-

mainly due to reduction in mortality.as a'result of
improvement in public health pfograms added an additional
dimension to the migratiog problem. ‘

A perplexing question has been that if migrants move
in response to wage differentials, what explains the
large and iﬂcreasiné flows of migrantg»in the face of
gro&ing urban ﬁnemployment.' Todaro [1969] introdu‘ d a
model in‘which workers migrate from rural to urban areas
ifd response to differences in the actual earnings in
rural areas and expected earnings in urban areas. The
main departqreé ofaﬁpdaro's model from the previous'lit—
erature are in iﬁtroducing an exogeneously fixed minimum
wage iE the urban areas and in treating urban income as
uncertain for fhe migrant. Based dn these simple comr-
cepts it is easy to see tMat urban job creation need not
necessarily sqlve the unemployment problem; it may éven
worsen the situation.3 Subsequently a large volumelof
literaturel4 has emerged as modijfcations and extensions
of this model aqg exploring various public policies for
solving the urban unemployment problem, °
' It is well-known that the rural-urban income dis-
parity.is further wbrseneé by the unsteady nature of the
income from farming? due to natural hazards. \Inlmany~
cases large-sgale migration io urban areas follows im—‘
mediately after extensive crop-failures due to fléods,
dréﬁghts and o;her«nﬁtural calamities.; Indeed, unére-

dictable and meager agricultural income translates itself -

~

N4
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into urban unemployment. Perhaps the most effective solu-
tion may be at the root of the problem. But so far no
model has been developed introducing uncertainty in agri-
cultural income explicitly}intg the migration 'model. 1In
this Chaptervedevelép a simple ﬁodei of migrafion with

its main stress on the uncertain nature of rural income
and discuss the effects of various public policies on ¢
migration. s \\\

Subsequent to Todaro's work, migration models have

given, perhaps, too much emphasis to the role of minimum

wage in the urban sector of the economy. 1In the case of

India, for example, according to Fifth Five Year Plan
draft report [vaernment of India, 1973, part I, p. 2-3]
there were‘about 130 million people in the u;ban areas.
At thé estimated labor force barticipation rate of 32%,
this implieé that the urban labor force was about 42
million. As against this, the totgl employment in the

organised sector of the economy, which includes private,

public and government sector, is estimated to be about 18

-million. And it may be a safe assumption that any'kind

)
Y

of m1n1mum wage is appllcable to only the organised
sector. Thus, even if one argues that the entire oﬂgan—
ised labor force is located in urban areas. (which is not
-true, as the organlsed .sector includes plantations and
government qmpolyee categhﬁn rural areas, for example) ,

less than half the ur labor force gets the benefit of

minimum wages.

s
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Even a casual observer can recognize that a sizable
" segment of the labor force in the urban areas of develop-
ing countries is absorbed in what is usually termed 'urban
traditional' or 'murky' sector. Employment in this sec-
tor is mostly of self-employment nature which includes a
v&riety of personal services and petty retailing. Most
of the unskilled rural migrants are usually absorbed in
this sector. Many of them try to enter the organised
sector and as such may remain officially unemployed; but
they usually earn a positive income, though perhaps much
smaller than the minimum wage. This point was stressed
by Todaro [1969, p. 139] where he(qharacterized migration
as a two-stage phenomenon. Also, existence of a 'murky'
sector was taken into account by Fields [1975] in his
development of é migration modél based on job-search pro-
cess. The model developed in this paper gives expliqit
recognition to this aspect of rural-urban migrQEion.
Todaro [1969] andHarris and Todaro [1970] make the
implicit assumption that individuals are risk-neutral.
Except few6 most subsequent workq.in this area follow
this restfictive_gssumption. But as we have argued in
tke introductory chapter, when faced with uncertainty
(whether subjective or objective) the pervasive behavior
mode of poor peasants is risk-aversion. We admit that
attitudes to risk as measured bf risk-aversion will vary
both among individuals and, for one individual, .among

different levels of expected income. In the subsequent

-

33
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analysis we make extensive use of the Arrow-Pratt risk-
aversion functions and their properties. Also, as against
'thekusual practice of treating individual as the decision
unit, we treat the peasant household as the decision unit.’
~ Given/the introduction, the rest of this chapter pro-
‘ceeds as folloys. In section two a simple migraéion model
with uncertainty‘in~both rural and urban incomes is intro-
duced and some basic results are derived. But this formu-
iation is mathematically intractable for policy @iscus-
sions.‘ In order to focus on policy isgues, section three
concentrates on uncertainty in rural income alone and
section four on uncertainty in urban income alone. Re-
sults aré not developed to the level of policy pgescrip—
tions, bﬁt rather, the more modest goal is pursued of
providing a better understanding of the implications of
variouslpublic policies on migratién. Final section con-
tains a few concluding remarks and a discussion of some

possible extensions.

III.2. A General Model and Some Basic Results
We assume that there are two sources of income for
a typical peasant household; namely (1) income from farm-
ing the land at its disposal and (2) income from jobs in
cities. In effect we do not consider the existence of a
8

rural labor market. Income from farming is uncertain

due to unpredictable‘&eather conditions. Also, incdme

from work in the city is random due to uncertainty of .’
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job prospects. It is further assumed that the house-

hold's attitude towards risk can be summarized by a

Von Neumann-Morgenstern utility function.9
-,

Further, assume that the houséhpld has 'n' members
in the labor force andvit owns 'H' hectares of land. Of .
the 'n' members 'a' remain on the farm and the remaining
'n-a' go to the city for seeking jobs. The household in-

come from farming (measured in uni of homogeneous

agricultural output) is given by"&“ A,

t

Y, = f(a,H)rl

1 - . ~(1)

where £ is the production functign, assumed to be concave

and r, is a continuous random variable reflecting the in-

3

fluence of weather on output such that )

20 - = o2 \
ry = 0, E(rl) = Uy an? V(rl) =0y < <

N

The household income from jobs in the city is given by’

L

Y, = (n—a)wr2 (2?

where w~(also measured in units of a®ricultural output),
the marginal product of labor is the maximum income a

migrant can earn in city and r, is a continuous random

L3

variable such that

p. S = = g2 «
0 = r, =1, g(rz) = U, and V(rz) 0, < o

*

The presence of r, implies that the drban;edrnings of a

2
migrant is a random variable with its range from 0 to w.



( The case of minimum wage can be considered as a special
— cade of this formulation where w is the minimum wage and
r, takes only two values,\namely 1 with probability U,

and 0 with probability (l—uz). Total household income is

N

4.7' Y = Yl + Y2 = f(a, H)rl + (n-a).vérz . P (3)

]

Household maximizes its expected utility of income by the

given by @

choice of 'a'. That is, household's problem is
Max E[{U{f(a, H)r, + (n-a)wr,.l}] *
{a] 1. 2

o

= Max f T [ r, U{f(a: H)ry ( (n-a)wrz}QP(rl,rz)

(4)

h
1 and r2. In

order to simplify the analysis we make the assumption

-~ where dp(rl,rzl is the joint density of r

that r; agd r, i;e %ndepenéeptly distributed withbdensity
functions dp(rl) and %p(rz) ;especﬁivélj. This appears

to bé a reasonable assumption, especially,fbr'short-ﬁun

models like the present one.lo Assuming certain‘regular—

ity comditions for differentiation of expeéteé values, r
the first order condition for an interior extremuh isl,
E[U'(Y){firl -‘wrz}] = 0 ' _ - (5)

-

where f, represents the partial derivative of the pro-
duction function with respect to its first argument.

Equation (5) can be rewritten as

(o
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the second term is unambiguously positive. Firstterm is

positive, zero or negative depending on whether RA

Following the proqedure of section III.3.5, tHe
effeéts of broportional and progressive income tax on .
various types of incomes can be analysed. Below we sum-
marize‘the effects of‘proportional income tax on migra-
tion,

(1) Tax on entire- household income:

sa _ _ 1 . - < .
=t T " =05 Cov[RR,U’(Y){fl wrz}] 5 0 depending
on whether RQza 0.

(2) Tax on farm income alone:

- £
oa _ _ % Cov[R,,U' (Y) {f;~wr,}] + ﬁ% E{U' (V)] 5 0

at

if R} 2 0 and in determinate if R; < 0.

el
(3)- Tax on wage income alone:

sa _ _ 1 Cov[R, ,U'(Y) {f,-wr }1 + fi
3t D A’ 1 2 D

¥ - - y_ L
Cov[RA,U (Y){f1 wrz}] 5 E[U (Y)rzl >0

if U*"(Y) = 0 and depends on the relative

magnitudes of the three terms otherwise.

In a sinilar manner we carn analyse the effect of '

marginal changes in the progressive tax rate %nd level of

exemption oh different incomes.




the farm as well as in the city, provided £(0,H) = 0,

lim fl(a,H) > w and fl(n,H) < W.
a=>0
To establish this we need only demonstrate that

{e

. . . d- '
(UM 11,50 ¢ g7 (B, <0

Q)

a

We will show the first inequality,

d = ' -
3z [E {U(Y),},]Ia=0 = frlfrzU (nwr,) {£, (0,H)r; - wr,}

dp(r,) dp (x,)

Irlfl(O.H)rldp(rl) LZU' (nwrz)dp(rz)

- ‘ ' : ,
Irzw;'zU (nwrz) dp (r2) .

E {fl(O,H) rl} E{u’ (nwré) }

v -E &erU' (nwrz)\}

[E {wr2}+K] E {U' (nwr,) }
 J -E {wrzn' (nwrz) }

where K is a positive quantity—, as E(rl) = E(rz) and

£,(0,H) > w. ‘.@\f
Therefore ‘ ' ' ‘ '
< , :
L & BOMN o = KB (nwk)) ) + E bir,) E(0° (awry) )
-E wr U’ (nwr )}
s - KE {U' (nwr,) } - Cov{wr,,U'(nwr,)]}

> o “
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if U"(Y) <0, since the Pearsoniap correlation coefficient
between any monotone decreasing function and its argument
is negative.

Following a similar procedure, we can .establish that

2

d
& EOmI <0

o ‘
This result is analogous to the general result in

pdrtfolio theory which states that a risk-averse investor
will always hold positive amounts of ‘each aséet if all
assets have equal expected returns and are independent.

A further portfolio result due ﬁo Samuelsonlz i; that if
any investmegt has a mean return at least a%tlarge as
that of any other investments; it must enter positively
in the Optiﬁal portfolio. Theﬁgnalogue’of this result in

our context is stated below as proposition II which can

'be easily verified.

Proposition ;I

If ri and r, are independently distributed with fin-
ite varianqes, then (1) if E(rl) % E(rz), there will be
at least one person on the farm fot $ome part of the year
and (2) if E(r;) = E(rz), at least -one perédh ?ill be
sent to the city for some ﬁhrt of the year.

In the context of a model of our type the implica-
tiogs og different public policies can be best analysed
" in terms of comparative statics. .fhis analy;is can be

meaningfully conducted only in terms of the pfope;tiea of

the Arrow-Pratt risk-aversion functions. But unfortun- °

) -
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ately the model as formulated above does not yield any

mathematically tractable definitions of such functions.

One simplification which enables us to proceed further is
to assume that the utility function is additively sepa=

rable in Yl and Y2. That is

& U(Y) = U;(Y)) + U,(Y,)

"V where both U1 and U2 are assumed-to be twice, continuously
differentiable with pogitive and diminishing marginal

. i

utilities, thus guaranteeing risk-aversion and a diminish-

ing ﬁarginal rate of substitution between rural and urban

income prospects. Equations (5) and (5')'become
E[Ui(Yl)flrl] - E[Ué(Yz)wrZ] =0
and

Yy fl'= ElUé(Yz)rzl
il
w  E[Uy(Y))r]

respectively.

The second order conditionlbecomes
VE[UT(Y.) (£,42.)% + U (Y ) £,.1,] + E[U(Y.) (wr.) 2] <0
1*°1 1171 1'71°°1171 2'°2 2.

Conbavity of Ul, Uz and f always assure this condition.
The Arrow-Pratt risk;avers}on fupctions can be defined

separately for U; and U, and the required comparative

~3

statics can be worked out. But the above simplification

appears to be an extreme one and we do not have suffici-

L
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ent gr#unds to justify it. Rather we will restrict to
uncertainty in one source of income at a time in the

following sections.

III.3. Uncertain Agriculfural Income and Peasant Migra-

tion

In this section we treat agricultural income as, un-
certain and urban income for the migrant as certain. ¢
Existence of such urban income, either subjectively or
in some objeg;ivg sense, may be questioned on grounds of
realism. Once we explicitly recognize the possibility of
earning some inctome, however meager it may'pe,«By joining
the urbarn 'traditional sector' this is not a totally un-
warranted assumption. Moreover, the present formulation
automatically answers an unanswered question in the Harris-
Tédaro literature, namely, how the unemployed migrants
live in ﬁhe ¢ity without any earnings! But the basic de-
fense of the assumption is an analytical one; we wish to
study the houseﬂolﬁ decision regarding migration when it
perceives that income from migration is relatively secure
compared to income from farming;13 A gimilar argumegf.is‘
made in portfolio theory where usually cash is treated as
a secure asset. : k

The definitions and assumptions of séction 2 are
strictly followed here exéept that the household income

from job in the city becomes

Y, = (n-a)w, | (7)

. . e e+ e eI
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where 0 <y, < 1l. Note that here we substitute the -

expected value of the random income of section III.2 to

get the certain urban income. Total household income is

! ' ,ﬂ’ﬂgven by

Y = f(a,H)r; + (n-a)wy, . (8) *

-

/f\\ Household maximizes its expected utility of income by the
choice of '"a'. ' The corresponding first and second order

conditions are given by y
E[U' (Y) {f;ry - wu,}] =0 (9)
and

D = E[U" (Y) {f'lrl - W“z}2 + U'(Y)E

-

11rl] < 0 (10)

respectively.
It is clear that (10) will be always satisfied if
U"(Y) <0 and f;, <0. Also, note that if the household
Ais risk;averse,lthat is if U"(Y) <O, then”fll <0 s not -
" a neceségfy condition for second order condition-to be
g satisfied. For the subsequent analysis we assu;e that

(10) is always satisfied. Equation (9) can be re-

arranged to get ’
1 = E[U (Y)] . o (9:) ~
Wi, T E[0T(IT,T - i

Equation (9') has the familiar interpretatﬂbp, that is,
ot
equalization of the marginal rate of expected substitu-

tion and the ratio of marginal products of labor in the
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two occupations. 7/

A ﬁatural quesf{on is: What is the optimum 'a' under
uncertainty compared to the case where the weather index
is known with cértainty éo be equél to Hyv the mean of

N .
r,? Bbviously the allocation rule under certainty is

1
given by

flul = Wi, (11)
Equation (9) can be written as
, flE[U (Y)rll = wqu[U (Y) ]

Sdgtrac;ing flulE[U'(Y)l on both sides of this e%Fation
flE[U'(Y)(rl-ull = (wuz-flul)E[U'(Y)] (12)
Now,
Y = frl + (n-a)wu2
Therefore
E(Y) = ful + (n-a)wu2
which implies that
Y = E(Y) +‘f(rl-u1)

If the household is risk-averse, that is if U" (Y) <0,

then U'(Y) = U'[E(Y)] if‘r1 z uye It immediately follows

1l
it can be easily shown that this: inequality holds for

>
that U' (Y) (r;-¥,) =y [E(Y));rl-ul) for r; % u,. Further,




) 14
r1 < LY also.

Elrymuy)-

There fore E[U'?Y)(rléil)'4;'U'[ﬁ(Y)]

But the right-hand expression is zero as.E(rl) = H;-

.
Hence -

.
{

E[U' (¥) (r;-u,)] <0 ’ (13)
Therefore -
f ' - ;
,_flE[U (Y)(r1 ul)] 0

From (12) it follows that

\ <
Jwng-Eu JELUM (1)) 2 0

Since U' (Y) 'is always«positive, this implies

S .
£iug = owu, | . (14)

S/

It immediately follows from the concavipy of £ that as a
result of income uncertainty in égriculture, the equil- "
ibrium corresponds to® a higher level of migration than
under certainty for which the équilibrium condition is
given by (11). 'Even though this-gesuit is intuitively
apparent, it may be notea that it critically depends on
the assumption of risk-aversion. Further, it can'be
éasily show? that if the household has risk-preference,
then equilibfium level of migration wi}l be lower under
uncertaintx‘than under certainty aﬁd.fina11§, if the

household is risk-neutral, then the equilibrium level of

migration is the sameé in both cases.




II1I.3.1. Household Response to Marginal Impacts on

Uncerta}pty " : T

Here we ére intérested in marginal changes of un-
certaibty, that is,:changes in t?e.momgnts of the distri-
bu£ion of ry on the behavior of the household. Following
the Rothschild Stiglitz15 concept of change in risk, we
define a marginal ghange in risk as a'small change in-
variance of r, arouhd a coﬁstant mean. Define'ri =
Grl + 6, where évand e‘are two shift parameters with .
initial values~1 and 0 resﬁectively. ‘In order to réstorg

mean, we should have dE($r13+6) =-0, which implies

as _ _ L .
5 = “Elry) = -y \ | (15).

' 4

The household income becomes
Y = £(8r; +8) + (n-Bwy,

The first order condition for maximum expected household

ﬁtility s given\by
E[U'(Y){fl(érl + 0) - wuz}]w=§0 ' (16)

By implicitly differentiating (16) with respect to §,
evaluating the results at 6 = 1 and ® = 0 and using Y15), -

we get

w

]

| , . F
3= - £ R0 () e 1] - W) (rpeup)

»




covariance is positive. ‘However, if R, is imncreasing or

M;‘l‘, e 1.00

. .
f . [ l 1 -

= 5 BR, (VU (V) (ry=u) {£yxy=wiy}] - F EIU(Y) (ry-iy) ]
f ' , A ’ fl .

=5 °°V[RA(rf"“1) . U'(Y) {flrl-wuz}] -5 E[U'(Y) (rl-:ul)]

from (16), where RA(Y) ié the Arrow-Pratt absolute risk-

_ _Uu (Y)
STty

Now, the second term is negative as E[U'(Y)(rl;ul)]

aversion function defined as RA(Y)

= 0, by (13) and D is negative by (10). The first term

t
2

will be ﬂegative if covariance is positive. ,BuF
U'(Y)tflrl-wﬁz} is‘poéitively monotone with fe%pect to
E[U'(Y){flr14wu2}] =0. If R, is constant, ii(rl—ul) is
is monotone increasing. - By applying a result from the
theor& of Generalized Correlatiop16 we can see that the
A
decreasing, then RA(rl;ul) is, in general, neither mono-
tone increasing nor aecreaéing and as such the sigp of r
covarignce is indeterminate. ’That is, if the household'
behavior is characterized by coﬁstant absolute risk-
aversion, then increased (decreased) riskiness in the
distributién of weather'without changing its mean will
increase (decrease) migration. In that case, public °
policies designed to provide improved érrigation and flood

control, for example, even if they do not increase the

*

.productiéity of land, ;ill reduce migration by reducing

the riskiness of farming.

‘

Next, we consider a shift in the mean of the distri-
bution of rl_without changing its variance. Following

Sandmo {1971, p. 69] we define r{ =r + 8, with 0 as the

#

~
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initial value of 6. Correspondingly the household income

Pl -

becomes

% , Y=f(F1+e) + (n-a)wuz

-and the first order condition for an interior maximum is

[y

given by
'E[U'(Y){fl(rl+e)‘- wuz}] ='O ’ , (17).
Implicit differentiation of (17) with respéct to 8 and

setting 6 = 0 yields

¢ 0

£

RS . N
da _ f . _ 11-_1 '
. =" 5 g_[u (x) {flrl V“z}'] D“1-:‘[(1 ‘Y)]
’ — £ Cov[R L}' (Y‘) {f" -Wi. }]—fl"*E[U"":(Y)‘]
= p “OVIiRy M1F1ITV, D M

2

The second term is uhambiguPusly positive: The first term

will be positive if cevariance is negatiye. If RA is non-

increasing,'the covariance c¢an bg sﬁown to be non—positiye

so that the first term is non-negative. Siﬁiiafly if Ry
is increasing thefirst term bécomes negqtive. Hence we
can conclude that %% is positive if»ﬁhé hdusehbid's
absoluée'risk-aversion is non-increasing.and~positive or ’
negative if it is increasing depending on' the relative

" strengths of the two terms, the former represénting in-
come effect and the latter substiiutioﬂ effect re- *

Vspectively.l7

One can consider improved férming «tg;h—
.niqueéaand factors like high-yielding seeds and modern R

’ fertilizers as equivalent to rightward shift in the dis-
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tribution of ry- ‘
It may be interesting to see how a household re-
sponds to marginal impacts on uncertainty if its behavior
'is characterized by risk-neutrality. From the foregoing
analysis we can easily deduce that a mean-preserving
change in variance will have no effect-on~migratioh. But
in the case af a risk-preserving shift in the distribution
of the random'yariab;e, a risk-neutral household behaves
just like a household with non-increasing absolute risk-

{

aversion.

A shortcoming of our ;nalysis is that we cannot
evaluate a policy which affects both the riskiness and
mean of the distribution of the random variable simul?an-
eoué‘l‘y, Inde‘ed, many public policies may have such dual

effects. However, the economic theory of yncertainty has

" not yetydeveloped tools to handle such situations.

III.3.2. Household Sizé‘%nd,Migratioq//

Certain institutions like joint familieé18 are grad-
ually djisappearing from peasant societies. Also";he im-
pacts of family planning programs and education-'are cur-
rently being)felt by many such societies. The net re;
sults of all these changes may bg a reduction of the size

of the household. Here we analyse the impacts of such

reduction on migration. Implicit differentiation of (9)

with respect to n yields




-
é
-wi » .
da 2 " - ) -
s = —p EIU (Y) {£,r,-wn,}] :
Wi,
= 5= Cov[R,, U (Y){flrl—wuz}]
by (9). Assuming that the household is risk-averse, we

have three possibilities: (a) Ry decreasing, implying

that the covariance is negative so that %% > 0. That is,

under decreasing absolute risk-aversion, as the household
size decreases so does the number of persons working on

the farm. But it is not clear whether migratioﬁ will in-

‘crpase, remain constant or decrease which depends on

whether %% % 18 (b) R constant} which makes the co-

A
variance vanish so that %% = 0. That is, there is no
change in the farm labor corresponding to a change in the

~
household size. It implies that the full change will be

reflected in reduced migration., (c) Ry

. : . - ‘ da o
ing that covariance is positive and hence T 0. Here

reduation in household size leads to ar increase in farm
s . t .

rd

labor. It implies that any reduction in household size

increasing, imply-

will be more than compensated by reduced migration.

—

III.8.3. Farm Size and Migration

In mogt peasant societies the typical family farm is

-

very small. Moreover, in most tropical agriculture each

generation of peasant households inherits a farm less
< ’ - ’ -

than half the size of that of 'its immediate predesesor

due to unprecedented population growth. Here Qe analyse -

A
oy
s

g
-~ f

I o’

ari
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the implications of the farm-size reduct%on on migration. -
- - . 2

Differentiation of (9) with respect to H yields

%a 1

—_— = e " - ] -
i 5 E[U (Y)fzrl {flrl wuz} + £,, U (Y)rll (18)
_af _3f1 . . s
whert f2 = 5H and fl2 = 55{ va19usly f2 is positive,

and it is reasonable to assume that f12 is also positive.

Using the definition of Y, (18) can be further simpli-

\

fied to %wet -

f2 . : fz(n—a)wu2
= = Cov[RR, U (Y){flrl—wuz}] - 5

Q

ca
oH

-

‘ f
CovI[R,, U'(¥) {£;r -wu,}1- =2 E(U' (¥)r,]

where RR(Y) is t#:/ﬁrrbx:?ratt relative risk-aversion
. . ' N -U"(Y)Y
function Qeflned. s RR(Y) S T If the household .

is risk—néutral, the first two terms vanish and since the

last term is always positive, %% > 0. However, if the

household is risk-averse, the-@irgt\term is posi&ive,

~

- / .
zero or negative depending on whether R, is decreasing,

R
constant, or increasing. But consistent with these pos-
sibilitieé the only assumption regarding absolute risk-
aversion is that it is décreasing and-in that case the
second term beéomegjnegative. Hence in general %% is -
indeterminate in sign.if th ‘household is risk-averse.
As argue& elsewhere, risk eutralit{'may be a reasonable

behavioral assumption for richer farmers. As such land

reform measures may induce the richer farmers to migrate

t
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. »
to cities. However, it is less likely that they may join

the urban 'murky’ sector. )

e
I1I1.3.4. Change in Urban Earnings and Migration

A change in urbahyearnings may be due to either a “

change in the maximum wage w or a change in the fraction

19

Hy of it earned by a migrant. The correspondihg com-

parative static result is given by

da__ (n-a)
awuz D

Cov IR, , U'(Y){flrl- wu2}1

+ -é- E (U’ (Y) ] (19)

If the household is risk-neutral, the first term in

(19) vanigshes. But, since the second term is always
. )
negative, 333 < 0. That is, a marginal increase in
2
urban earnings will ‘increase migration. The same conclu-

. 8ion can be\érrived at even if the household is-risk-

//éverse but absolute risk-aversion is non-decreasing, as

L]

//// in this case the first term becomes non-positive., But if.

the household behavior is characterized by decreasing
v

absclute risk-aversion, ‘then the first term of (19) be-

coges positive and hence the sign of aa:

will depend on
2 -k

the relative magnitudes of the two terms, the former
representing gncome effect and the latter, substitution

v . :
effect respectively.
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III.3.5. Income Tax and Migration

As explained in chapter II, income tax plays only a
minor role in most developing countries, either as a
source of government revenue or as a tool of income dis-
tribution. Another feature is its selective nature. In
many of these countries‘there is some sort of urban
income taxation but there is no similar tax on rural in-
comes. On horizontal equity grounds this differential
treatment can be objected to. But extension of income
tax to agriculture is usually resisted on grounds that.“
this may adversely affect agricultural production and may
make rurél living less attractive and hence induce more
people to migrate. But these objections need not neces-
sarily be true if uncertainty in agricultural output is
explicitly taken into account.

— Here we consider the effecEs of marginal changes in
incom® tax (or introduction of income tax) on three types
of incomes separately, namely (1) the entire household
income (2) urban income alone and (3) rural income alone.
Also we consider tﬁo types of income taxes separately:

(a) proportional income tax and (b) progressive income
tax. For the purpose of the following analysis we assume
that the tax revenue is spent by the government in a non-
distortionary manner. Also, we are fully aware of the
practical difficulties‘involved“in the implementation of
sophisticated income taxhtion. As indicated in chapter

1I, a workable scheme suitable to the particular country's

N

112




B S — : I

]

socio-political institutions should be devised. \J

(a) Proportional Income Tax

(1) Tax on entire household ingome: The after tax income

is-given by
Y = {fr, + (n-a) wh, } (1-t) } (20)

where t is the proportional tax rate. Implicitly differ-
entiating the corresponding first order condition and

evaluating the derivatives-at t = 0, we get

sa_ 1 "
TE= 5 E[U (Y)Y {flrl-wuz}]

<

1- '
5 Cov IRy, U (Y)'Elrr-wgz}]

It is easy to see that if the household has increasing

>

relative risk-aversion, then -%gis positive, implying that
a marginal increase in tax rate reduces migration. On the
other hand, if the ﬁousehold is risk-neutral or risk-
averse and relative risk-avérsion is constant, then mar-
ginal &ncrease in t;x rate has no .effect on migration.

And finally, if it has decreasing relative_riék—aversion,
é margin§l increase in proportional income tax rate will
increase migraéion. An intuitive explanation for these *

conclufions is as follows. A marginal increase in pro-

- portional income tax or-the entire household income is

.

s " equivalent to A proportioqpl reduction in income from

both sources. A household with increasing relative risk-

2

- T TN
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aversion reacts to this by increasing the proportion of
its labor force engaged in *the risky venture, that is,
farming. Similar explanations can be given for the cases
of constant and decreasing’relative risk-avérsion also.
(2) Tax on Urban Income Alone: The after-tax income of

the household is given by
Y = frl + (n—a)wuz(l-t) 4 (21)

Proceeding as before, we get

ca —(n-a)wu2 iy

_ W
—% E[U’ S

The second term is unambiguously positive. Covariance is
positive, zero or negative depending on whether hoysehold
has ihcreasing, constant or‘aecreasing absolute risk-
aversion. Hence we can conclude that if the household
has non-decreasing absolute risk-aversion, then an in-
crease (decrease) in tax rate on urban\income decreases

(increases) migration. If we make the more reasonable

assumption of decreasing RA' then the result depends on

the relative magnitudes of income and substitution effects,

the former being negative and the latter positive.
(3) Tax'on Farm Income Alone: The after tax income can

be written as

Y = frl(l-t) + (n-a)wu2 (22)
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We can get

Ja ?

- _ 1 ' _
Y~ =" b Cov [RR'U (Y) {flr:1 wuz}]
| AR

(n;a) wuZCoz[R ,U'(Y){flrl-wuz}]

f

The third term is unambiguously negative. If the house-

~

hold is risk-averse, in general, the sign of %? is in-
' determinatg. If it has increasing relative risk-aversion
and decreasing absolute risk-aversioﬁ, for example, then
the first two terms are positive. Thus it is clear that
with uncertainty in agricultural income, the effect‘of
farm income taxation need not be increased migration.
(b) Progressive Income Tax
- ‘

Here we consider a proportional income tax with an

exemption level, which is equivalent to a linear progres-
‘

sive tax with negative income taxation. Let t denote
- the marg;nal tax rate and K, the level of exemption. i
(1) Tax on Entire Household Income: The after tax in-

\
come is given by

Y = {frl + (n—a)wu2 - K}(1-t) + K (23)

Totally differentiating the corresponding first order

condition with respect to t, evaluating the derivatives

at t = 0 and after sgme simplifications, we get

n e m—— . A



Ja

- - 1 v ' -
i SE3) Cov[RR,U (Y){flrl wuz}

+ TT§ET5 Cov[RA,ﬂ'(Y){flrl—wuz}]

If RR is increasing and RA is decreasing simultaneously,
then the first covariance is positive and the second co-

-variance is negative so that both terms are positive and

fJa . . .
hence % > 0. If RR is constant and RA is decreasing,
ca

then also —§£> 0. However, if RR is decreasing and RA is
, oa .

also decreasing then the sign of —gidepends on the rela-

tive magnitudes of the two terms. Finally, if the @ouse-
hold is risk-neutral, then -%€= 0. Hence we can conclude
that under the most reasonable assumptions regarding‘risk—
behavior of the household, a marginal increase in the
progressive income tax rate on the entire household in-
come will decrease migration.

. To analyse the effect of a marginal .change in the
exemption level on migration, totally differentiate the

first order condition corresponding to equation (23) with

respect to K and get

Ba_ t ' P -

It is clear that.-%§ 20 depending on whether R) 0.

< A

That means, in the most likely case of decreasing absol-

Pl .
ute risk-aversion, an increase in the exemption level de-

creases migration.
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(2) Tax on Wage Income Alone: The after-tax income is

given by

Y = fr, + {(n—a)wuZ—K}(l-t)+K (24)

1
Proceeding as before, we get

- _i?; -{(n-a)wuz-K}
t D

Cov[RA,U'(Y){flrl-wuz}ﬂ

Wi,
e E[U' (Y)]

and

b

“da_ t .} _ _
K 5-C0v§RA,U'(Y){flrl_wuz(} t})

It can be shown that the sign of-%%is determinate
- and positive if 1) R

A
creésing and the exemption level is higher than the house-

is non-decreasing or 2) RA is de-

hold's income from urban sector. If R, is decreasing and
the wage income exceeds the exemption level, then the

sign of -gzdepends on the relative magnitudés of the two
terms in the expression for —%z, the former representing -
income effect and the latter, substitution effect. Final- ]
ly, if the'household is risk-neutral, then/f?%> 0. The
expression for-giis same as that in case (1) and hence

the conclusions are identical to that of a tax on the

i
»

entire income. i

(3) Tax on Farm Income Alone: After-tax income of the

household is givén by

o




o

Y = {frl-K}(].-t)+K+(n-a)w1,12 ) (25)

The correspondingkcomparative static resu'lts are:

32 -2 cov[Ry, U’ (¥) {£,r,-w,}]
{K+ (n-a)wuz} o .
+ g2 CovIR,,U’ (¥) {£;r)-wiiy)]
£
+ & E[U' (Y)rl]

and .

-,j_;‘ = £ CovIr,,U' (¥) {£,7, (1=t) =wn, ]

*

Undgr the most reasonable assumptions of increasing rela-g
tive and decreasing absolute risk-aversions, —%%becomes
indeterminate, as the first two terms become positive and

the third term is always negative. The only case in which

the sign of ,3: is definite is the case of risk-neutrality
and then it is negative. The expression for o2 is same

oK
as that of earlier cases and hence the same conclusions

Ld

follow.

A general conclusion of the above discussion is. that
marginal changes in tax parameters will affect migration
decisions of 1':he household. However, the dgcisions 'will
critipally depend on the attitude -of the household towards
risk-taking and also the relati‘onshig, between the risk-
behavior and the level of the househg){i income. Also, in

general, the results are dlfferent from those based on

] - -
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de{g}ministic models. For example, under reasonable ° -

assumptions, it can be seen fhat an increase in agriqul—'

tural income tax rate may actually decrease migratidn.

This result is not surprising. It is an extension of a

similar result in the analysis of taxation and risk-taking,
/

namely, increased taxation encouraging risk-taking under

very reasonable assumptions on risk-aversion. Since urban

income is certain and agriculture is the risky prospect,

w

the anaiogy would seem to be appropriate.

III.4. Uncertain Urban Income and Peasant Migration:

Here, in the Harris-Todaro tradition, we treat rural

income as certain and migrant's urban income as uncertain.

+

Let

(2
]

p = fa, H) . (26)

(27)

‘1
i

(n-a)wrz

=

where r, is a random variable such.that 0 = 1,

T2
E(rz) = U, and V(rz) = og, a finite qq@ntity. The urban
income vapies from 0 to w depending on the fealizatiqn of
the'random variable r,. If one treats w as minimum wage,
then r, takes only two values, 1 with probabiiity M, and
0 with probablllty (l—uz) All other definitions and
assumptlons remain same as in section 2 of this chapter.

The total household income is given by

Y = f(a, H) + (n-a)wr, - (28)
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Assuming that the household chooses 'a' so as to maximize

L4

expected utility of income, the,first and second order

conditions for an interior solution are
E[U'(y){f1 - wrz}] =0 (29)

and

E[U"(Y) i, - wr2}2 + U E 1 <0 (30) €

respectively.i Equation (29) can be rearranged to get
.'} N

£ E[U'(Y)r,]

_l. = . 2 (30')
W E[v(Y)] ‘

“~

which has the usual interpretation. The counterpart of .
Harris-TodarQ‘pigration equilibrium fog’our model is p .

given by

’ \
£, = Wi, (31)‘\\J,,J/

where My = E(rz). One question naturally raised by the

s

intrdduction of explicifr uncertainty in hrban income is
how does the optimal allocation of labor between farming
and job-seeking compére with the Harris-Todaro allocation.
Following the procedure established in section 3 of the

present chapter, it can be easily shown that if ﬁhe house-

hold is risk~averse, then

< : .
£, = wi, | ‘ _ (32)

This implies that compared to Harris-Todaro result fewer

L}
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}aborers will be going to the city.
In order to analyse the effects of marginal changes

in thé moments of the distribution of r, on migration we

follow the teéhnique adopted in section 3.2.’ Defining

2 2

implicit differentiation of the corresponding first order

r* = 6r, + 8 and imposing the restriction g% = “Hy

condition after some simplifications gives

aa_ 1 ' - - L £
35 = Tamatwp COVIRgs U () {Ey-wrpdl - § iy k!

COV[RA,U' (Y) {fl-wrz}] + %’- E[U' (Y) (rz-uz)]

It can be easily shown that if the household is risk-

averse, then E[U' (Y) (r ) = 0 and hence the last teim

272
is positive. Now, U'(Q{ﬁfl—wrz} is negatively monotone

-

with respect to E[U'(Y){fl-wrz}] = 0. Hence if Ry is
non~-increasing, then the first two terms become non-
negative. Thus under the most reasonable risk-beha;ior
6n the part of the household, —g—gbecomes positive which
implies that a decrease (increase) in the riskiness of .
urban income incEFases (é!creases) migrétion. One can
think of a number of public policies like minimum wages
and assured urban housing and other public goods which
have the effé;t of reducing the riskiness of urban incoﬁe.
All such policies will tend to increase migration.

In a similar manner, defining r* = r, + 6 and follow-

2 2
ing the method adopted in section 3.1 of this chapter, we

get an expression for the effect on migration of a risk-




preserving change in mean of the distribution of r, as

da - Inm2w coyr,, Ut (v) £ wr, ]+ B OE(UT (V)

which can easily be shown to be negative if R, is non-

A
increasing. One can think of a number of public policies
which in effect enhance the mean of r2 and hence induce

migration.
As was argued in section III.3.2, the household size
may be subjeg¢t to changes due to public policies like

family planning\programs and education. We can easily get %
!
u

2a _
an D(n-

} Cov[RR, U'(Y){fl—wrz}]

- 5TH§3T Cov[R,, U’(Y){fl-wrz}]

Under the most reasonable assumptions regarding household
behavior, namely increasing RR and decreasing Ry» the
above expression can be clearly seen to be positive. It
implies that as household size increases so does the num-
ber of people working on the farm. But our model will not
make it clear whether migration will increase, remain un-
sa <

changed or decrease thch depends on whether -5 5

As in section 3.3 we can get an expression for the

1.

effect of change in farm size on migration as

£ f

2a 2 Cov‘[RA,'U' (¥) {£;-wr,}] -

) 12 .
oH D

5 E[U' (Y)]

Making the same set of assumptions as in section II1I.3.3,




WA | gy agd iy,
- Mgy *

123
the second term is unambiguously positive. Firstterm is
>
positive, zero or negative depending on whether RA = 0,

Following the progeduxe of section II11.3.5, tHe
effeéts of ﬁroportional and progressive income tax on .
various types of incomes can be analysed. Below we sum-
marize the effects of.proportional income tax on migra-
tion. |

(1) Tax on entire' household income:

Jda _ _ 1 ' _ < .
St =~ =00 Cov[RR,U’(Y){f1 wr,}1 5 0 depending
>
on whether R§=§ 0.

(2) Tax on farm income alone:

1 'fl <
- § CovIR,,U" (¥) {f;-wr,}] + 5 E(U' (V)] 5 0

2a
ot

if RA 2 0 and in determinate if RA < 0.

~

(3)- Tax on wage income alone:

_a_a=-.]:.Cov[R U'(Y) {£,-wr }]"’ﬁ‘
2t D A' 1l 2 D

' - A ' ,
Cov[RA.U (Y){fl wrz}] 5 E(U (Y)r2] >0

if U"(Y) = 0 and depends on the relative

magnitudes of the three terms otherwise.

In a similar manner we carn analyse the effect of )

marginal changes in the progressive tax rate %nd level of

exemption oh different incomes.




'Also a comparison between the results in section
"III.3 and the present section clearly brings out the
‘policy implications on migration of the relative security

. :

; .
of rural versus urban incomes.

III.5. Concluding Remarks

b4 /
Al .

The discussions in the foredgoing sections are based

on a rather simplified model of rural urban migration.
&ce our bas1} concern is to explore the implications of
uncertalnEy in agricultural prodfction on mlgratl‘ even ’
this simplified framework may be“}ustified as a first

step. Moreover, we are able to bring forth certain queli—/
tative results having oﬁg}ous policy significance. Pef—
haps the most significant policy conclusion emerging from
the present analysis is the great difficulty of sub-. |
sténtlally reducing migration without a concentrated

effort at making rural life more attractive in the sense

of reduc}ng_uncertainty in farm income. Un}ess the risk

of farming is substantially reduced or transferred from

the farmer through a process of social risk-taking, the . ‘ﬁ
peasants will continue to move to the urban areas even if
there is no institutionally fixed high minimuﬁ'wage. |
Also, our analysis’reinforces the original Harris-Todaro
conclusion that économist's stanhard theoretical policy
prescriétion of genérating’urbﬁn employment opportunitieg

through the use of 'shadow prices’ impiemented by means

Ca
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of wage subsidies or direct government hiring might, in

fact, exacerbate the problem of urban unemployment and

—

under-employment. As Todaro (1976, p. 222] put it:

There would thus appear to be no strictly urban solution
to the urban unemployment problem. Rurél development is
essential, -

J However,—our conclusioﬁs critically depend on the
characterization of risk-behavior of the rural households.
The center-piece of our analysis is the assumption of
risk-aversion. But, in many cases, for definite qpalita:g
tive res&lts we have to assume specific functional forms i
for the risk-aversion functions. 1In most cases the
validity of our conclusions critically depends on the re-
liability of the implied assumptions which need empirical
verification. .

FPinally, our model calls for modifications and exten-
sions in at least three directions. An obvious modifica-
tion is to allow for labor-leisure choice, especially in
the rural sector because in most peasant societies farm-
ing is more of a way of lifg‘than just a meaﬁs of liveli-~
hood. Secondl}, the partial equjlibrium framework employed
here limits the scope of any discussioh of;welfare impli-
cations of the various public policies and a hatural" -
extension may be to develop the analysis in a two-sector
ff&mework. And finally, the very nature of agriculture in
the present-day developing countries regquire a dynamic

framework for a more useful discussion of any public policies.

Al




‘This may be a rather restrictive assumption. It can
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Footnotes

There is a vast literature in this ‘area. Some impor-
tant examples are Nurkse [1953), Lewis [1954],
Rosenstein-Rodan ([1957]), Ranis and Fei [19611 and
Sen [1966].

The pioneering work in this area is by Jorgenson;
See Jorgenson [1961, 1967].

For specific results and the conditions under which
they are derived, see Todaro [1976], p. 216-20, for
example.

Some examples are Stiglitz [1969, 1974], Bhagwati and
Srinivasan [1974, 1975], Fields [1975], Bhatia and
Sharir [1976], Todaro [1976] and Blomgqvist [1977].

\

Here we identify rural income with farm income. Since
the rural economy is built around agriculture, a bad
crop means poor income to all rural people except per-
haps to the money lenders, even though they may have
40 suffer due to default risk. ,

Bhatia and Sharir t1976] is an example.

A typical migrant is not a solitary fortune-hunter
who gets lost in the city. His purpose is mainly

to augment the household income and as such migration
is essentlally a household decision, the risk.of.
which is collectively borne’ by the household.

be jusfified either (1) by assuming that all peasant
households are identical or (2) by ajuing that the
rural labor demand is a random variable with high
positive correlation with the weather uncertainty.

This may be a strong assumption as group preferences
may not always satisfy the transitivity axiom re-
quired for the existence of a utility function. It
is possible, therefore, that this approach implicitly
assumes that the household's reactions to changes in
its environment are more predictable. and stable than -
they really are. However, we can agree that in most
households decisions are essentially made by the head
of the household and they are made in the best inter-
est of the entire family and that in most households
preferences are sufficiently similar to justify the
existence of a groyp preference function.
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10. One can argue that r; and r; are positively cor-
related. For example, a bad harvest due to bad
weather conditions may adversely affect job prospects
in urban areas with a certain time-lag. However, in
a short-run model like ours, independence of r] and
r2 may be a reasonable assumption.

&

11. Our treatment of 'a' as a continuous variable can

be defended by redefining n and a appropriately.

For example, n can be defined as the total number

of man-weeks or man-days at the disposal of the
household and n-a as the total man-weeks or man-days
spent in the city. It is a usual practice among
peasants to migrate to cities during the slack sea-'
sons and to return to farms during planting and harvest-
ing seasons. )

12. Samuelson [1967], pp. 5-6. .

13. Consider, for example, the case of a villager coming

' to Calcutta where he earns daily a couple of rupees
by carrying luggage whereas back at home there is a
fifty per cent chance of his entire rice crop being
destroyed by floods.

14. When ry; <u1, Y < E(Y) so that U'(Y) > U'[E(Y)].
Therefore U' (Y) (ry1-u1) = U'[E(Y)](ry-uy) for ry <u,
, also. : ’

15. See Rothschild and Stiglitz [1970]. For details,.
see Appendix A.4.

16. See Scheffman ([1974], pp. 278-79. Also see footnote
16 of chapter II for details.

17. This can be easily verified as follows: Totally
: differentiate E[U {f(r;+8) + (r-a)wuz}] = ¢, a con-
stant. The result can be expressed as dx, where x

stands for any one of the parameters in the system.
Then, totally differentiate the first order con-

dition viz E[U'(Y) {f3(r3+6)>wuz}] = 0. Simplifying
the resulting expression using the result dx,
£,E[U' (Y) ds

we get.-%%l__= - =5 , which is obviously the
g

second term in the expression for %% in the text.

It immediately follows that the first term of the
expression stands for income effect.

12

>
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18. Joint family system used to be very common in vari-
ous parts of India. According to this, several re-
lated nuclear families live together and operate a
large joint farm. This can be considered as an
ideal form of cooperative or mutual enterprise except
that membership is restricted to close relatives.
Sharing of risks used to be one of the primary goals

. of this arrangement. A common criticism of this

institution is that it reduces incentives to hard-
work and initiative.
~”

§

19. Also this can come about due to specific public
policies like improving the living conditions of
the poor in cities, providing better public trans-
portation, health programs and other public ameni-
ties.

20. Bhatia and Sharir [Ibid] reached essentially the
same conclusion using a different model.




CHAPTER IV

A THEORY OF AGRICULTURAL INSURANCE '

IV.l. Introduction

A major role played by insurance programs includes
the indemnification of risk-averse individuals Who might
be adversely affected by natural phenomena of a proba-
bilistic nature. By pooling the individual risks, insur-
aaéé leads to Pareto-preferred states. Just like the stock
markets, iﬁsurance, by offering the possibility of shift-
ing risks, also enables individuals to engage in risky
activities which they would not otherwise undertake. To
quote Arrow:1 I may well hesitate to eregt a building out
of my own resources if.I have to stand the risk of its
burning down; bﬁt I would build if thé building can be
insured against fire. As was discussed in chapter I,
agriculture is one sector of any economy where uncertainty
due to natural hazards has an important effect on decision
making. But, unlike most other risks, agriculture ;s con-
sidered a bad risk and insurance is seldom provided by

the market. Even in advanced market economies, all-risk

crop insurance contracts are offered only by public sector
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agencies. In developing countries, where the need for crop
insurance protection is even greater,2 practica%}y there
exists no such mechaiism. .

The purpose of this chapter is to develop a theory of
crop insurance within a general equilibrium framework. We
begin by clarifying certain conceptual and analytical
issues which demonstrate the need for a separate theoretic
analysis of crop insurance. Then, we provide certain
theoretical justifications for the non-existence of compet-
itive crop insurance markets. And finally, we develop a

theoretical model of public crop insurance and analyse its

properties.

IV.2. ©Salient Features of Agricultural Risks

A standard insurance situation is one where the in-
surance agency has reasonably objective knowledge about
the risk involved, a large number of similarly exposed
individuals are involved, the incidence of risk is inde-
pendently distributed over individuals and the individuals
can in no way influence the nature and occurrence of
the risky incident as well as the amount of indemnity re-
ceived, once they buy a policy. In such an idealized con-~
text insurance contracts will be traded like any other
contingent commodity and the premiﬁm will be determdhed
like any other price by the forces of demand and supply.

The risk associated with crop failure is perhaps one

situation where nome of the above criteria is satisfied.
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Any objective information regarding crop failure has to
come from time series data. These data, by farm or
homogeneous region, are hard to gather - especially in
developing countries, The farmers may be far from simi-
larly exposed to riskiness of crop failure. The indi-
vidual farmers themselves méy have fair knowledge about
their own risk position.  But the insurance agencies may
not have-and as such they cannot distinguish among custom-
ers. This usually leads to the problem of 'adverse selec-
tion'; that is, only high-risk farmers will buy insurance
and hence insurance companies will incur heavy loséés.3

As Spence and Zeckhauser [1971, pp. 380] noted, there
should be substantial independence in the incidence of the
random event for the existence of'insurance contracts. If
this condition is not satisfied, the working of the law of
large numbers on which premium and indemnity are based
breaks down. ‘Unlike most other insurance situations, in
the case of crop insurance the incidence of risk is not
independently distributed among the individuals. Good or
bad weather conditions may have similar effects on large
number of farmers in ;djoining.areas. For example, a flood
may wipe out the crop of all farmers in a region. Only
. .
insurance agencies covering greatly varying agro-climatic.
areas can hope to face up to a situation like this.4 *

A very important problem facing risk-shifting in
general and insurance in particular is 'moral hazard'.

The insurance policy might itself change incentives and
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therefore the probabilities upon which the insurance
company relied upon. 1In other words, moral hazard is’the
tendency of an insured indivi’dual to take less care in
preventing loss than‘an‘uninsuréd ;ounterpart. In this
case the insurance is bearing socially unnecessary risks.
It is in this context that Arrow [1971, pp. 220] stated
that if the amount of insurance payment is in any way de-
pendent on a decision of the insured as well as on a state
of nature, then the effect is very much the same as that
of any excise tax and optimality will not be achieved
either by :the competitive system or by an attempt by the
government to simulate a Qerfectly competitive system. In
the case of crop insurance it may be fair to say that the
individuals hgve no’control over the state of nature. .But
depending on the nature of the contract, the individual
can affect the amount of indemnity.

In section IV.3 we attempt a formal proof>that a

competitive crop insurance market may not exist at all.

IV.3. Competitive Crop Insurance Market
Consider a peasant economy composed of a large number

of identical farmers owning 'A.' units of land each. A

0
typical farmer's income.measured in units of'the homogen-

eous agricultural output is given by:

Z2 = KA'n + r(ag-A) ' ¢S

where K is a positive scale factor, A is the area under
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cultivation, o is the output.elasticity of land, n is a
positive random variaéle representing the uncertainty in
agricultural output due to natural hazards and r is the
secure income per unit area of land rented out.5 Further,
we assume that r > 0, 0 <a <1 and n is distributed with
a probapility density function dP(n) such that E(n) = n ‘
and V(n) = 02 < a.

In the absence of crop insurance, the farmer chooses
' the area to be cultivated so as to maximize the expected
utility of his income. We assume that his attitude to-
ward; risk can be summarized by a Von Neumann-Morgenstern
utility function. Thus the mathematical formulation of
individual farmer's problem is:

Max

(a] EU &Ka%n + r(a,-3)}]

The‘first order condition for an interior extremum is
, a-1 L ’ :
E[U' (Z) (KaA n-r)} = 0 (2)

Equation (2)-states, in effect, that E[U'(Z) %%]= 0

/
which has a straightforward interpretation. The second
order sufficiency condition for expected utility maximum

is given by

‘a—2

2 4 U'(2)Kala-1)A , 1.< 0 (3)

E[U"(Z)(KaAa_i—r)

It is clear that if the farmer is risk-averse, that is,

U"(2) <0 and a <1, then the second order condition will

al‘te satisfied.
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In order to.focus on the insurance market, let us “
v L LN .
make the simplifying assumption that there are only two
states of nature. State one occurs with probability (1l-p)
and n takes the value n,; state two occurs with proba-
bility p and n. takes the value n,. The farmer's incomes
in the two stdgtes are given bf

2, = KA“n1+r(A0—A) with probability (1-p) (4a)

Z, = KAan2+r(AO—A) with probability p (4b)
Let ny > n,- Assume that competitive insurance firms exist
which offer insurance coverage of (KAanl—KAanz) at a pre-
mium of g per unit area. If the coverage ratio is 'a',
then the premium per unit area will be aq.6 With insur-
ance, the farmer's incomes in the two states are given by

= xa% -A) - '
Yl = KA nl+r(A0 A)-agA (5a)
Y. = KA%n_+r(A.-A) + a(Ka®n,-Ka%n,)-aqa (5b)
2 2 0 1 2

For further simplicity, we let n, = 1 and n, = 0. Therefore

Y, = KA“+r(A0-A)-an : (6a)

Y, = aKAO‘+r(A0-A)-an ' (6b)

Expeéted utility of income of the farmer is given by

vV = (1-p)u(Y,;) + pu(y,) (7)

i

Assuming that insurance firms are risk neutral,7 a typical

¢
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firm's expected profit is given by

(1-p)agqA ~ p(akKA%-aga) (8a)

=
0

or

agA-paka® (8b)

=
i

A competitive solution can be defined either as

(a) Max . _
la,A] V subject to m = 0

or

(b)) Max

(q] T subject to V = constant.

We use the first definition. That 1is

-

MaX g - (1-prucyy) + puY,f

[a,A]

subject to
o= anfpaKAa = 0 => g = pKA
That is

Max

- _ 03 _ - o
[a,A] V = (1-p)U{KA +r (A -A) apKA™}

+ pU{aKAa+r(AO—A) - apka®%}
The first order conditions for an interior solution are

(1-p)U' (Y;) (~-pKA®) + pU'(Y,) (KA®-pKA%) = 0 (92)

)
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(1—p)u'(yl)(KaAa‘l-r-apKaA“'l)

+ pU'(Y2)(aKaAa-Lr—apKaAa-l) =0 (9b)

Equation (9a) implies that optimal 'a', a* is such that
U'(Yl) = U’(Yz). Since sufficiency conditions require
that U"(Y) < 0, this can be true only if Yl = Y2 =Y,
which implies that a* = 1. That is, farmer will choose
full coverage if insurance is offered at actuarial odds.
Similar results are obtained by Mossin [1973, pp. 23-24]
and Rothschild and Stiglitz [1976, p. 634] in different

contexts.

* Now, the second equation becomes

(1-p)U'(Y)(KaAa—l—r-pKaAa_lL

+ pU' (Y) (KaA® 1or-pran® 1) = o

. That is

(1-p) (KaA% " 1-r-pKaa® 1) + p(koa® l-r-pkan® b = 0
i.e., Koa® L-r-pkaa® ! = 0
i'.e., K(].Aa—l(l-p) =r
: o-1 _ r
. i.e., A = KT
' ~
Therefore
_lT .
* = r -
A* = Igmpra) (10)
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q* = pra®"l = PL___ (11)

Thus we can see that in this simple case of identical
farmers there exists a competitive solution where every-
one buys complete insurance at actuarial odds. This model

also determines the optimal area to be cultivated A* and

the optimal rate of insurance premium g¥*.

®Imperfect Information: Two Classes of Farmers

"The simple case considered above is an exception
rather than the rule in)most peasant agriculture. Absence
of adequate information by the crop insurance firms may be
a genuine problem. In general, the cost of collectionAof
such information may be prohibitively high.

Here we assume that farmers belong to two groups

(a) high-risk farmers with probability of crop loss pn;'

(b) low-risk farmers with probability of crop léss pl < ph.
If the fraction of high-risk farmers is A, the average
probability of crop failure is

5 = apt+(1-0)pt , T an

In a situation like this, there can be two types of
equilibria: pooling equilibria in which both groups buy
the same contract; and separating equilibria in which

‘different jroups purchase different contracts.

g The nature of imperfect information is as follows.

Every farmer knows the group he belongs to, but a typical

.insurance firm does not have this information. All that




the insurance firms kndw is that some of the farmers are

- -

high risk and some are low risk. The farmers are stili
identical with respect to their tastes, technologies, 'f
endowments, and the manner in which nature affects their °
crop yields. They differ only with respect to the frequen-

»

cies with which the good and bad states of nature visit

4

them. In the abhsence of insurance, real incomes of farm-

ers are given by

= Z? = anAa+r(A0—A) with prob (l—ph) (13a) =~ -
(high risk) ‘

Zg = nzKAa+r(AO—A) with prob ph (13b)

1 _ o . T o1
Zl = anA +r(A0—A) with prob (1-p™) (14a)
. (low risk)
z1 = n_KA%r(A_ -A) with prob pl (14b)
. 2 2 0 "
4

Also note that in this case, we assume that the farmer's
L4

choice of A has already been made, and this has been done
independent of the insurance contract to be chosen. Also,

for added simplicity, we assume that the chosen values are

Ah = Al = A.. The insurance contracts are similar to the

ones discussed above. All farmers insure a fraction of
(nl—nz)KAOL at a certain rate of premium offered by the

market. Letting n, = 1 and n, = 0, the real incomes after

insurance can be written as '3

a h . l/h
KA"+r (A -A)-a'q A with prob (1/p") (15a)
(high risk) ' ’ 'L.
r(A,-A)+a"ka%-a"q"a with.prob p"  .(15b)

h

e

o

Al
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: Y, = KA°+r(Ao-A)-a1q1A with prob (l-pl)‘ (l6a)

(low risk)

N

Y, = r(AO—A{+aIKA°-a;qlA with prob pl (16b)

v

‘The set of market opportunities, that is, the set of all

contracts that break even,\is given by

T = Afa th-phath 1 + (1-2) (alqta-pralka®] = 0 7

Case 1: Pooling Equilibrium

We define a pooling equllxbrlum\es one where everyone

buys the same contract, denoted by (a, q) where a= ah = al
and q-= qh = ql. The market opportunities are then simpli-
fied into ’
. aga-apkKA =0 ' (18)
g =pra*? | (19)

- " Since A is given, the premium rate is determined by p.
’ However, it jis easy to see that such an equilibrium will
not be achilied‘sinee utility maximizing farmers choose to
buy-different amounts of insurance coverage. This is seen
as follows. Substitutigy (19) in the utility functions,
the‘mafimiz}ng problem fo; Fhe high-risk farmers is given
by .

T Max y . (1-p") U(KA%+r(A.-A) - aPpRA%]
@ 0 '

. . T 4+ U[r(Ao-A) + a"n"‘ -a"pra® 1
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The first order condition is given by

hy e

(1;p )U (Yl) _ -]-'—E—E- ) (20)
pU(Y,) P

. The left hand side can be identifiéd as the marginal rate

of substitution between real income of the high-risk ™ farm-

ers in the two states of nature, while the ;ight hand side

is the slope of the fair odds line, equaiion (18), in the

. o
(Yl, Y2) space. Similarly, for the low-risk farmers, the

o equilibrium condition is
a-phur ey . : - ' -
T = =F ‘ S (21)
p U'(Yz) P

K,

Notice that Yl and Y2 can be’different for the fwo types

of farmers iffa # al. Comparing (20) and (21), it is
guite ébvious that a pooling equilibri:;‘cqpnot exist in
this contexé, in the sense tha£ both groups ofefarmers do
not demand the same coptract. 'However, one might specu-
late that a Nash eq'uilibrium8 could still exist. In a re-
cent paper, Rothschild and Stiglitz [1976], using a model |
very simiiar_to the présent one (that‘is, yith pre-
detgrmingd A), sh&wed thata Nash-type pooling equilibrium
does not exist either. . '

Case 2: Separating Equilibria

As mentioned earlier, a separating equilibrium is one

-

. where each type of farmer purchases a separate contract.




The set of contracts that break even for-the high-risk

type is gipen by

h h

(l-ph)ahq A - pM(xala%algla) = o o (22)

or

h h

9" = p KAa—l

(23)

The typical individual in high-risk group faces the follow-
ing problem:

Max "R o (1-pM urka®+r(a,-a) - aPpPra®]

(&) 0

h h_h

+ phU[r(Ao-A) + a'ka® - a'pka%]

The first order condition is given by

(l-ph)U'(Ylh) 1-oh
= =P : (24)
) Y h
prUt(Y,") P

which states that marginal rate of substitution equals the
slope of (22) ‘in (Y,, Y,) space. Clearly (24) also implies
that

o, = v (25)

-

That is, the most preferred contract by high-risk farmers

-

gives complete insurance. w
In an identical manner, it can be seen that the same

conclusion holds for low-risk farmers. However, since they

1

face different odds; the level of Y," = Y21 would be greaf-



er than that for high-risk farmers. Butthese two contracts
do not represent a separating equilibrium simply because

if both are offered everyoné would buy the latter as it in-
volves higher incomes in both states of nature. This is
due to the nature of imperfect information, namely that,
insurance companies are unable to distinguish among their
customers. Profits will, therefore, be negative and hence
the above contracts do‘not characterise an equilibrium set.
However, Rothschild and Stiglitz [1976], in the context of
a similar model, pointed out that a separating equilibrium
may exiét which involves complete insurance by high-risk
individuals and incomplete insurance by low-risk indi-

viduals. But they also point out that, indeed, such an

1
equilibrium may not exist.8

L4

Discussion

It should be pointed out that so far we have assumed
A as given, which renders our crop insurance model formal-
ly similar to the insurance model considered by Rothschild
and Stiglitz. Thus it is not surprising that their re-
sults aléo apply to our case. But it is apparent that
these results will be further strengthened if the farmer's
choice involved the simultaneous determination of the area
. to be cultivated also.9 Fyrther, an important problem in
any real worlad insurance,aapd crop insurance in particular

is 'moral hazard'. As~Arrowlo argued, moral hazard can be
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considered as a special case of lack of information. For

a successful program of crop insurance, continuous monitor-

ing of farmer's behavior from land preparation to harvest-

ing may be needed. Such information-gathering is totally
infeasible in a market insurance and thus it adds another
dimension to the information problem. Moreover, premiums
and indemnities are to be estimated on the basis of time

series data, by farm or homogeneous risk class, which do

not simply exist in most developing countries.

Thus one can conclude that the absence of crop insur-
ance market in most developing countries can be explained:
by analytical arguments. This is a case of market failure
due to information externality. But, considering the
overriding importance of crop insurance in peasant econo-
mies, an alternate solution is called for. In the follow-
ing section, an attempt is made to develop a model of crop
insurance as a decentralised plan and to characterise its

properties.

Iv.4. A Model of Public Crop Insurance

' Consider a peasant economyvcomposed qé)a iarge nuﬁber
of identical farmers owning 'Ao'units of land each. &
typical farmer's income measured in units of thé homogen-

.

eous agricultural output is given by.:

z = KA®nir (A -A) \ - (26)

But, compared to equation (1) of section IV.3, the inter-

A




pretations of the two components of Z are different here.
As was indicated in footnote (5) of this chapter, r can be
treated as the secure return from riskless farming. Thus
the two sources of income for the farmer are: (a) KA®n,
where K is a positive scale factor, A is the area under
innovative farming which is assumed to be risky,. o <1

is the output elasticity of land under risky farming and

n is the aandom variable representing the riskiness of
such farming; (b) r(%O—A), where r is the return from unit
area of land under E;aditional riskless q;rming and (AO—A)
is the area a}lotted to such farming.

Notice that innovative farming is assumed to have
decreasing returns to scale whereas tradgtional farming is
assumed to have constant returns to scale.11 The former
assumption can be justified on the grounds that innovative
farming involves a number of inputs other than land and

¢

labor such as fertilizer, technical advice and pesticides,

the marginal products of which, in general, are decreasing.

Because of the absence of these inputs and due to the fact
that the operational holdings of the peasants are small
enough to be manageable, the assumption of constant returns
to land for traditional farming appears to be reasonable.
Rega;ding the .treatment of innovative farming as risky and
traditional farming as non-risky, we repeat the argument

used in chapter III in connection with rural and urban

incomes. That is, we wish to study the decision of' the

farmer regarding the extent of innovative farming when he
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perceives that income from such farming is relatively un-

certain compared to income from traditional farming.

The farmer chooses the area under innovative farming
so as to maximise his expected utility of income subject
~t6 his resource constraint. He treats the insurance éon— ‘
tract as completely determined by the public crop insurance
agency. The insurance agency,~in‘tﬁrn, selects the optimal
insurance conﬁfact so as t% maximise the expected'social
utility of farming shbject to its break-even financial
constraint. The agency treats the area under innovative
farming as optimally determined by the farmer in advance.
Thus, it is essentially a two-stage maximisation pfoblem.
This approach was formalized by Mirrlees [1971], Atkinson
[1973], Varaiya [1976] and others.

IV.4.1. An Individual Farmer's Problem

Here we discuss one formulation of the typical
farmer's problem, that is, to choose the optimal area
under innovative farming. To gain some insight as to the
significance of this choice problem, we analyse several
conpérative static results, some of which are of interest
on their own.

In the absence of insurance, a typical farmer's real

~
>

income is as giﬁenqin equation (26). The public insurance

C . , 12
.agency assures a minimum income M to every farmer.

b

Insurance premium per unit_ area is gq. An individual's

indemnity is éiven by




X = M-aZ (27)

where a > 0. This implies that if the crop is very good

the indemnity becomes negative.l3\ With insurance, farmer's s
net income is
Y = Z+M-aZ-gA
= (l-a){KAan+r(A0-A}+M-qA : (28)

-Farmer treats g,-M and a as given by the insurance agency.
He choosegs A so as to maximise the expected utility of his

income. That is,

”{‘:’}‘ E [(1-a) {KA®n+r(Ay-A) }+M-qA]

"First order condition for an interior extremum is given by

E[0' (Y) {(1-a) (KaAa—i-r)—q}] =0 (29)

o

or

E[U' (¥) (1~a) 2] = q E[U’ (¥)]

That is, utility evaluation of the net benefits of bring-
ing one more unit of area under innovative farming is
equated to the cost in utility terms. Equation (29) can

also be written as

(1-a)kaA® LE[U' (V)n] = [(1-a)r+qlE(E' (D]

r

Therefore
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1

a=-1
A* =

[[(l—a)r+qJE[U'(Y)]

(1-a)KoE[U' (Y)n] ] (30)

The second order condition requires that for a maximum

D = ELU"(Y){(l-a)KaAG_i - [(1-a)r+q]}?

+ U'(Y)(l-a)Ka(a—l)Aa_zl

o nl < 0 | (31)

It is clear that if the farmer is risk-averse the second
order condition will always be satisfied, as a <1, by

assumption.

Comparative Statics

Here we analyse the impacts on farmer's choice of the
area to be brought under innovative farming, due to mar-
ginal changes in various parameters of the model and the

variables controlled by the public insurance agency.

a. Change in g. Implicit differentiation of (29) and

some simplifications yield

E[U" (¥) {(1-a)Kaa® ] - ((1-a)r+q)}]

Q

A

q

ol

1 ' :
+ 5 E[U' (Y)] (32)

The first term can be identified as income effect and the

second as substitution effect. Further, the second term {,

is aiw5§§'negat£§é—5§~(3l). If'éﬂé.aSSumes that farmer's

behavior if characterized by non-increasing absolute risk-

LY

aversion, then it can be easily gshown that




>

E[U" (Y) {(l-a)KaAa—i - ((1-a)r+q)}] 2 0.

Therefore the first term also is negative and hence

<0

w|@
&l

That is, a marginal increase in the premium rate will lead
to a decrease in the area under innovative farming and

hence a decrease in the expected agricultural output.

b. Change in r. Implicit differentiation of (29) with .-~

respect to r *and some simplifications lead to

a—i - ((l-a)r+q)}]

3A _ _ (1-a) (Ag-A)
D

3T E[U"(Y) {(1-a)KaA

+ 228 gy n)) (34)

-

Here also the substitutionJé?fect (second term) is always
negative. If the farmer's behavior is characterised by

non-increasing absolute risk-aversion, the first term be-

22

comes positive in which case the sign of 3T

depends on the
relative strengths of income and substitution effecté. If
his behavior is characterised by increasing absolute risk-
aversion, the first term also becomes negative and hence
g% < 0. Hence we can conclude that in the more likely_case’
of. non-increasing absolute risk-aversion, a marginal in-
crease in the return to traditional farming can leéd either
to an increase or deqregse in the area under inhovative

farming, dependiﬁg on the relative strengths of the

associated income and substitution effects.
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c. Change in Ag. Proceeding as before, we get

3A _ _(1l-a)r

BAO D

E[U“(Y){(l—a)KaAa-i

- ((1-a)r+q)}] (35)

As can be expected, in this case there is only an income .

effect. Further, if the farmer's absolute risk-aversion

,

is decreasing, it can be shown that

[>%)

_é_. > 0.

0

Q

Thus, under the most reasonable assumption reg&rding risk-
"behavior, one finds that an increase in the endowment of

land will lead to increased area under innovative farming.

d. Change in M

oA _ _ 1
IM D

1

E[U"(Y){(l-a)KaA"‘a'_n

- ((1-a)r+q) }] (36)

As before, it can be easily shown that

Ry
=|>
v
o

if the farmer's Behavior is characterised by decreasing
abéolute risk—av;rsion. That is, a marginal changé in the
minimum assured income determined by the in;urance agency
will lead to a change in the_area under innovative farming

in the same direction. ‘

e. LChange in a. Here we énalyse the impacts of a marginal

change in the insurance coverage ratio on the farmer's

behavior. Implicit differentiation of (29) with respect f

¢ , :
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to a and some simplifications yield

/

; A _ 1 " f a-1

i 2 E[U" (Y)Y {(1-a)KoA o ((l-a)r+qg) }]

. - __H_.ébgz_’;; E [U" (Y) {(l—a)KaAa-I]; - ((1-a)r+q) }]
. + 2 E[U (V) (Kaa® 1on) ] (37)

The first two terms together constitute the income effect
and the last term is the substitution effec£. The substi-
tution effect c;n be shown to be always neéative, using
equation (29). The first term will be eositivé if farmer's
relative risk-aversion is ne%—decreasing and the second
term will be positive if his absolute risk-aversion ié non-
increasing. Thus under the most reasonable set of assump-
tions gegarding'risk—behgvior, the income effect due to a

, marginal change in the coverage ratio is positive whereas

the corresponding substitution effect is negative.

f. Change in a. Implicit differentiation of (29) with

respect to-ra and some simpiifications yield

”

oA

S ;g_g__lz E[u" (Y)y{(l-a)xap.“'rll' - ((l-a)qr+q)’}]
3 | i 29 , log é{(l‘—a)lr)(An-A)HM-qA)}E[U,, ;Y).{(l_amAa-I];
() e )] - ‘l’a’hg-lél+ 0 109 &) gy (yyn)
X'L o L L (38)

As before, the first two terms together represent income

\




effect and the last term represents substitution effect.
| It can be shown that if relative risk-aversion is non-

decreasing, absolute risk-~aversion is non-increasing and

A > 1, then

..4

o8
g

> 0. Y
a .

l

Q>

That is, a marginal change in the output elasticity of land
under innovative farming will change the area under inno-
vative farming in the same direction under reasonable

assumptions.

g. Change in K. We can get

~

8a _ _ L
3K KD

1

o - ((L-a)r+q) }]

E[U" (Y)Y {(1-a)KaA®~

(1-a) r (Ag=A) +M-gA
KD

E[U" (¥) {(1-a)Kar® n

+

1

N o
- ((lra)req)) - LIR ~ m(ye (v)n) (39)

The first term is negative if relative risk-aversion is

increasing and the second term is negative if absolute

risk-aversion is decreasing. But the third term, sub~-

stitution effeéct is always p%sitive and hence the %;éﬁiof

.

. P - . v
- %% depends on the relative magnitudes of income and sub-
N . o oy \/
" stitution effects. T ‘ .

h. Chapge in risk.

- Following the procedure established in earlier

chapters, define N




‘-—-:—*“ .

n* = &n+6 ’ ] -

where § and 6 are two shift parameters with initial values

-1 and 0O respecti&elyu To restoré mean,

[ 4

S

dE (n*). = dE(5n+6) = 0
which implies

.d'_e = - H, . " ) . ‘ hd
dé ) 5 >~
© ‘ ' .
Farmer's net income can be written as’ ‘

b

Y = (1;af{KA“(5n+e)+r(Ao—A)} + M—qA

ImpllCltly dlfferentlating the correspondlng first order

condition w1th respéct to 6 evaluat%gg the- derlvatlves at

the initial values of & and 6 anéiusing g% = - n, )
- ' -

’ - p .
3 1 " - e, 1
5%- = - 5 ElU ﬁ()Yf(’l_f’-a)KaAa rll -. {(17a) r+q}] |

- . . - >
» U= a’r‘AO'A’““‘qﬁ)f"‘l 2)ATE ¢ gn (y) {(1-a) aa®"}

; | (l—a)KaAa_i' S |
, ~(ra)req) )} - LBKeA T opig vy (nem) ) (40)

e
. &

The, first two terms representing income effect, can be

shown . Jtar be,negatlve 1f relatlve ;1sk—ave§s;on is non-

[ !

decreasing and absolute risk-aversion is non-increasing.

N ] K ’ . L3 - ]
Further, it can also be shown that the third terq; gubsti-
{

3 -

tution‘effect, is ﬁegative for all risk-averse farmers.

.oy .

Therefore, under the most reqponable assumptions regardlng -

farmer s rlsk—ﬁehav1or we find that . ' : .
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impiying that a reduction in risk will increase the area

under innovative farming and hence the expected output.

L]

.

i. Change in mean

Here we anii&ié the impaéts of & 'risk-preserving'
N P
shift in the .distribution of the random variable on the

behavior of the farmer. Proceeding as péfore, define
A e

where 6 is a shift parameter with Q as imitial value.
. . ¥ N )
Farmer's net income be s

Y = (1-a) IKA®(n+6) +r (A, -A) } + M-qA

. Implicitly differentiating the corresponding_fiist order -

condition with respect to 8 and eyaluating the derivatives

at 6 = 0,
. ' 1

-~

a. . ’
59 = - 'S B () (Usai KA ] — ((L-a)req) )

a=1 : L
- l-alXeh  gqyn) ? (41) -

[

The first .term EL positive 1if absolux-~;1-k-av-rtidh is” )

non-increasing and the second term 1;721‘111 positive.

Hence . - - ‘ - S . }j T,

g-i)ﬂ, ) ‘ o | : R /('\,
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xiegizin that a rightward shift in the distribution of n

2 —

without changing the riskiness of’farming will increase
‘the area under innovative farﬁing.

The last two results are especially ihteréséfgg. They
imply that the role of risk-reducing public policiesqis
not reduced under a public insurance program. This re-
inforces our earlier argument that crop insurance should °

be considered as complementary to the various other agri-

cultural development programs.

- IV.4.2. The Planner's Problezﬁ

X ﬂ this section we attempt one of several possible
fom-ulations of the insurance agenc.;y's problem, namely to.
choose an Optim;l. insurance program. Our basic assumption
in this sec;:ion is' that the insurance aqeﬁcy is risk- ﬂ
rneui:rall4 and as such, it maximises the expected output of
a typical farmer subject to its own break-even» financial
constraint.

_ s ) As vas discuqied earlier, the famr, while choosing
™~ e .

his optimal A, assumes that the insqraiice contract C(Ja,q",u)

is given to him. That is, he treats a, q and M as given

. -. parameters. Hence the opti-a'll‘ba can be expressed as an ®
implicit function of the parameters as .
- | o Tle . , ’ .
. . At = 5*(31‘!"”0 ‘ ’ ' (42)
, ) ' v .

Several specific functional forms of the utility function
of the farmer and the density fuhction of n were tried, '
. \

[} 2 -




but none yielded-an explicit solution for A*. Hence, we
proceed with'the abopve ihplicit solution for A* to

L
characterise the solution of the planner's problem.

The planner maximizes

.

E(Z) = E[KA*“n+r(AO-A)] (43)
suﬁject to .
E[X]) = gA* v . (44)
and
> — ’ 4
M=M . (45)

That is, the public insuraﬁce4agency éhooges the insurance
contract C(a,q,M) so as to maximize the expected output
(income) of the farmer subject to the break-even financial
conééraint that the expected indemnity equals the premium -
Areceipt and the exogeneously determined minimum income is
assured to e;ch farmer.

But in view of equation (27), equation (44) .states

that

/ y

qA*faf-n

where Z denotes the exg$cted valye of Z. And in view of
equation (45) ’ ‘

GA* + aZ = W N - (46)
Setting up the Lagrangean, . )

- , : /
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L = KA*®n+r (Ag=A*) +1 [qpa*+a Ka**n+r (=A%) -M) £47)

where A < 0, the first order conditions for an interior”

optimum are

@
e

—_— "y * *
a-13A* _ raA

94 - : SA* 20 ~A%
55 = Knoa N =t Mag— + {RA*"n+r (A -A )}
o= o .a=1 JA% _ 3A*
’ + a {Knah 2 - T3a H (48)

and

DL g as®-1 2A* _  3A* vy JA* ~ ,0-1 3A*

3q ="XpoaA 79 T 3q + A[A a5 + a {Knoa 3G

JA*
-r 3q }}1 =0 (49)
That is
— - .- — - *
(Knaa*® L-r+) fg+a (Knoa*® IS %—3—
= - Py -
A [RA*% n4r (Ag-A*) ] . (48a)
and
- - -— - * ’

(Kaaa* ™ lorexigra (Knaar® 1or) 1] g—%— = -AA* (49a)

orx )
* .

B -g%- = A [KA**Ber (Ay-A*) ] (48b)

and v

B 32 - -axe (49b)

156




157

Qhere

B'= [KiaA*a-l—r+A{q¥a(KHaA*a:¥-r)}]
¢ i
= (1+)a) (Knaa** 1or)+ag e
.
Using equatioh (32), it can be easily éeen(from'(49b) that

B igqnegative under reasonable assumptions régarding farm-

er's risk-behavior. Further, from (48b) anB (49b), we get

* ' * — ' .
oh g& %%- [KA**T+r (A, -A%) ] -~ (50)

\ Using equations (32) and (37), equation (50) can be re--

written as

1 -~
sri=ay ELU" (DY ((1-a)Kaa** "} - [(1-a)r+ql)]

o AMmgAY) e (v) {(1-a)KaA*® ) - [(1-a)rtql)})

D (1-a) n ‘ j7.

= E[U' (¥) (Kaa**1op) )

1

- Lka*®Rir (a-a¥) ) B (0" (¥ {(1-a)Kaa#®}

7

- [(l-a)r+ql}] + —

A*D

[xA*“H4r(AO-A*)1 E(U'(¥)] !

In brder to effect further simplifcation, we make a reason-
able assumption that the typical farmer's behavior is
characterized by constant relative risk-aversion. The
above expression canhbelnow written as

1

: E[U'(Y)(KaA*a-i-f)] - K%B [KA**T+r (Ay-A*)] E[U' (V) ]
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_ 1 a— - - a-1
=5 [Ka* n+r(A0-A*)] E[U" (Y) {(1-a)KaA* n [(1-a) r+ql}]
+ MBS g ign (v) ((1-a)kaA*® L - [(1-a)r+ql}]  (51)

From equation (25),

E[U' (¥) {(1-a) (Raa*® 1-r)-q}] = 0
That is 4

E[U! (Y) t1-a) (Kaa** 1-r) ] = gEIU' (V)

That is

E[U'(Y)(KaA*a_;-r)] = 7L E(v (1) (52)

Using equation (52), equation (51) reads,

1
A*D

[KA*“H+r(AO-A*)] E[U' (Y)]
¢

,v

TITETB E[U' (V)] -

(M-gA*)

_ 1 a—
= 5 [KA*"n+r(A-a%) + iy

- s
B(0" () {(Ma)Kaar® ™ - [(1-a)r+q]}]

Cancelling D's on both sides,

L ‘v, . A
DR M) gy - kAL - 524

- [xa;éﬁir(ao-A*y » gkt

. .

E[U" (01 Kaa** L - [(1-a)r+q))] (53)

’
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That is
1 . _ A*
- a% E[U (Y)][KA*°n+r(A0—A*) - Tizay)
= E[U" (¥) {(1-a)Kea*® 1n - [(1-a)r+q]}]
v
* —
[(lga) - (?éa) * KA*mnﬂ'mo—‘”‘*)]
That is

[KA*aH4r(AO—A*) - T%%gT]

(Bl E[U"<Y){(;-a)xaa*a‘1n - [(1-a)r+q]}1}

= gy ElU"(¥) {(1-a)kea* ¥ - [(1-a)r+q)}]

(54)
Known, under constant relative risk-aversion, are

) CE[UM(Y) {(1-a)KeA*® > ~ [(L-a)r+ql}] > 0

L3

and

-~

E[U' (Y)+ E[U?(YI{(l—a)KaA*a_i

- [(l-a)xr+q] ] > 0O

gl

(2)

*

Therefore

\ 2O -AK gA*
’ KA* 'n+r (A -A*) > §—

That is

E[Z] > g_A_:
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or
Z
R
A -a
or ~ \
A*q <7
l‘a ‘

Thus, we have the proposition that the planner's optional'
insurance contract is characterized by the relation that
the ratio of insurance premium to one minus the coverage
ratio is less than the expected income in the absence of
insurance. Notice that this rather simple relation holds
good only if £he farmer's behavior is characterized by

constant relative risk-aversion.

Y
IV.5. Concluding Remarks

A

©

As elsewhere in the'thé%is, in this chapter also we
stressed the role of output uncertainty due Eo natural

hazards on peasant's decision-making. Specifically, we

discussed certain analytical issues regérding agricultural

insurance as a mechanism for improvéd resource allocation
in peasant agriculture.

The chapter started with a discussion of certain con-

"

ceptual and-analytical issues which demonstrated the need

for a separate theoretic analysis of cfob insurance.

’

Thus, using a rather simple model, we have established

that in a situation of imperfect information, a market for
. N ) )
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crop insurance may not exist at all. Further, we argueé
that suéh imperfec; information is the rule rather than KS
excéption in the case of peasant agriculture.

But, considering the overridiné importance of crop
insurance in peasant agriculture, an alternative solution
is cgiled for. 1In section 4‘of this chapter, such an
attempt ‘is made. A public.rnsurance model is developed as
a two-stage optimization problem. The farmer chooses the -
area under innovative farming to maximize his expected
utility of ipcome subject to his resqurce constraint, treat- ¢
ing the iésurance contract as complgtely determined by
the public crop insurapce agency. The insurance agency,
in turn: selects the optional insurance contract so as to
marimize thg expected social utility of farming subject to
its break=-even financial constraint, treating the area
under innovative farming as optimally detqrmined by the
farmer, in advance. It may be mentioned that even after
maklng a number of 81mpllfy1ng assumptions, the second part

4 I

of the problem remains mathematically rather complicated
and as such a cémplete gsolution is not available.

Notice that the main concern of this chapter has beén;
to give analytical supportvfor the pbpervdtion that even
though there is a clear soqitl need for cfoé insurance,
the market has failed to provide such an insurance. Fur- h
ther, we showed that a public cxop - insurance hgs a social
use in the sense that it improves the allocation of re-.

sances in peasant £arming, though it may fall:short of

.
.
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providing a pareto optimum solution.
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Footnotes

1. Arrow [1971], p. 137. N
2. Compared to developed .countries the risk of crop fail-
ure is much more serious in developlng countries. Also,
the rlsk-bearlng capacity of farmers in developed coun-
' tries is much higher.

3. This, indeed, happened in U.S.A. when insurance compan-
ies entered crop insurance market during the early
years of this centuxy. For further details, see Ray
- [1967], chapter 7.

4. Onme can'argue that instead of spreading risk over
‘space, kpsurance companies can spread risk over time.
That is, local insurance companies can offer contracts
.80 as to equate the premium collected to the expected
indemnity payment over a number of years. But, due to
the absence of well-developed capital markets, insur-
ance companies may find this arrangement unattractive.

5. Alternatively r can be considered as return from culti-
- vation of a risk-resistant crop or cultivation of the
same crop using traditional technology which is rela-
tively secure. In that case we have to introduce an
approprlate productlon function.

6. The present premlum structure would make the payoff
per acre relation to premium per acre a decreasing
function of the area. This can be rectlfled by set-
ting the premium proportional to KA%®, in which case
payoff per acre relation to premium pei acre becomes
constant. However, it can be easily verified that
both formulations lead to identical solution. And the
present formulation has the added advantage of practi-
cal feasibility.
.7. 1In the real world many of the insurance firms, -
especially smaller ones, may indeed be risk-averse.
But risk-neutrality of insurance firms is a usual
assumption in analytical work. See, for example,
Rothschild and Stiglitz [1976]. .

8. A Nash equilibrium can be defined as a set of contracts
such that when expected utility maximizing agents
choose, contracts: i) mo,contract in the equilibrium

4 set makes negative profits; and ii) there is no con-
tract outside the equilibrium set, if offered, will
make a non-neégative profit. .

Q ' | .

-




10.

11.

12.

13.

14.
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Rothschild and Stiglitz provides ‘a diagrammatic proof.
For a rigorous proof, see Wilson (1976).
A formal model involving simultaneous determination :
of the area and the insurance contract by the .farmer
was attempted. But-it was found that mathematical
expressions involved in.¢he solution are extremely

complicated and intractable. . N (

~ ' »
See Arrow's comments on Radner (1970].

A technical limitation associated with this formula-

tion is at because of the Cobb-Douglas technology
of innov;.ive farming, one has to assume that all
peasant farmers allocate some area of land to such
farming. : -

In the present analysis we assume that M is exogen-
eously determined. It may he that the minimum income
is determined on the basis of mihimum requirements of
the.peasant family, considering nutritional and other
requjrements.

—

The tual implementation of such an insurance pro-
gram Y give rise to many,K practical problems. One
possibility may be to integrate crop insurance with
agricultural income taxationg

Risk-neutrality of the government appéars‘to be a
reasonable assumption by all accounts.
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CHAPTER V
, I IR ) }Kfa
THE ROLE OF AGRICULTURAL ugidmcn
. 1

IN PEASANT ECONOMIES™

'V.1. Introduction g J . -
f

In chapter IV our mdin concern was with certain
Y

analytical issyes regarding agricultural insurance. After

providing certain theoretical justifications for the non-
existence of suchl&nsuiance i4 peasant economies, we de-

Veloped a theoretical model of public crop insﬁrance. In

" the present chapter .our main emph391s is on the insti-

tutlonal aspects and’ the fea31b111ty of such 1nsurance

Considerzng the many simplifying assumptlons underly;ng

L

the théoretxcal model and the 1ncomp1eteness of the-math-

ematical solution, no attempt is made to 1ntegrate the - &

d13cussxon in the present chapter with that An chaptar Iv.

As was illustrated in the 1ntroductory chapter, the

pxincipal characteristic which dlstingnishes aqriculture
from other productive nectors is its great dependeace on

natute. Uncertainty qz Mp ou@n& @le & natt:nr!mda

is one of .the basic risks which _every famer Ku to Lace.
But Iaja;uy qf furnrs in mp-;: comtriu, J/dué to in- e

'y
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costs of such risk~bearing may well exceed the social'
“benefits from such risk-bearing. Consideriﬁé risks in
‘the aggregate, insurance is best éuited to situations
where the probability of loss is very small while the
Amount at risk is large. But in many such cases the;cost
R of information needed to férmulate a coherent proba- . ’
bility di;tribution may be too~higﬁ. In such cases in-
surance companies offer-progéction only at a very high
price which makes it unattractive to the individual. The
classification of gambling as evil has ; pragmatic basis
that is also related to the high cost of informatibn.
. Another important problem facing all types of risk-
éhifting in general and.iﬁsurance in particular is 'moral

\ hazard'. The usual insurance 1iter§turehdefines moral

~ hazard as the intangible loss-producing propensities of - .

the insured. It implies that the insurance policy might

itself change the incentives and therefore tbg proba- |
bilities upon which the insurahce company relied. While

- commentiQﬂ‘ on Radne; [1970]), Arrow ai‘gues that moral haz-

ard can be considered as a special case of lack of infor-

' mation. For exémple,,if an insurance c;mpany could dis-
tinguish whether a fire was due to arsoh or not, it could

PRl in the latter case but not in the formar. Thus moral

hazard arises only because the insurance company cannot

! . distinguish between two states of .nature. 1f the company

can monitor the individual's actibn taken in advance of

nature’s act,vthp,édvarge incentives“prbblem can be avoid-

» Py

-

¢
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that the loscog wholly ot-pirtly are shared By the farm- \
ers themselves. A canttnciﬁal right to anistanca in the
event of crop failure, further enahlel the farmers to
ilprova their cr.dit-wor;hinosu and :tabtllzcltheir in-
comes which in tu;n -tAbilizcs the rural economy -in par-
‘ticular and the.cgﬁire econo;y,ggwgtnoral. ALso~ifmgives
. ¥ T '
the farn.rs greater confidence to venture into the adop-
tion of nev and 1lptovia farning practiceo and in ‘making
' grenter investments in- aqriculturo.' Crop- Lnsurance 1U/w-—‘
thu: an important linﬁ in”the chain of diverse measures
to %icuié stabilization, growth asé\fair distributioncin

the “agricultural industry. 1It is complementary, on the
one hqu, to activities designed to strengthen the base

_ _ o
.of agriculture, namely, irrigation, drainage, land re-

Elamation and oéier means of increasing agricultural out-
put and on the other hand, to price and other income S

) - ) : ~ P
support measures. The importance of crop insurance is

forcefully stated in one of the early reports3fof U.S.

Crop Insurance Corporation as follows:
. ’

"Large sums of money are spent every year in agri-
‘cultural research to develop better varieties of
seed, more efficient means of controlling insects
and diseasef and improved methods of farming.
Soal conservation practices have been encouraged
by making avail e technical assistance as well
: as caqhapaymbnt ‘the farmer. Prige supports
- have been provided for more than a decade to help-
maintain some degree of stability in farm income.
Despite all these measures the farmer will re-
ceive bit little jincome in any year if he .invests
his ‘tife, money an effort to.produce a ecrop only
to be faced with a crop failure-due to some cause .
"¢ over“which he has no cantrol ' Insurance protec-

- ’y,

2 ,'!
@, . . s
X
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tion spang this crop failure gap."”

This statement is even more true in most developing

countries today where vast efforts are made to improve

s

and that too only among better-off farmers,

farm productivity and income through substantial invest-

ments, price policies and spread of modern inputs and

techniques. After a decade of great enthusiasm about . .
‘Green Revolution' the general observation is that it has
\_—_.""
suceeded only in areas of substantially reduced risk
4

As we have\

~discussed elsewhere, modern methods of cultivation in-

volve increased risk compared to traditional methods.

Also the cost of culhivation is much higher in the case

of-high yieldj.hg varieties o#eds. _Even when credit 5
faci%itieg ‘are available, small farmers are reluctant to

make use o& them out of fear that érop failures in bad .

weather years will sinvolve them in such heavy losses that

.they may have to sell their land in ord%r to repay debts.

Branding small farngré as ‘'conservative' or 'irrational'

is begging for non-econoﬁic'explanat;oh foi an essentially
ecénomic:phenomenon; As Clifton Wharton warned>: Attempts
at change, especially those which come in direct conflict
Yith the fqndamental goals of sécurity ané survival, must."’
take into account ?he degree,of risk and uncertainty |
associated with the change. q

With these introdugtory femarks, the rest of this

chapter proceeds as follows. In section t#o the role of
- N \\‘ Fl ’ *
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;ﬁsk-begring ana tpe,institutiona framework fo;‘fisk—
shifting in modern economies along with the problems of
risk-shiftiné, in gengral, are discussed briefly.  Sec="
tion three deals with the traditional devices of risk-
bearing in peasant-economigh and their 1imitations in
some detail. Section four is dewoted to a detailed dis-
cussiqn of special features of agricultural insurance.
In sec;ion five, a viable model of cfop insurance, -

specifically in the context of India, is developed.

* -l

Final section gives a féw concluding comments.

V.2. Risk-bearing in Modern Economies

Risk-aversion is a universal behavioral mode, though
people do gamble occasiopally. A person may buy insur-
ance'and at the same time enter into gambles. This can
be explained either by characterising his greferences
over different levels of wealth differently;as Friedm;n
and Savage [1948] did or by exp%icitly treating gambles
as arguments in his utility function‘along with wealth.
Also it may be possible tHat gambler's subjective evalu-
ation of risk ﬁay be mucﬂ more favorable to him than it
in fact is. 1In any case, much more people insure thgir )

lives and property than those who go to Las Vegas.

Under the postulate of risk~ave§§ionh an individual,

s

"~ will seek to avoid risk 'if the cost of doing so is iess -

than the gain from the risk averted. ‘He mhfgayert:risk
by 1) éearchinglfor information- about the futtre (which
. - [} T .

«
-~ .
-
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ﬁay not be attainable even at infinitely high cost,
2) by choosing less risky options when investing (which
include portfolio diversification), or 3; by choosing

among arrangements with which his burden of risk can be

dispersed to other individuals:- - such as insurance and

various contractual arrangements. The choice of- these -
.

arrangements is made so as to maximise the gain from risk-
’ »

dispefsiondsubject to the constraint of transactionacosts.
Insurance is applicable only when the risks can be re-
duced to a statistical basis; otherwise it is fhe‘fghction
'ofnspeculators to assume the fisk.

Sﬁifting of risks, the verylfssence of insurance,
occurs in many forms in modern economies. In a capif%l—

ist system, the owanxof a business typically is supposed

to assume all the risks of ﬁncertainty associated with his

~activity. But society has long recoénised the need for

permitting him to shed some of the risss. An individual's
capacitf for running a business well need not be accompan-
ied by his desire or ability for bearing the accompanying
risks, and a series of institutions for shif#ing rig}s

has evolved. The most impoxtant of these are stépk mar-

ket and inspg;ncé. Generally some of the’s;cially most "
profitable undertakings are the riskiest ones. Inn;vat4
ive technology, natural resource exploratiqn‘;nd most of
;he research projects are examples;' But.for these insti-_

tttfbné, many of the socially prbfitablé undertakings - y

might not have takep Biqssf ’

-
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As Arrow [1971, pp. 138] has argued, an }deal situ-
ation is one where one could find a market in which one
cah/insure freely against any economically relev#nt eveqt.
That is, an individual should be.able to bet, at fi#ed
- odds, any amount he'wishésyon the occurrence of any event Py
which will affect his welfare in one way or other. The |
premium on the insurance should be determined, as any

other pricé, so that supply aﬁd demand are equal. Under

(such a system, productive activity and risk-bearing can
— .
. - be divorced, each being carried out by the one or ones

|

best qualified. , . -

- But the scope of_existing‘risk-bearing'institutioné
is very much limited compafed to the ideal situation sug-
gested above. This ihcomplete risk-shifting arises - ’
mainly because of a number of factors which can be
classifie@ under the general heading of 'market failure'
due to 'incomplete information'. Below, we briefly dis-
cuss’these factors and the ways by which théy limit thé
role of insutance. ; ‘

In the first place, many risks are classified as

'uninsurable'. But there is no standard criterion to

3

1

détérmine'whether‘a particular risk is insurable or not.
The risks that are insqrablé varyisomewhat:from company .
to company, and there are special groups, such as Llo¥d's
«Which will, for suitable prices, insure niany risks that

ordinary insurance companies will not. Also there are

. many risks which should not be insured as the social-
' | J—- '
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costs of such risk-bearing may well exceed the social
benefits from such risk-bearing. Considering risks in

"the aggregate, insurance is best suited to situations

where the probability of loss is very small while the

‘ émount at risk is large. But in many such cases theicost
K . ¥ of information needed to f&rmulate a cohe;ent proba- ’
bility di;tribution may be too-higﬁ. In such cases in-
surance companies offer proééction only at a very high
price which makes it unattractive to the individual. The
classification of gambling as evil has ; pragmatic basis
that is also related to the high cost of information.

. Another important problem facing all types of risk-
éhifting in general and iﬁsurance in particular is '‘moral
o hazard'. The usual insurance litergture“defines moral

hazard as the intangible loss-producing propensities of - ,
the insured. It implies that the insurance policy might
itself change the incentives and therefore thg proba- |
bilities upon which the insurahce company relied. While
/ "commentigsKon Radne; [1970], Arrow argues that moral haz-
ard can be considered as a special case of lack of infor-
' mation. For exémple,.if an.insuranﬁe c;mpany could dis-
tinguish whgther a fire was due to arsoft or not, it ¢ou1d

pbay in the latter case but not in the formar. Thus moral

hazard arises only because the insurance company cannot

distinguish between two states of .nature. 1f the company

can nonitor the individual's actibn t;ken in advance of

nature's act,‘tng,édveree incentives problem can be. avoid-

-
~ )

~
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ed by structuring the insurance payoff function to en-
force the choice of the appropriate decision by the ind-
vidual. -It is easy to see why insurance against failure
6f business or of research projects has not arisen; the
incentive to succeed ﬁay be too gre;tly reduced. A
common solution to moral hazard in’insurance practicé is
coinsurance by which part of the :iskliﬁ borne by the
insured himself. Thus automobile insur§nce usually in-
voi&e a deductible, unemployment insurance payments‘begin
only after a few weeks of°unempf6yment, Pouse and property
cannot be insured for more than‘lheir actual values and
in health insurance patien;ubeqré pgrt of the cost,
usually the prescription charges. In agricultural insur-
ance the maximum indemnity is usually fixed as the actual
cost incurred by the farmer. f

Whenever insurance is voluntary there is the problem
of 'adverse selection'. This is purely a'proble; of
lack Qf information. In most cases the individuals in-
volved may belong to different risk classes. ‘Usually the
individuals themselves have their subjective or objettive °
evaluation as to which class they belong. But insurance
agencies may not have .similar informaiion and the cost
of collection of such informatiéﬁ_méy pg very high. 1Indi- ‘
vidualé,_in general, think that it is not iﬁ’their inter-
est to divulge such anormatiph. So the insurance agen- \
cies d;nqbt distinguish between high and low risk cusqgm—~

ers and as such” have to prbvidé‘uniform insurance which

’ i
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will be relatively more attractive to high-risk indi-
viduals: That is, only high-risk individuals will buy
insurance and hence insurance companies will incur heavy
losses. This, in fact, habpened in U.S.A., when insur-
Ance cémpanies entered crop insurance market during the
early years qf this centu’ry.6 In a recent paper,
Rothschild and Stiglitz [1976]) demonstrated in a simple
competitive model that if the insurance agencies cannot
distinguish between high and low risk customers, then a
market equili;;ium may not exist. Further, they made an
interesting observation that the presence of the high-
risk individuals exerts a negative externality on the low-
risk individuals, and that high-risk'individuals are no
better off than they would‘be in isolation. In actual .
insurénce practice there are various checks to curb the

[ 4

problem of adverse selection. Thus, in’fifé insurancé,

usually a medical report is héndatory and in aytomobile

insurance, the driviné history of tSFrindividual is Vefi-

fied. - S o | :
Also, as Séence’and Zeckhauser [1971, pp. 380] noted,

there should be substantial indé@endence in the incidence

of the random event for the existence of insurance con-

tr;cts. If this condition is not\sétisfied the working

of the law of large numbers on which premium and indem-

nity are based breaks.down. In a subgequent section we

argue that this is one of the main req&oﬁs for non-

existence of crop insurance market, espgciafiﬁ in develop-

v 4 . -
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ing countries. .

| For reasons we have Aiscussed so far and others, the
scqpé of insurance market is very much limited in modern
economies. This faiiure of market to achieve adequate
risk-shifting lead to compensatory alterations in social
institutions. Licensing, bankruptcy and limited 1{a-
bility, direct contrecls and large business o}génizatipns
are examples of such compensatory,alterétions. But all
of these are steps away from the free,rorking of tﬁe price ﬁ
system.

R ’
V.3. Traditional Solutions to Agricultural Risk

Here we briefly discuss how peasant SOCigtieé'meet
the risk.of farming. Broadly there are four ways of meet-
ing any risk: a) avoidance, b) prevention, cz bearing,
and d) transfer. 1In ‘earlier days, when land was abundaht,
" farmers had the gptién of Jchoosing the location of their
fgrms so as to minimize Ehe risk‘of naturallhazafié. But
in most developing countries this choice is no more
available because of the very high man-land ratio. Also,
as a general- behavior mode risk-avoidance is not always
commeg%ablé. ’

I; general, the most im@ortant way of meetiﬁg ; risk
is to prevent it. But,even witp all the scientific and
- technological achievemente, man is still helpless wpen .

-
confronted with the furie@ of nature. Sc1ence and tech-

nology have very little control over cyclqnes, earth-




quakes and droughts. But modern knowledge andllarge in-
vestmencs together are capable of preventing or,at least
. reducing the impact of many other natural calamities.
*Thus water manacement‘through dams and canals and various
pest and disease control measures, for example,'substan-
tlally reduce the uncertainty of farmlng. However, due
to resource scarc1ty and economies of scale most of these
fac111t1es are not available to poor farmers in develop~
1ug countrles.c.But, peasant societies, through»thousands
of years of Bxperimentation, have perfected‘their own
risk-prevention measures. - These include meny traditional
metuods of irrigation and drainage, crop rotation, re-
planting, selection cf seeds,-land preperation and even ‘
predicting tQﬁhimpenQipg climatic chénges based on past
experience. 3Hopher [1965] gives a vivia'description'of
the many Gﬁys in which' farmers in a typical Indran vil-
lage practice various{risk-prevention measures.

But there are'cesee‘where there is trade-off between
the cost of preventing risks and'the cost of bearing . .
them. Also, some risks arefnot preventeble at any coet.
In such cases the risk ehouid be either borne by the
farmer himself or should be transferred to another indi-~
v13ua1 or agency or society at large.

First we' consider the case of risk-bearing or self-
1nsurance. é rich farmer could accumulate funds or graln

in good years to supAort him in bad years. that is, he

may spread risk over time: Also, he may diversifg his

t
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fdamlng over dlffereng plots of land"with different levaI? -

M
of risk or over different crops or methods involving \
: -
— s ‘ -
different levels of risk; that is, he may spread rigiggver
n

space., But for a small farmer both these options m ot
o be available. For him thefe is concentration of risk-.in
"~ time ;nd space. He tries %o minim%pe risk by practicing
the least risky method of farming even when there is an \
option involving‘a ﬁuch higher output with a higher risk.-
‘This-phenomenon is termed 'Survival Algorithm' by Lipton
)
[1968, pp. 332-38]. For most poor farmers local varieties
of seeds combined with traditional techniques is the
rational choice. This is the basic reason for the fail-
ure of green revolution among small farmers. One has to
make a distinction between desire and ability for risk-
tating. While the former depends on the innate ;ropensity
,0f the individual, the Jatter mainly ﬁeéends on the wealth
position of the individual. There is general agreement
amohg agrlcultural fleld experts that what the small
farmers lack is only the latter quality. Another mani-h
festation of risk-minimizing behavior of small farmers 4is .
‘divisiot of a s}ngle holding into several tiny plots.7
With this, hé achieves some amount of risk-spreading over
* space; Ayt only at a cost in terms of productiat effic-
iency and loss of land ', * | .
A good many of the traditlonal 1nst1tutions and
’ practices arg‘eqscntially insurance-surroggtes.“ Thuslin
. a joint-family iyltem,a sevéral nuclear families live

Il




togethef and cu}tivat!hh joint farm. This is essentially
a mutual—insufance arrangement in which each unit ex-

" changes one risk for another - for a small chance of a
iarge loss, a large chance of avsm§ll loss. Many farmer
borrowers prefer to pay interest in grain rather than in
cash, though the stanﬁérdq;rain—rate is almost double the

cash rate. Higher interest rate buys the borrower an

insurance against low crop-prices. But the most important-

and perhaps the most controversial risk-éhéring arrange-
ment in peasant economies is share-cropping which is
essentially an insurance against ILw crop outputs. But
the traditional viewg.of this practice was essentially

that of an excise tax and as such was congidered in-

efficient as an allocative mechanism. Recently, interest

in this issue was revived and a number of authors10
-
analysed the question of efficiency of share-cropping
N » '

relative to fixed-rent contracts. .Though there is no
consensus regardihg the appropriate institutional frame-~
work and the nature of farm iease &arket, a_general con-
clﬁsion is that\share-croppinq is efficient if the role
of agricultural risk ié taken into account. But as Rao
[1971, pp. 583-92] argued and empirically‘demongtqated
using Indian farm data, share:;ropping;'as an insurance
mechanism, may not be conducive to innovative farming.
Als;, in countr%es'with~1and shortage, the-bargaininé
position of the share-cropper is rather weak and this ’

leads to very highliﬁplicit premium loadings.
~ » . -
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Perhaps risk-shifting in its perfect form manifests

in peasant economies -as one of the worst soc%al insti-

tutions, namely, bonded labor.- According to this a \ .

-~

laborer enters into a contract with a *andlérd to work on
his farm on a permanent basis in return' for a guaranteed

spbéistance income for himself and his family. One could

14

find many more examples of partial and complete risk-

transfer mechanisms in traditional economies. Most of
these insurahce surrogates have two common features: the
implicit insurance premiums are. heavily loaded against
the individuals and even if they are efficient in the
static context, Ehey may be highly inefficient in a

, 11 : . .
dynamic sense.: . -

.- T ' ' Y,
L. :

V.4. Special Characteristics of Agricultural ‘Insurance

One can classify agrigultpral insurance into differ-

. 3 4 .
ent types according to different criteria. ClasBified on
the basis of the hazard or-hazards insured against, it may

be specific risk, combined risk or all risk insurance.

Under specific risk ipsurance,crops are protected

, ?

agéinst only ormsprimarily.a single specified hazard such

a
as fire, hail, windstofm,\;lood or drought. The most out-
standinq development in thig nyup is the insurance of
growing crops against the risk‘'of hail damages, which is
'nracticeé ex@ehgively in ﬁos;"countries’of Burope and
North America; In fhe case ?f’combined risk’insufance,
protecéion’ip proﬁidld;lqainsé two or mere hazafds and

.. ! 4 e s e, " I
[} % b e :
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they are also fairly common in developed countries. All-

-
]

-risk cropvinsurance,fgbmpared to the other two ig a fairly
receht development, ha§ing attained some importance after
U.S.A. and Japan started suc?’insurance in’‘late 1930s.

By far the gfeatest part of existing crop insurqnce
is on single crops which'are usually the major crops grown
in an area. rHowever,‘frequentiy a farmer's investments,
instead of being contentrated in one;or two major crops,
are Qistfibuted amoﬁg a number of minéi cropé. Thé pro-

.gram of multiple or combined crop insurance is devised to

offer proteétion to such farmers. Under this. progtam,
créps are not insured sepérately but are‘gro;bed together
‘as a unit and indemnities are payable,only wﬁen éhe com-
“bined yield falls below the predic!ed level, ‘But’the
, - ekpefienge\of U.s. féderal crop insﬁraébe Eorpdration is
: 4 . that farmeré‘préfer single crop insurarnce. -2
Based on 1nst1tutlonal setup, one can classify érop—
insurance into a) prlvate, b) mutual/cooperatlve, and
c) publlc. fThe typ;cal prlvate insurance agency is a~
]01nt stock company. ygke any other prlvate enterprlse,
it is" a umlon of capltal 1nvestad primarily with a view
to earning profit.~ T ‘/,K\« e

- 4

Mutual 1nsurance is essentially«an arrangenent by

/

whlch a group of i‘ ividuals share each others mig- !
mutual there is complete identity

fortunes. . In a tYﬁx

' of interest between ihg'orgdnizatibn and the individual.
N " Unlike the usual inaufkhce, here the premium‘is,variaﬁie '

. , . .
¢ . L o 4
.t - "
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as each person is choosing a large-risk of a small loss
£o a small risk of 'a large loss. Though the concerned
institutional literature makes a distinction between
ﬁutuals and co-operatives, for our purpose we can con-
sider a co-operatiye as a large mutual.. : ™

The speeial characteristics of mutuals and co-
operétives as distinguished from those of joint-stoék
companies, give them certain allvantages over the latter
as carriers of agricultural insurance. FiTst, they are
particularly adapted to handle thése risks where ﬁoral
hazard appears to be strong and, therefore, insurance is
required tb be carried out under a rigorous reciprocél
control on the part of the ;hsured themselves. Secoﬂd,
they are more use ful whenh§he risks to be insured are
small and widely scattered within a locality, requiring,
in':ﬁk case of big companies, heavy overhead and inspec-
tion charges and consequently higher premium rates. Since
individual agricultural risks, especially for small farm-
ers, are generally of smaller value than mast risks
usually insured, and are widely scattered and isolated,
they can Sg insured with relatively greater ease and less
exp;nses locally by mutuals or co-operﬁtives. In fact,
agricultural insurance has developed most in those coun-
tries where either the farmers themselves have taken
initiative in forming mutuals and co-operatives or the

state has encouraged them to do so. Examples are many

European countries and Japan.

=
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Another factor which especially aets in favor of
local mutuals or co-operatives is the;r almést negligiblev
cost of management. A limited area combined with a large
élement of voluntary services helps to keep down their
management cost to ﬁhe minimum. A pfivate iﬁsurance com-
pany, on the average, has to set aside forty to fifty per-
cent of its premium income for the administration of the
program&3 gnd'aé such its premium may be almost double

that of an efficieht mutual. Also, mutuals have the ad-

vantadé of minimizing adverse selection as all members

may know each other and even each other's risk-history of ~

farming.

The main disadvan;age of mutuals i; that they may
nol be able to cope with situatéﬁns of widespread damages.
ﬁﬁt these types of damages are very common in agriculture.
Subsequently we will take up this matter for detailed
examination. " ;

Although private companies and co~operatives have
begn playing important roles in agricultural risk-shifting,
,qeneially their scope is limited. There are large class-
es of farming ris%p wpich neither of them would venture
to undertake at all, or to the extent that is socially
necessary. Herq arises the possible need for the third
type of organization - the public or govgrnmental insur-
ance. Q : .

Public insurance can take a number of forms. They

can be public institkitions freely competing with private
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compqgies.‘ Alberéa,ﬂail Insurance Board in Canada is an
example of this. A public insurance institution working
in competition Qith private insuranée companies is useful
in at least two respects. First, as 17 does not have to
earn high profit for paying dividends to share holders,

it can reduce costs and therefore offer lower premiums,

which helps to lower the rates of private companies also.
Second, it ﬁs forced to keep down its own costs ,as it has
to seek bus'nesg in competition with others; this keeps

it free from the abuses of monopoly.14

The second typé of public insurance institutions are
those which have a legal or virtual monopoly of insurance
although the insurance itself is voluntgfy; Examples are
U.S. Crop Insurance Corporation and Coffee Insurance in
Puerto Rico. Tﬂis form of insurance is particularly suit-
ed in cases where the social benefits of risk-bearing are
" important but at the same time governments are not willing
to compel people to buy insurance. Here-a main problem
may be adverse selection.

Public insprance institutions of a third type com-
prise thos? where insurance is compulsory. In most cen-
trally planned economies some form of compulsory crop
insurance opefates. Thus in the U.S.S.R., state Insur-
ance'Administration has the monopoly of all insurance
including compulsory crop insurance for collective farms.

In Yugoslavia, insurahce against hail and fire is couf-

pulsory for all major crops grown in the 'social sector’,
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that is, by state and co-oﬁZrative farms. Other ‘coun-
tries with compulséry insurance include Sri Lanka, where
paddy crop insurance is compulsory and Jamaica, where
banana crop insurance is compulsorye) Compulsory crop
insurance of this type usually covers costs of production
only and not the full value of the yield.

A fourth category of public fnsurancg is the 'option-
al application of compulsory/insurance', thaé is, where
compulsory insurance will be introduced only when majoritf
of individuals in a locality opted for it. In the prov-

U

ince of Saskatchewan in Canada, compulsory hail insursnce B
is organized this way. So is the present crbp insgrance
system in Japan. Another variant of this form is the
system of all-risk crop inéurance in Mexico which makes
it obligatory only for those farmers who apply for agri-
cultural loans from government credit institutions.

Public insurance 6rganizations have greater advan-
tage than private companies usually under the following
conaitions. First, there are certain risks, thch, either
because of their greater uncertainties or of larger re-
sponsibilities involved, are normally avoided by the

private insurance companies. A typical example of this

class is the all-risk crop insurance. Again, there are

risks which are insured by private compénies but not to
¥
the extent of the requirements dictated by public inter-

est. Crop-hail insurance, for example, is not sufficient-

ly taken up by farmers in ﬁany countries often because

~~
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of the high premium rates charged by private insurers due
to various informatipn’césts. Second, public insurance
agencies are more suitable than private companies when
the risk is more or less of universal character and the
insurance is intended to apply to a major part of it as,
for example, insurance against sickness, o0ld age, uhém-
ployment and accidents in the course of employment. -
Public bodies would be able to manage such insurance with
‘greater security and less cost to the insured, than priv-
ate institutions, for, these bodies have no need to earn
léfgé\gcgfits, ﬁave the usual economies of scale and also
to sbme extent the supporf of public resources.

Third, and perhaps the most important factor favor-
ing public insurance is the consideration Qf public
policy. 1Insurance is being increasingly loqred upqn not
merely as a commodity to be bought and'sold‘in the market,
but as én ingtitution of security which, more or less,
must be enjoyed by all. With the development of the
concept of Welfare State concerned with the matérial well-

being of all its citizens, insurance against the basic

.
uncertainties of life has become essential. Such respon- -

sibility can best be discharged by state through universal

and often compulsory insurance.

A scheme of compulsory insurance dictated by public
policy differs from voluntar; insurance, private or
public, in two material respects. First,.the adjustment

of premiums to'riskaj which is essential for voluntary

19
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insurénce'to attract low-risk individuals is not strictly
necessary in this case. Second,’under voluntary‘insur-
dnce, especially when it is privafe, building up of a
huge reserve may be needed, but under compulsory insur-
ance the state need not accumulate any reserve as it has
the power of compelling successive generations of citi-
zens to be insured, which helps to maintain a steady flow .
of premium payments. Moreover, it has the power of taxa-
tion to supplemeﬁt its funds.

Compulsory bublic insurance has thé following princi-

, it assurés, at least to the extent

" pal advantages. Firs
of compulsory insurante, a feagure of security. But
usually thére may for additional insurance
coverage on a oluntary basjs by public or private agen-
¢ies. The philosophy behind such compulsory insurance

was stated hy Lord Beveridge asl®: The state in organiz-

L]

ing security shoul@ not stifle incentive, opportunity,
responsibility; in establishing a national minimum, it
should leave room and encouragemeﬁt for voluntary action ‘
by each individual to provide more than that minimum for
himgelf and his family. Secondly, it is relatively easier
to administer. The business being assured, it is possible
to' build up a stable schedule of rates. Thirdly, owing

to the compulsion exercised by g9vefnment, the selling
cost is minimized. The cost of collection of premium can

be minimized by having them collected by the existing

revenue agencies.
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The main disadvantages of compuléory insuronce are,
first, it inferferes with free choice, second, being free
from competition the insurance ageney may adopt schematic -
bias of judging risks, whicﬁ leads to inadequate classi-
fication and little digferéntiation in premium rates.

This is likely to cause injustice to persons having light-
er risks. Third, where compulsory insurance requires the
state to share a part of the costs which ultimately comes
from the general tax payer, it means ﬁhat certain peobple
are benefited at the expense of the rest of the society.

Public insurance worked on voluntary principle ié
free from these difficulties, but it may have the problem
of getting‘sufficien} business spread oQér different risk
classeé as well as bf space and time, which are essential
for the success of any insuraﬁce scﬁ;me} The history of
U.s. Crép Ingurance Corporation is a typical example for'

such problems.

vV.5. A Viagle Public Crop Insurance Program for India

Though in most developing countries private insur-
ance agencies provide insurance protection to most urban
risks; there is hardly'any developing country where agri-
cultural insurance is taken up by the private sector.
~Apart from the standard problems of any insurance, like
lack of data base, moral hazard and adverse selecéion,

indeed, the most importént reason for absence of crop

insurance market may be the very special nature of

-
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agricultural risk. Unlike other risks like fire and

accidents, tife incidence of agricultural risks may:not be

¢

indepegndent among individuals. Thus crop losses, due to

‘floods or droughts, when they occur may be fairly wide-

spread. A private agency with a limited agro-climatic‘
area coverage maylbe reduced to bankruptcy by such a‘loss.
Indeed, this is the argument we have used in chapter IV
to analfiically_show that crop insurance maﬁket may hqt
exist at all.

Many developing countries faced with an urgent task
of reising the very low level of agriculture]qroduction
and unsteady nature of farm income, have been, in recent
years giving serious consideratigpn to the usefulness‘and
practicality of agricultural insurance as a public policy.

16 ihe vast majority have not

But except very few of them,
taken any eoncrete steps in this direction. For example,
crop insurance in one form or other was under active
donsideration by the Qovernment of India for the last //
three decades. An experf‘ conunitt;eelq recomended/against
a model scheme of public crop insurance prepared éy the
Department of Agriculture of the Government of India
mainly on the grounds that the cést in terms of'resources
and personnel required by that scheme is too hlgh and

that alternatively, these/ resources carf é; employed to

enhance agricultural productivity and reduce crop risk.

But in a recent article, Dandekar [1976]) has put forward

a strong case f6r crop insurance in India. He contends
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that the commlttee based its conclusions on wrong premlses
'and proves his point using crop yield data from the
Indian State of Maharashtra. Further, he developed his
own model of crop insurance whlch is comparatlvely easy ¢
to alminister and at the same time needs much less re-
sources. In the following pages we outline a viable
scheme of crop insurance for India which is esseotially a
modification’over DanQekar's scheme. . ~

We argue, as we have done in the introductory section
of this chapter, that publitc insurance should be looked
upon_achomplementary to other detelopmental efforts. By
removing -the. basic {nsecurity of farming, especially from
small farmers, thq{product1v1ty of other investments will
-be enhanced by the rntroductlon of a public insurance.
Any substantial reduoﬁ%on of agricultural risks, in large
tracts of India due'to droughts and floods, witlvrequire
astronomically laroe amounts of resources. Even if,
somehow, resources can be made available, it will take a
loné time for their physical exeéutioﬁ.l'Further,’the
social cost of such risk reduction may be much higher

than the corresponding social cost of rlsk-beanlng A

detailed discusslon of the social beneflts and costs of

" risk-bearing in peasant agriculture is found in Weaks
[1970 pp 32 -34]. Thus at least as a short and/medl
term public policy, crop insurance is relevant

The salient features of the proposed public ¢rop /’

insurance program are as follows: - Co
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1. Insurance protection should be limited to crop output -
and not crop prices. That is, the premiums and indemni-

ties are to be estimated in real terms. Premium collec-

tioen and indemnity paymentJCan be done ih mopey terms by

employing average prices est;mated over a“number of years.

Left to the market forces, any s$ignificant output changes

may;leadfto compensatory price gdjustments to substantially
stabilize the agricultural income. This need not be neb—.
essarily true in a couh£ry iike Indié where regional vari-
ations in the iqcidence of riskare considerable and at the ¢
same time there exists a national market. But more
importantly, agriculﬁdral price management has been an ‘
effective policy of the government for some time. More-
over, large segment of the farmers produce for home con-
sumption only. Also, the benefit of higher prices is no
consolation for a farmer who loses his entire crop.

2. The insurance should be all-risk type for adequate
protection of the farmerl Since the main purpose of the
insurance is to prQtect the farmer f;om misfostunes beyond
pis control, at least all major natural héza:ds should be
protected against. . Moreover, there'are lamge tracts in
India which are subjected to droughts and floods in almost
alternate years. R . ) .

3. It should be a/combined insurance covering all major

crops.. Unlike the model scheme considered by the expert

committee which {;volved single crop insur§nce, our ‘scheme

will be administratively much simbler. From the point of
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view of the farmer also, a crop insurance scheme covering

all his crops would be much more meaningful than the
coverage of several crops singly. Moreover, in each area,
>

two or three principal crops will glve sufficient protec-

tlon te each farmer. For the purposé of such combined

rop coverage, a productlon indéx with approprlate weights

should be constructed. In general, the varlablllty of the
. overall product1v1ty of crops is much smaller than the
vield variability of individual crops and as such the fre-

quency of indemnification under combined crop insurance

‘Jgill»be much less.

' 4. The insurance séould have wide area coverage even as
an experimental pfogram. As. discﬁssed earlier, one of the
‘main reasons for the absence of cfop insurance market is
the speciai nature of agricultural risk, namely widespread
crop losses over homogeneous agrokclimatic areas, i.e. - the -
non-independeﬂce of risks. 1In such cases borizontal spread
of risk can be achieved only by spatial spread over- wide
geographical areas. In India this can be achieved in a
reasonable sense by national coverage.

.

5. Insurance should be based on an area approach instead

of the usual individual approach. This may be perhaps the

4

most significant departure of the proposed crop insurance

program compared to other insurance programs. In usual

W lnsurance practlce premium and indemnity are‘assessed on

an 1nd1v1dual ba51s.\\§yen though ind1v1dua1 Wproach is

the ideal apprvach and is the one followed by U.S. Agri-




cultural Insurance Corporation; this is, for all practical

. purpose;, impossible for India with its fifty million farm-
N ]
ers. An administrative machinery at least as large as the

existing developmental framework will be needed for such

an insurance program.  Moreover, since indemnity ig totﬁe
determined on an individual basis, the problem of moral
hazard may be very serious. For a successful program,
continuous monltorlng of farmer's behavior from;iaid prep-
aration to harvesting may be needed. The basic idea of an
area approach to crop insurance is that the premium and
, indemnity for a number of fafmers over an area will be ' .
@étermined jointly. Every farmer in such an area will pay
premium at the same rate and receive indemnity if the
average yield in that area falls substanéiélly below the A
area's normal yield. ' I
6. The success of crop insufance based on area approagh
deéénds on the'selection‘of homogeneous areas. The rele-
vant homogenelty is w1th respect to crop risk and not crop
yleld The coeff1c1ent of variation of crop yield can be -
considered as a good ﬁeésure of risk. 18 Once..farmers are
- classified into homogeneous areas based on the coeff1c1ent

L 4

of variation of crop yield the 1ndiv1dual behavior is no

»

more relevant and as such the moral hazard problem is
completely eliminated. If premiums for different areas
are determined proportional to the coefficient of variation

‘ B
in yield such that over a number of years the total premi- "

I.' um received is equal to the toial'indeﬁnity paid, such’ an
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linsurance scheme can be considered truly actuarilly fair
- » kA -

among the different homogeneous areas.

7. Is such a scheme a true crop insurance for the rs?

Il

This depends on how far homogeneous each area is with re-

spectéé?risk. -If . each farmer's yield and the area average

yield move .together ebqve or below the respective normal
yieids, our-ﬁethod is foglproof. If not, many farmers will
receive indemnit& when tﬁeir crops are goog and many farm—
ers will not receive indemnity-when their crops are very
bad. Even if one can tolerate the former, it is hard to

justify the lattér. This problem has to be tagkled sepa-'
. : - '
rately and we will come back to it later. Oned can also

argue that the importaﬁtleoncern should be that each area
. «

is sufficiently taken care of when the output and income -

in that area is depressed. Thus in a genérally. favorable -

year, even if'oﬁe~0r two farmers did spffer, if‘the 6p£pu£
and income in that area are high, then thaq.is:a.go;erable
situation. : ) , _ 4 ) ¢

8. :The existing agricultural statistics system can bé
used as datéJbase for the proposed‘insurance program.
India has a fairly satisfactory agricultural statistics "
systen based on sound statistical principles. For example,
the crop yjeld estimates are based on stratified multi—‘
stage :aﬁdqm crob cutting experiments. Detailed dat; from

these crop cutting experiments are available for more than

two decades. These can be used to estimate the coefficients

’
.

of variation and to classify areas based on ri;k. Also,

Y - . - N / \
P . Ji
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‘to st.art wi]th the noml area average yield can %e

‘ estimted as &e past ten year average, though for subae-

-quent years the normal \y‘teld ’Ihould be a moving average

-

for the latest ten years.

9. Determination of Premium and Indemnity. The prenimn.
for eadfl '“:rea should depend ‘on the riskiness and the terms ~
and conditions of indem;ity. \As.eq;iri‘cally deinonstrated

19

by Dandekar, full protection of normal yield will require

indemnification in every altgrnate ‘year and in tHis .qase

L}

premiums will be prohibitively high. A reascmable schene

may be to protect the farmers for two-thirds of the differ-‘

ence between three-fourth of the pormal yield and the

actual area average.
toey

8 esf.i.mated by Dandekar [Ibid,

indemnification on the average once in four years. To be
acturially fair the total premium collected over a number
of years, say ten, and over the ‘entire country shoyld be
equal to the total expected. indemnity payment over the

) b '
same t1me afla space. We assune that the cost of adninia-

tration will be borne publicly. -As against the estimated

cost of adninistration of governme;‘ of India’'s original
scheme of 4@ of the premium income, a rough estimate of
the'cost of ad-inistration"r-ot the preaent sclumn is of
the order of 1) to 15 percent of the total premium income.
10. Should 'inau.r‘no?be compulsory -or :;pt,i;'mal? Though
in_ principle the area approach charted above is free from

- - b ]
.




the problem of advérse selection, some amount of compulsion
‘supplgnénted by prop;ganda may be needed. The merit of a
voluntary scheme is. that collep;ion of p;emium becomes
easier'gs bﬂly thoée farmers who find. the scheﬁe attractive
would jéiéﬂii.- But ia\ehat case insuran to be sold
ejnd”this is said to account for a good proportion of the
cost of administration of the scheme in the U.S.A. Furéher,
if the experience of the co-operative movement in India is
any guide, there is also the dangér,tﬁat crop insu:ancé on
.a voluntary basis will serve mainly the inte?ésts of
wealthy farmers. A solution to thi; problem may be
oétional applibétion of compulsory insurance, as is done

in Japan. * In ou; case this.maf be based on fhe majority

20 or'fuialco—operative society.

decision of aPanchayat
,Also tﬁqlinvolvemegt,of such a local organization may have
the adifd advantage of an element of mutuality. ﬁoreove;,
one of the main limitations of the proposed aiea.approach,
namely non-payiment of indemnity to farmers Wubjécted to.
individual losses, can be satisfactorily handled by such
an_organization. .

11. Organizational strucgure of the proposed crop insur—”
ance program. The Gener;i Insurance Corporation of India,
‘a publiq~sec£or undertaking, may be bostﬁiu%ged to manage
the crop insurance program. PFirst, it has already the
necessary expertise at gll levels neéded. Of con#;;,-}t

will require additional staffing and training of personn-

el. Second, it has officés and field staff spread all over

- ’
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the country. What is esseﬁtially required may be proper "
coordination betweeﬁ this organization at various levels
and the organization of agricultural statistics at various
levels: At the local level,.the insurance corporation can
enlist the cooperation of co—opérative banks and rural
credit societies.: , .

12. Linking of crop insurance with_rural—credit’insti-
tutions. As DanéékéfZl put i§§ Without protegtion'from
the insecurity of agriculture, the entire structure of
agricultural credit in India is in danger of total 7
collapse burying‘dhdef it the cultivator in pefpetual
indebﬁedness. Even ﬁhe Credit Guarantee Corporation of
the Reserve Bank.of India protects only the-c;edit insti-
tutions against default risk not the far@ers.lvin this
context, a modified form of ?rop-loan insurance program

. as practiced in Mexico may bé worthf?onsidering. Crop-
loan from public institutions and co-operatives ghould be/
compu}sorily insurgd. The premiuﬁ should be collected

in advance from:the loan and the indemnity should be ad-
justed'in.repayment. Thisﬂmay‘substantiallyzredudb/the

L]

inhibition of podr farmers from seeking agricultural loans.fv, -~
' Iv] . v -

“
.

V.6. Cohcludigg,Remarks

In this chapter, as elsewhere in this thesis, we
Jlressed-the importance of 6utput uncertainty duento ~
natuFal hazards in pedsant agricdlture. wejgrgued that;-

as in modern economies, in peasant agriculture also, the

.-

!




need for risk-shifting is universal. Even in modern
economies the scope of insurance market is limited by a
number of factors which can be:classified under the gener-
.al heading of 'information externality'. But in the case
of ‘agriculture, especially peasant agriculture, over and
above information problems, éiere is the important problem
of interdepengsnt risk. Because of these factors.there
exists virtually no crop insurance market in peasant
economies.

But in peasant agriculture, apart from various risk-
reduction methods apd risk-assumption methods, thére are .
' many tradit%onal institutions and practices for risk-
‘ghifting. However, most of these insurance surrogates
. have two common problems: the implicit insurance premiums
are heavily loaded against the individuals and even if
they are efficieng in a static context, they may be highly
inefficient in a dynamic senSe.22 é,

It is_in this context.that we consider the role of
crop insurance as a public policy. Economic growth with-
out distributive justice ié‘no more acceptable to the
ﬁeople apa,the polificians ﬁnd policy makers in most
developing countries. In most of these countries, fifty
‘to)seventy percent of the people directly dépend on
‘agriculture foflghgir living. - Improvement and stabiliza-
tion of their imcomes are too }nportant to be neglected.
Crop insurance as a public policy may definitely involve

some subsidization. But in any case, various agricultural

)

-

b
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subsidies of indirect nature such as reduced interest
rates and direct subsidies duringﬁkhe time of crop failure
exist in various countriég. Based on the simple Erinciple
of the superioritf of direct subsidy to indirect subsidy

one can argue that an insurance premium subsidy is super-

ior to an interest rate subsidy. Moreover, as we have discussed

elsewhere, income tax on farmers, in general, will not

adversely affect productive efficiency and as suchsizeable .

amounts can be collected as taxes, especially from wel%-
off farmers who are the benefgéieries of mosttof the past
developmental programs and the same can be used for sﬁbsi-
dization of public crop insurance. ‘

Finally, we have developed a simpie, but viable model
of crbp insurance, specificéliy in the context of India.
Though  this is not the ideal érop«insurancé, codsidering
thé practicél limitations, tﬁié second begt'policy m;y be
worth applicaﬁion. Further, one cén'eiploré';he possi-
bility of linking such a crop. in urancé-progfam with -the

éxistihg statutory distributioQ,o ifood grains through
public agepcies and thé butfer stock of food grain in
India. Also, one can imagine the possibility of linking

country érop insurance programs with the World Food Pro-

o}

gram of the FAO. .
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11.

. This practi¢e is notorious for its prevalence in
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Footnote§

One can argue that a decline in farm output may be
offset by a compensato price change. But this need
not be necessarily € in a country like India where
regional variations in the incidence of agricultural
risk is considerable and at the same time there
exists a national market. Moreover, large segment of
the £ rs produce for home consumption only. -Also,
there g no benefit from compensatory price changes
fo a farmer who loses the entire crop. '

For detalis of such measures in U.S.A., see Ray

[19@7, chapter 4] and in India see Dandekar [1976,
pp.\45=77]. .
This is an extract from the report of the Manager of
Federal Crop Insurance Corporatlon U.S. Department

of Agriculture for 1948 .

After a thorough study of intensive agricultural de- .
velopment programs in India, Frankel [1971, chapter 7]
concludes that the spread of green revolution was of
any significance in only areas of favorable agro-
climatic conditions. Even in such areas the gains
have been very unevenly distributed. - For similar
conclusions based on empirical analysis, see Bardhan
[1974b]} and saini [1976]., .

See Wharton [1969, p. 466].

For details, see Ray (1967, pp. 70-71]. a

south Asia. For example, if a farmer has three plots
of equal size and three sons, usually he divides all
the three plots among his sons instead of assigning
one to each. :

This is very common in India.
The classlcal source of this view is Marshall [1956,
p. 644]. .

Cheung [1969), Bardhan and Srinivasan ([1971], Rao
[1971]), Stiglitz [1974], Hsiao [1975] and Reid [1977)
are some of the,impo;tant examples.

Innovative farming is the best example for such
dynamic inefficiency. Empirically this is verified
by Rao [1973].




12.

13.

14.

15.

16.

17.

18.

19.
20.
21.
22,

v

This is reported in Ray [1967, p. 33}. This may be
tmainly due tqQ the optional hature of U.S. crop insur-
ance program and the relatiively specialiged nature of
U.S. farming. - Comparatively rich farmers j01n the
insurance to protect thelr large 1nvestments 1n
spec1fic -£rops.

See, for eﬁanpls the report of the Expert Committee
on Crop Insurance in Indla [Government of India,

1972, p. 23]}.

Thls is a rationale of wider significance, which is .
often qplled upon as a justification for the operation
of prlvate and public enterprises simultaneously in
various sectors of the Indian economy, for example.
This is an extract from the report by Sir'William
Beveridge on Social Insurance and Allied Services,
prepared for the British Government in 1942, as

- reproduced .in Ray [1967, p. 224].
4

They are Brazil - coffeﬁgcrop insurance, Jamaica -
banana crop insurance, Mexico * cr0p-loan insurance
and Sri Lanka - paddy crop lnsurance.

1

See Government of India [1972].

For theoretical and empirical support, see Botts and
Boles [1958] and‘Dandekar ({1976] respectively.

See Daridekar [Tbid, p. 72].
Elected body of village representatives in India.

See Dandekar [Ibid, p. 80].

See footnote 11.

200




TN

x CHAPTER VI ‘.

SUMMARY AND CONCLUSIONS

' In the préceeding chébters‘we Qere concerned with the ) .
role ana significance of uncertainty due t6 natural haz-
ardé, on peasant behavior.  An attempt was made to shoy
that if peasants are considered §s’essentially ogerating
under conditioné of uncertainty, most of the Q?pipently
irrational behavior could be given economic xationalizp—
tion. Many trad%tional practices and institutions have
been shown to befmanifestétibns of rational decisions in

the face of uncertainty by poor farmers who are basiéally

risk-averse. L
.As the largest economic sectér, agriculture can play.
a key role to achieve the objectives of:economic growth
and social'juétice in most developing cauntries.~ However,
from a careful scrutlny of the developmental efforts durlng
the last quarter century, one gets the impre851on that
agriculture was relatively neglected. ‘Further, whenever
there were deyglopment progreﬁs direotédlat agriculthre,‘

the benefits have in general accrued td a minority of

-
1

wealthy farmers. Thus most of the economic development by-
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el
passed a significant segment of the pppulation, namely
peasanfry, ,whicﬁ constitutes more than sixty percént of
thetpopulation in most of these countries.' That is, the
majority still reméin}largely outSidé the entire;developf
ment effort, neither aldle to contribute much to itﬁ ng%
benefit fairly from it.  Apart from the staggering‘humgh\

misery involved, this has created acute socialy;ensions

within and between regions and countries which threaten the

. +

)

very foundations of civilization.
An important aspect of peasant life is the uﬁcertéinty

of income due ta the vagaries of nature. ?his~uncer£ain£y

plays a ¢ritical roie in peasants'’ decision-making, Any

serious attempt at explaining pe@ant ratidnality and

formulation 'of economiC\QEii:ies for the uplift of the

peasantary should. takeé this important factor into consider-
ation. : S c‘: ot |

A simﬁle decision model of a typical pedsant farmer,
faciﬁg output uncer%;inty is introduced in chapter two.
Making the reasonabié"assumption of risk-aversion; we.
establish that it is qui;e a rational decision on the part
of a small farmer to employ less of each variable input
th?n classical marginal analysis wou&d suggest. Also, the
observgd,ipverse relationship Setween farm size and pro-

ductivity is given a theoretical support.. That is, in
‘labor intensive farming there are no economies of scale;

' [
rather thereare diseconomies of scale. This has important

imglicatidns in the context of land reforms.

-




A commbn complalnt about small f&tmers is regardlng
fhelr reluctance to adopt modern technlqueé ang inputs of
farming. Analyses based on determlnlstlgﬁmode%s;have
practically no explanations for this phenomenoh."’Bﬁt in
the context of the present model, this reluctance can be
explained as a manifestation of risk-averse behavior of
poof farmers.. To encourage them to adopt innovative |
farming, the most effective. public pélicies are sho&n éo
be those directed at reducingAthé riskiness of fa;ming.

In most developing countries, there is some. sort of
urbamr income taxation, but usually thgre is no gimilar tax
on agricultural incomes, Extensioﬁ of income tax o agrif
culture is usually resisted on grounds that this may aa—
versely affect agricultural productidh. But the p:es;nt
analysis clgarly indicates that this need nog;be the cése.
Raﬁher; introduction or increase in the existiné ievel of
+"taxation may encourége tﬁe farmer to work harder. Indeed;.
these results are extensions of simila; results in the
analysis of taxa;ion and risk-taking. Lo ‘

In section 4 of chapter two we~gene£§lize the model

to include input uncertainty also. Instead of assuming

that inputs ‘are committed before farming and hence- are not

-

Lal

subject to uncertaintj'with»the weatﬁer, it is more realff
istic to assume that the farmer ﬁdjusts'his décisions re-

garding the application of inputs as the weatﬂeriuncertaiﬂ—
ty unfolds 1tself through plantlng, Weedlng and harvestlng

seadons. Moreover, there are other random factors affect—

4
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jhg the flow of different inputs. With this realistic

_generalization, which substantially complicates the moaelj
the above analysis is repeated. The result is that in a

. b ; . o s
number of cases it is required to .impose rather restrictive

assumptions regarding farmer's risk-behavior to arrive at

~— difinitive conclusions.

Chapter three deals with the specific problem of rural- -
~1apt ‘ p !

‘urban migration. For this, we introduce a modified version

® i

of the model of chapter two. The staﬁdard theory of rural-
urban migration in traditionai‘economies ;rgats the'wg_éé~
income as uncértain, assuming that the‘farm7inconeiis
certain.. We are looking SE the problem f£oﬁ the opposite
side, that is, stressing the role of uncertainty in“farﬁ - {/7,
income. Within this framework, we analyse the peasant - ©
household behavior as regardS\;P migration. The effects
of a number of public policies ggziuding investmeﬁt in
agriculture, land reform, and incoﬁe’tak, on migraﬁi§h~5re
.. stuéied.i ‘ ;
Perhaps the most significant policy conclusion emerg-

iné from-the present analysis is the ‘great difficulty of

substantially reducing migration without a concentrated '

edort at makisf rural life more attractive in the sense

of re&ucing.uncertainty in farm income. -Unless'the risk

of farming is substan;ially reduced or trﬁnsferred from

the farmer through a’proqess\of social risk-taking, the

peasants will continve to move to the urban a;g&s even if

there is no institufionally fixed high minimum wage. Also,

-




o . . k
ur analysis reinforces sye'onginal Harris-Todaro [1970]

L
conclusiQn that economist's standard policy prescription
of generating urban émployment opportunities through the
use of 'shadow prices' implemented by means of wage subsi-

-

dies or direct government-rhiring might,. in fact, exacer-

1

bate the problem df\si?an unemplgyme;E and,underemployment.
We tend to agree with Todéro [19?6, P 2225: There would
thus appear to be no strictly urban sﬁlutidn.to the urban
unemployment problem. Rural aevelopment is e§§ential.

In the earlier"‘hpters, wéiwere con?ernéd with the
implications of uncertainty on géIsant dgdféion; and tﬁé

impacts of certain public policies on them. Some of these

policies have_ direct ¢pearing on elimination or reduction

oﬁgigg:}mpact of uncertainty. But elimination or reduc-
. ~ ‘ o - . .
ti of agriculfural pncertainty may ﬁgt be-always feasi-

‘ble or desirable. In such cases, as Arrow [1971, p. 143]
argued, the best solution would be to transfer the risk to
an agency bést able to bear this risk. The social and L

private benefits of such risk—;{ansfer may well exceed the
éosts. This is quite.true in tﬁg“tase of much of the
traditional agricglturé, most of which hefvélywdepends on
the vagaries of the weather.

‘ Taking'these facts into account, we devote chapter
fouf'toldevelop a Fheory of crop insurance within a general
' equilibrium framework. We begin by clari}ying certa;n
cbnceptuai and analytical issues which demonstrate the

need for a separ&te theoretical analysis of crop insurance

14
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apart from the standard econoﬁic theory of insurance.
Then we provide certain theoretical justifications for the
non-existenqg of compétifive crop insurance markets. And
finally, a theoretical model of public crop insurance is
dggeloped and its properties analysed.

| In chapter five we discuss the role of insurance in
“gener&l, and crop insurance in particular. Also, the
distinct problems of crop insurance are presented and the
traditional insurance surrogate institutions and practices
discussed. Further, a viable’crop insurance program
specifically, in the context of India, is developed.

As should be expected of any theoretiaml study of this
kind; which involves a number of simplifying assumptions,
the policy conclusions are of general nature. Results are
not developed «to the level of policy-prescriptions,»but
rather, .to the more modest goal of providing a better
understandgng of the implications of various publ?c poli-
cies uﬁde}‘uncértainty. Also, since the'earlier,parts of
the study are restfiéted to part{$l equilibrium models,
the welfa;e implications of various public policies cannot
be fully_pursued. Further, in order to concentrate on the —
significance of output uncertainty due to natural hazards,
thé’}ole of price uncertainty was completely left out.

However, as a first major attempt at analytically

- . .
explor;pg the implications of uncer;ainty on various as-

pects of'peasants' decision-making and in bringing out the

internal contradictions involved in pursuing policies based




on deterministic models in a world of uncertainty, the

" present study i‘oped to have served a purpose.

Possible suggestions for further research are several.

First, parEial equilibrium models of farm-production and
migration may be extended to gendral equilibrium models of
at least two-sector framework. 'Labor—leisure choice méy

w be an important aspect’' of peasant life. And the models

might be extended to include this aspect of decision-

making. The analysis can be further extended by including

savihgs and assets and intertemporal
And finally, most of the policy

from the present analysis critically

utility maximization.
conclusions emerging

depend on the specific

The -relevant hypotheseé

need empirical testing, specifically in théys96;;;§\pf

)

risk-beh#vior of the peasants.

peasant decision-making.




4 \ APPENDIX

SOME TOOLS IN THE ANALYSIS OF BEHAVIOR
UNDER UNCERTAINTY b

-

Uncertainty affects virtually every aspect of economic
1ife.s Yet, economic analysis of declsion.making under un- _
certainty started only recently. The basic problem in de-
éigniug pfobaﬁilistic models to cope with uncertainty is
that one need not only take into account theiranéoﬁ vari-
ables and associated-probabiiity distributions, but the
a decision-maker's attitude towards risk must also be taken

into con;ideration. Thus, in order to determine the
¢ extent of a manufacturer s inve.tment in a new venture, or
_*o f1nd if it will ever be undertakens_one must not only
'assume knowledge on the part of the_prodhcer of the proba-
Bility distributions of the unknown vafihﬁies, but also
know whether he has aversion, indiffetence or pr&ference
for the risk 1ﬂﬁo1ved.

o

A!l. The Vbhf‘oulann—nbrgenltern Utiiitg,?unction

.

.

A simple -athod to deal with these problems is sug-
’ested by the Von Nemnn—)brgenstem utility theory, which
is closely relatod to the probabhlity theory.i This
- approach, however, rests on various behavioral postulates,
iuplicit in a set of axioms rlying the existence of -
_the Von uemnn-uormtom lity-function. The accep-

. ‘ ' ) ‘
4 n , el - ) B Y
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tance of this utility function implies acceptance of the
axioms, which were lucidly explained by Von Neumann and
Morgenstern [1947] and subsequently by Marschak [1950].

Once we accept the-existence of a utility function,
the formal characterization of the decision-maker's risk
attitude in terms of the properties of the utility function

~can be easiiy.hécomplished. Suppose that the utility‘

function of income, Y, -

7 u(y) o | (A-1)

is thrice differentiablg. Confronted with a choice of two

policies, each of whichadetermines Y as a random variable,

an individual is supposed to choose that policy wpich makes
E[U(Y)] the larger, where E is expected value in the sense

of probabilitQ-theory.

-

One can always assume that income is desirable; that
‘ .
is

u'(y) >0 . (A-2)

Thus U(Y) is a strictly incxeasing function of Y. If
U(Y) satisfies the axioms of Von Neumann-Morgenstern
utility thebry, then the sign of the second derivative of
u(Y), U"(Y), determines the -individual's aétitude towards
risk. Specifically, if U"(Y) = 0, so that the utility
function is linear, the individual is jndifferent or
neutral towards risk. In that case it can be ea;i Yy seen

" that maximization of expected utility of income and

<
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expected income are identical. If U"(Y) > 0, so that the
utility function is strictly convex, the individual is

\ said to have risk-preference. And finally, if U"(Y) <0, -

" so that the utility function is strictly concave, the\ h

.indiwvidual is risk-averse. N,

\,

- A.2, Risk—Aversioh

From the time of Daniel BerNoulli on, it has been
common to argue that (1) individuals tend to display
aversion to taking ' risks, and (2) that risk-aversion in

w

turn is an explanation for many observed pheﬁomena in ;he‘

economic world. Thg proposition é?at risk-aversion is the
prevalent phenomenon has been supported by personal intro?
épectioﬁ, consideration of the well-known St. Petersburg
paradoxl'anq its success in explainiﬁg v&rious economic
phenomena such as insurance, common stocks and otﬁer rigk-
sharing contracts and holding of money in preference to

®

» . intereét—bearingwsecurities. -
A risk-averter ' is defined as one who, starting from a »

proposition of certainty, is unwilling to take a bet which

is actuarially fair. Consider an individual with income

Y, who is offeréd a chance to win or lose an amount h aé

fair odds. ﬁis chéice is then between the certain income

Y, and a randoﬁ incgme taking on the values Y,-h and

Y, +h with probapilities 1/20 each. A risk-averter by

definitiéh preférn’fhe certain income; by the expected f

utility hypotﬁégis, we fust have

F'y

~
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e ).U(YO) > 1/2 U?{o-h) + 1/2 U(Y0+h)
which can be rewritten'ps
U(YO) - U(Yo—h) > U(Xo+h) - U(YO)

Thus the utility difference corresponding to equal changes ~
N

in income decreases as the income increases which implies
‘ 4

that U'(Y) is strictly decreasing as Y increases. That is,

forai risk-averse individual
Ut (Y) <0 (A-3)

A related concept is.'risk premium’. If a person is
risk-averse, his risk premium is defined as th& difference
s between the expected value of the return from the risky

prospect and its certainty equivalent.2 Let

Juy#*) = 1/2 U(Yo-h) + 1/2 U(Y0+h)

. Here m = YO-Y*\is defined as the risk premium.

A.3.. T@e Axrrow-Pratt Risk-Avérsion Functions

While the mere éxistence of risk-aversion can be used
'as an explanatibn‘of the existence of insurance, and other
institutions, one needs a suitable measure of risk-aversion
to devglop more specific results. Tﬁe rate of change"of

U'(Y), namely U" (Y) cannot be taken as a measure of risk-

v

aversion as the utility function is unique only up to

lppsitive linear transformation and U"(Y) is hot scale-

N
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invariant. Considering this, Arrow3 has defined two

simple measures of risk-aversion as

R (Y) = —2(¥) = a-4)
A U (Yj
R, (Y) = I—UTQ{—)Y-} ’ i (a-5)

The former is called a measure Hf absolute risk-aversion
and the latter a measure of reflative risk-aversion.

The ‘two measures have sifple behavioral interpfeta-
tions. Consider an individual with wealth Y who is
offered a bet which involves winning or losing an amount
h with brobabilities p and 1-p, respectively. The indi-
vidual will be willing to accépt the bet for values of b
sufficiently large and will refuse it if p is small (a
risk-averter will refuse the bet if p = 1/2 or less). The
willingness to accept or réjec; a'given bet will in general
also depeﬁd on his present wealth. Given the amount of
the bet h and the wealth Y, there will, b& continuity, be
a probability p(Y,h) such that the individual is just
indifferent between ;ccepting and rejecting the bet. If
attention is restricted to small values Jf h, the funcfion

p(Y,h) can, for fixed Y, be approximatedby a linear

function of h, which turns out to be,

1

p(Y,h) = 5+ RA(Yl h + terms_of higher order (A-6)
B ¢

in h ' f’J

The absolute risk-aversion directly measures the ihsis-

tence of an individual for more-than-fair odds, at leagﬁ



‘when the bets are small.

If one measures the bets not in absolute terms but }n
proportion to Y, the absolute risk—aversion is replacéd by
"the relative risk-aversion. Denote the amount of the bet
‘by kY, where k is the fraction of wealth at stake; if one
lets h = kY in (A-6) and uses the definitions (A-4) and

(A-5), one gets

Rp (Y)

4

p(Y,kY) = % + k + term of higher order (A-7)

in k

-

Another similar interpretation of the risk-aversion

- measures has been developed independently by John Pratt4

in terms of the risk premium. Consider an individual faced
with a random income Y and offered the alternative of a

certain income, Y A risk-averter would be willing to

0

accept a value of Y, less than the mean value, E(Y), of

0
the random income. His risk premium is defined as

m = E(Y) - Yo

Then, if the distribution is sufficiently concentrated
(technically if the third absolute central moment is
sufficiently small compared with the variance),‘Pratt
- shows that : ‘ '
. . /,// : ' .
m % 2 oR,(¥)) + terms of higher ozder .  (A-8)
s

where 02 is the varggnce of Y. A similar interpretation

can be offered for the relative risk-aversion. Thus the

213
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risk premium increases proportionately with the value of

o
o

the risk-aversion function.

-Arrow argued that absolute risk-aversion is a non-
. T ' 5
increasing function of wealth. This hypothesis is quite 'g
' | #
appealing,” because it implies that, as income increases, o

the individual's willingness to engage in.small gambles

of a fixed size does A;t decrease. After all, as the
individual gets riéher, one shogld normally expect a de-
cline in his risk-aversion or in his risk-premium. But

as Mossin [1968] points out, in itself the hypothesis of
decreasing absolute risk-aversionvis just a formalization
of 3 certaih property of a preferéncé oé@ering. As such
it leaves a good deal to be desfred.in’t;e waf of meaning-
fulness. It is only whe? itslimplications for bebavior

in a wide variety of ciréumstances”are explored that its
usefulness is established. But in general, it has with;
stood the empirical tests. Arrow showed that non-increas-
ing absolute risk-aversion implies that risky investments
are not inferior goods.

The relative risk-aversion is the elasticity of the
marginal utility-of wealth; it is invariant not only with
respect to changes in the unité of utility but also with
respect to changes in the units of income. Arrow hybothe—

sized that the relative risk-aversion is a non-decreasing

function of wealth. This implies that if both the size of

the bet and wealth are augmented in the same proportion,

the willingness to accept the bet does not increase. In
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the gontext of the portfolio model, this hypothesis implies

that non-risky investment is a luxury good.

. o A.4. Changes in Riskiness or Uncertainty .

, . An_ interesting question in probabilistic economics ‘
concerns the implicéfions,of a m;rginal change @n riski-
ness or uncertainty. For this type of analysis, one must

. agree on a se}f-cdnsistént and intuitively appealing defin-
itiop of ‘a change in ghe ngyee of uncertainéy. One
measure of riskiness which suggesfs itself is the variance
of the random variable. 1In éome circumsténces, however,
the variance becomes a .-self-contradictory measure of un-,
certainty;5 S L ’

Another objection frequently voicedeagainst the use

of variance as a measure of -risk concerns the use of the

mean-variance analysis approach with which this measure

is invariably associated. In the mean-variance analysis,

the decision-maker facing risk is assumed to be awar?,of
efficiency frontiers between the expected value of the
random4variab1evand its variance. However, the efficiency
frontier of the mean-variance hypothesis is not neces-

sarily equivalent to that of the expected utility approach.
Furthermore, the mean-variance analysis is invariably
illustrated with the aid of a quadratic utility functi&n,
which has an objectionable property in that’it gives~riée .

to an absolute risk-aversion fphction’which'is,strictly -(//\’

increasing in wealth. And we have already argued that




the ‘expected value of r*, yhereas a rise in 6 above i%ﬁ/,/<f/

N, %
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the absolute risk-aversion i§\£§alistically a ﬂon-iﬁ;rgas- ‘
ing- function of wealth or income. ’

Rothschild and Stiglitz [1970, 1971] analysed the
general problem of ordering uncertain prospects and the
measﬁrement of risk. _The measure of riskiness that we gsed
in the text has been called by Rothschild and Stiglitz a
'mean-preserving spread'. In this measure, a small in-
crease in riskinesé or uncertainty is defined by the
stretching of the oriéinal density function of the random
variable around a constant mean. ‘

Let the random variable be deno£ed by r. In terms of

the mean-preserving spread, the increase in riskiness may

be defined as follows. Let us write r* as
r* = 0r+6

where § and’'6 are two shift parameters, and initially §

=1 and 6 = 0. The variance of r* is given by

V(r*) = V(r)62

Y

rd t.
where V(r) is the variance of r. The expected value of

r*, on the other hand is given by

E[r*] = SE[rl+8.
.; g

. . » ‘ > * ¥ 13 » s
It is clear that am increase in § above its initial value
of unity leads to an increase in the variance as well as - ///”

-

initial value of zero causes only a rise in E[r*]. Thus,




in order to restore the original mean.,of r*, an increase

9

in 6 should be matched by a decline in 6 hy an amount such

that dE[r*] = 0, or

E[r]ds + 40 = 0, so that $° = -E[r].

dE [r*]

An increase in uncertainty in terms of the mean-preserving

spread is then defined by d§ > 0 and g% = -E[r].
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Footnotes

‘

For a complete and lucid statement of the'paradox and
its implications, see Samuelson [1977].

Certainty equivalent is that léevel of sure income at
which the individual is indifferent between the risky
prospectand the sure income.

These risk-aversion functions were independently de-
veloped by Arrow [1965] and Pratt [1964] and are
usually known as Arrow-Pratt risk-aversion functions.
See Pratt [Ibid, pp. 124-26].

See Rothschild and Stiglitz (1970, pp. 241-42].
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