PN Ags-0s!
132735

ECONQMIC GROWTH CENTER
YALE UNIVERSITY

Box 1987, Yale Station
New Haven, Connecticut

Center Discussion Paper No. 115

Risk Taking and Farmers' Crop Growing Decisions

Howard Kunreuther
University of Chicago

June, 1971

Note: Center Discussion Papers are preliminary materiels circulated
to stimulate discussion and critical comment. References in
publicacions to Discussion Papers should be cleared with the
suthor to protect the tentative character of these papers.

AII.D.
Reference Center
Room 1656 NS



Risk taking and farmers' crop growing decisions.

631.5 Yale Univ. Economic Growth Center. AT 1S
K96 Risk Taking and Farmers' Crop Growing
Decisions. Howard Kunreuther. June 1971,
30 p.

Yale discussion paper no. 115.
Bibliography: p. 28-30.

1. Innovations - agriculture. 2. Crop yields. 3. Farm
management. I. Kunreuther, Howard. II. Title.



Comments Invited June 1971

Risk-Taking anu Farmers' Crop Groving Decisionsl
by

Howvard Kunreuther

1. Introduction

Recently there hus been a groving interest by economists in the role
uncertainty plays with resnect to farmers' allocation decisions. Porter
(16) and Wharton (23) have suggested that a farmer will decide whether
or not to adopt new innovations by considering both the mean and variance
of yeturns. Mellor (14) hss indicated that scasonal fluctuations in prices
may lead a farmer <o plant a subsistence crop rather than a cash crop
which would purchase grain on the marikev. Falcon (4) and Lipton (10)

(11) argue that the variencs in prices and yields play a key role in sub-
sistence farmers' plunting decisions. Lipton makes the interesting point
that the optimizing peasart seeks survival algorithmz rather than maxi-
mizing ones and suprorts *his erntenticn with empirical cvidence from
seven months field observations in a small Indian villeg..

This paper deals with the farmer's crop groving decision at the
beginning of a particular seascn. Specifically we will demonstrate that
risk and uncertainty con justify diversification even if lend is homogeneous .
The anglysis will be espucially relovent foc the subsistence farmer whose
cropping pattern will be stironsly influenced by o comcern for havirg a

large enougn retu-a from his lend to feed his family. However, the basic

1 This paper wos written while I wes & ~esearch advisor at the Pakistan
Institute of Development coacmics under the Yale University Pakistan Project.
I would like to cxpress my appreciation o my collnegues at PIDE and the
Ford Foundation for thei: valuable comm:nts end suggestions during the
period when thece ideas were being scwn end were maturing. Special thanks goes
to gy research assistant, liohammed Ilyas, tor his computational assistance.
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model can be utilized in structuring a much brcader runge of problems.

The problem discussed liere will be couched in terms of a farmer who must
decide at the beginning of a particular season vhat proportion of his homo-
geneous land will be allocated to each of two crops. Varicnce will be used
as the sole measure of uncertainty. In this sense the modcl can be viewed
as an extension of mean-variance analysis for specifying optimal portfolios.
[See Tobin (20) and iiwrkowitz (12), (13)]l lie have purposely restricted the
analysis to the two wvariable cas2 in order to simplify the iheoretical ex-
position and to relate tne results to the jute-rice growing decision facing
farmers in East Palistan. DBut the pgeneral conclusions to be discussed in
the final portion of the paper also hold for the multi-variate problem.2
2. A Mean-Variance Declsion liodel for the Faruer

Consider a farmer who uuct decile what proportion of his land should be

devoted to crops x and y given that the net returrn from each crop j is a

random variable J with nean UJ and variance o, .

LY

lWithin the past two years there has Leen a controversy in the literature
as to wnethier mean-varioncce analysis adequately describes decision makers'
behavior. [See Bereh (1), Feldstein (5), Tobin (21) 2nd Semuslson (19)].
In order to sidestep tlis muthemalical debats we will arpgue that decision
makers have a difficuvlt time ascimilating levgre amounts oi information,
Consequently, we will assume that they base theinr cetions on the first two
moments of the probability distributicn. ‘o the owpivical scoction of the
paper we will show thal each o¥ the variables of intceiest can be approximated
by a normal distribution wvhich sabisfice the mathermztical raguirements for
using only the mean and veoriance to deternine wllocation deeisions under
uncertainty.

2After completing this paper T come uerosc an iateresting study by
Nowshirvani (15a) which discussos tie same 1ond allocation problem but under
some rather restricuilve assurmmtions. Speciiically Howshi vend determines
the optimum proportion ot land nllocited to ecach crop if the f.ormer's utility
function is quedratic, nrices ond yiclds crce independently distributed and
the farmer is not permitted to consume more than hic wminimum food requirements.
The models to be develoned hiere introdues risk throuszh nrobabilistic con-
straints raether than by an cxpliei. vtility funeticiiy tic net return from
the two crops in any one yrrar cen be positively or negetively correlated and
the farmer is allowad to ccenswae ore than Lin ninirmane requirements.
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Let Z be a random variable representing the net return per unit of land

when m is the proportion of total acreage devoted to crop x. Thus

7 =mX + (1-m) Y

with wmean u_  and variance 9,

We will first treat the case vhere My, = “y to see hovw the coefficient
of correlation (p) between X and Y determines the proportion of land
allocated to each crop. The more interesting case where both the expected
returns and variances of the two crons differ will then be analyzed:
a, Minimizing the Variance
When M = uy then the farmer who is a risk averter vants to find

ol
the value of m which nmirimizes 07 vhere

2 e 2 2 2
o = m o + (1-m a + 2 l-m) o @ 1
(1-m) v pu(l-m) o v (1)
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Setting doz2 / dm“ = 0 in (1) we obtain the following simple

a
o

expression for the value m vhich minimizes variance

m* = (1 - pw)/(21 = 2pw + w2) (2)

where w =¢_ [/ ©
X Y

Since 0 < m < 1 the folloving boundary solutions are found

directly from (&):

fat
l

=1 if w<p
m =0 if v > 1/p
Given p there 7ill thus be a range of values for v vhere the farmer

will want to grow crops x and y, as seen graphically in Figure 1.
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Specifically if p < w < 1/p (the non-shaded area in the diagram)
then the farrer will want to cultivate some land (perhaps very
little) with the high variance crop. Only when the ratio Sy / cy
is sufficiently high or lov to counteract the less than perfect
correlation Letween the return from the two crops will the farmer
prefer not to diversify at all.l

b. Differences in kxpected Keturns

The problem becomes more interesting and relevant if the crops

have different exnocted returns ac vell as variances. Every value
of m then implicc a znerific 1oint in the Uz“"“'oz plane and all
feasible noints taken topetiizr form an opportunity locus illustrated
by the curve OL in Figure 2. I the peasant had unlimited reserves
at his disposal and wanted to maximize long-run expected profits
then he would devote his entire land to tie crop with the highest
expected net return no matter wiat the shape of the opportunity
locus. But most Tarmers are not in tnis enviable position and
short-run considerations may lead them to diversify. To see
this in more concrete terms, let us postulate that the optimal
value of m is chosen so os to maximize the return per unit of land
at a point t standard devietions from the mean. In other words

the objective function becones

max {uz - tcz} (3)

1o . . . .
The risk-lover, on the other aand, will never want to diversify when ux=
u,, since oz2 is maximized at the extreme values of m. His decision rule
58 . X . . .
will thus be m" = 0 if oy < Oy, m" = 1 if ox > oy and indifferencr between

planting only xor yif a, = 0,.

o



m or u.

m=l(ux)-

*H4
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e, oo = e

1=0 (y 4

Tieure 2
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with the value of t used as a proxy for the risk level « .l

The objective given by (3) implies that the farmer is following
a type of minimax strategy by sacrificing some long-run expected
profits in order to maximize the minimua return at a given risk
level.2 Farmers vhio have large reserve stocks and/or sur—lem>ntary
income irom sources outside of their own land will most likely
choose & lower value of t than subsistence farmers who depend
almost entirely oun the return from their land for their income.

To determine the optimal value of mﬁ vhich satisfies (3)
we need only construct a set of indifference lines in Iigure 2
of the form W, T toz. The farmer would like to be on the highest
indifference line thet still touches the opportunity locus, OL.
As t becomes smaller the indifference line becomes more hori-
zontal and m% will be determined primarily by expected return con-
siderations. Conversely as t increases, so that the indifferente
lines become steeper, the proportion of land devoted to each crop

will be determined primarily by the variance component, o, -

lIf 7 is distrivbuted as a normal variate then a risk level « = .05
would correspond to t = 1.645. There would thus be a 5% chance that the
return per acre would fall below iy - tuz units.

°Phis criteria is analogous to the one which Ratna (18) has found
to be satisfactory in describing land use patterns in India. He used
a game theoretic approach modeled after Davenport (2) to examine farmers'
crop growing decisions in six districts of the country.
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Suppose a specific risk level, wl, corresponds to tl

standard deviations from u_.

Then the farmer will maximize

{uz - tl GZ} at point A in Pipgure 2 and will grow both crops

X and y. For this example tiie faiwer would vant to grow only

crop X if the slove of the iadifference line, t , is less than or

+*
equal to the slope of OL at m = 1 denoted by t where

t = dpz

(5o, )/ (0, =00, (u)*

Y

The cbjective function given by (3) will not be appropriate

for describine thie crop-croving decisions of a subsistence farmer
[ ] M <o

whose chief concern is roceiving a return of at least s per unit

of land with a certain proboubility.

The value of s will be

determined by corsumption ne-ds, r:scrves on hand at the time of

planting and expected sowr:es of

His objective mipht then be to

max (y

.

Probsbility {Z < 8) ¢ «

du i:u
do a

‘m=1

LI b

question.
"subject to
duz ) duz / dm
do do_ / cm
z z

income nther than from the crops in

(5a)
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where « is again a measure of the risk level.l If t is used as a
proxy for = then (%b) can he written as

uo~-t o > =

and the cptimal value of m can be obtained directly from a diagram
such as Figure 2. Tor a value of t = t. anda s = sé the farmer will
choose the combination of x and y given by point B. Suppose the
minimum return increases to sﬁh so that the fuaimer cannot satisfy
equation (5b). He must then either rcduce his return per acre to
the value implied by point A in Figure 2 or he must increase his
risk level to % and follow the polilcy implied by point D. If s
represents the minimum return: reqgquired for corvi-ral then the farmer
would have to follow the latter sltornative. He may then be forced
to gamble by growing a larper proportion ot the crop with the higher
expected return than he would have if 5 had assumed = somewhat lower

velue. Thus f{rowm Figure < we sec tuat the value of M, implied by

#% o

s (point D) is greater than |, imvlied by ¢ (point B) despite the
Lo

.‘.:. 4\:-

fact that 5 s

w

J. It is thus conceivable that extremely rich and
poor farmers will follow a similar cropping pattern but for entirely
different reascns. 'The rich farmer can afford to tolerate a higher
variance in return for gsreater expectcd benefits; the poor farmer
reguires a hipgher expected :eturn in order tc fezd his family and
thus 15 forced to increase the 'ick of not having enough to meet

his needs.

I N . . .
If the minimum required return is low enough then the farwer will

devote his entire land to the cvop with the highest eoxpected return.
Then nhis risk level may actuaily be lese than hic desired value

of « in which case (5b) becomes Fr{l < 5) < «. l!uncnever s is high enough

so that M, is cousirained to be Tess than its thecoreticsl maximum then
(5b) will®ve Pr(i < s5) = «.



c. Summary

On the basis of this theoretical discussion we can provide
a preliminary answer to the question - When will e farmer want
to diversify his land? Individuals vho desire a low risk level,
« , and/or require a high minimum return, s, will very likely want
to grov more than one crop siinultanconsly on their Jand. Their
actual decision will, of course, derend or. the relative means and
variances of .ie crops as w21l as the cor.elation coefricient of
the returns. For the two cron problem the rarmer will be most
interested in diversifica“ion ii the crop with the higher expected
return also has 2 higher variance and when the coefficient of
correlation betwesn X and Y 1s nepstive.

3. The Jute-Rice Planting DJecislon in Tust Pakivuoun
a. Setting the Scene

The theoreticul model discussed in the lest section has a
direct application to ®mast Fakisten where farmers
must decide how much of their lani sheuld be allocated to jute
and the aus variety of rice. Aus is sown between the middle of
February and the middle or Anril whilce jute is planted between
early liarch and early bay. Both crops are hurvested between
July lst and early October. Tieir choracteristics are such that,
in general, land, labor and eouipment ove rouaily interchangeable
between their cultivation. “Thers is come land suitable only for
growing rice or Jjute alene, but thesz avews wroe very small compared
to the land where a deeisicn must be made. For most farmers in

the Jute belt, the choice irs #hvs welveer cuitivation of the



stable food crop (rice) or a cash crop (jute) whose proceeds
can be utilized for purchasing consumpticn needs.

In East Pakistan Jute and rice are both predominantly grown
by farmers with limited holdings. Although the average size of
Jute grovers' plots is somevhat larger than the average of all
farmers' holdings, it rarely exceeds ten acres with 3 to O acres
being the most comuon si'z,e.2 Ve are thus dealingg with a problem
facing the subsistence former.

There nas been a surprisingly large number of studies by
economists dating from the 1U30's which have analyzed the changes
in jute acreage observed annualiy in India and Pakistan. I[lost
authors have suggested that the farsers’ deciaion on vhat propor-

tion of their land to plant with jute and rice in year t is largely

[¢1]

determined by the jute/rice price ratio in year t - 1, They have
provided statistical evidence tor this conveb-type behavior by

showving that there is a significant relationshin between last

lAlthough we will treat jute as a single variable there are actually
two varieties of the crop: WVhite jute grovg equelly well on high land
(normally no fleoding) or low land (subrject to tlooding), while tossa
Jute is grown only on nigh lend since it does not teolerate flooding. 1In
Tast Pakistan white jute normally accounts for 2/3 of the total production,
Tossa jute is normally of finer quality and therefore commands a higher
price than white jute but is subject 1o severe fluctuations in yield
due to weather variubility. 'Tne availavic statistical data does not
distinguish Dbetween the two varieties.

2 ) .o . s s

For a more detailed descripticn ot the economic characteristics
of those farmers who grow jute and rice sce Rabvani (17) and Economy
of Jute (27).
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year's price ratio and this year's relative acreage.l These
findings are interesting but they make the heroic assumption
that uncertainty witli respect to either the yields or the prices
of Jute and rice are not critical to o Tarmer's decision.

The mean-variance model of the previous section provides
an alternative way of looking at the provlem while still
recognizing the importance of last year's jute/rice price ratio.
If we assume that a farmer's croy: ;sroving decision is affected
by reserves on hard, then a relatively hign jute/rice price ratio
in year t - 1 vill provide lhe farmer with excess cash at the
beginning of year t. The empiricsl evidenece Lo be rresented in
tiis section sugrests that jubte lies a hijglier net return but also
a higher variance than rice. llence the farmer 1s likely to plant
a larger proportion of his land with Jute in year ¢ if the jute/
rice price retic was high irn t - l--the larrser buffer stock enables
him to incur greater risks in exchange for an increase in net
expected return. The reverse argument can be made if the jute/

rice price ratio iy low in year t - 1.

1 , . .
Two of the most recent papers on the subject are Hussain (7) and

Rabbani (17). Hussain uses regression wnalysis to test a simple model
where the proportion of land allocated to jute this year is a function
solely of last ycar's Jute/price ratio. Rabbani formulates the problem
in terms of distributed lapgs so that decreasing weiphts are given to
price ratios further back n tine., Howover, from his regrecsion results
he concludes Lhat 'the princionl determivnant of jute acreare in India
or Pakistan is the Jjute Uarmer’s expeeintic: of the relative price of
jute and rice that is luv o1 dDased on the preceding scasen's ratio of
the two." [ (17) p. 221]
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Developing a Model

Since most farmers in East Pakistan are at a subsistence
level their decision as to how they should divide their land
betwveen jute and rice is determined principally by a concern for
having enough to feed their families over the next year.l If
they decide to grow rice they can consume the crop directly and
hence must only worry about the varizbility of the rice yield over
time. On the other haud, if they plant jute then they must sell
the crop and use the procecds to purchase rice. In this case
they are affected not only bLy Jjute yield variation but a'so by
fluctuations in the selling yrice of jute and the retail price
of rice over tirwe. Given our concern witi: minimum consumption
requirements, rice will be treated as a numneralire pood and the
net return frow jute vill be converted into an squivalent yield
of rice. 'The following notation will enable us to structure

the analysis.

J = yield of jute per acre (in maunds)

r = yield of aus rice per acre (in maunds)

PJ = price per maund of jute at the grover's level
Pr = retail price of rice per maund

C = cost differcntial per acre of growing Jjute

rather than rice

1. . o . . .
Evidence on this point has been provided by Hussain (8).



Letting X and Y represent the net return from jute and rice

respectively, ve can define

X

n

(JPj - C)/P, (5)
Y=1r (1)

The random variable ¥ represents the net yield of jute in
terms of rice under the assumption that the entire proceeds of
jute are used to purchase rice. In reality the cash from some
of the jute may be used Tor othzr purpcses. For this portion of
the jute crop the harvest price cf rice would be the appropriate
divisor in ((). "There may bz a svbstantial difference between
the two prices;] howvever, since we hauve assumed that the minimum
consumption constraint is the critical fuctor affecting the crop-
growing decision it is anbropriate to use the retail price of
rice for conversion purposes.

Letting 2 = mX + (1 - m) Y the problem is converted into the
notation of the previcus section and the optimal value of m can
be determined eitl.er by thie oljective function specified by (3)
or the model defined by (5;.

To illustrate the analysis, data has been assembled on rice
yields and jute returns for the Faridpur district, one of the
largest jute-growings regions in Wast Pakistan. L[ the variables
of interest do not show any trund over time then one can estimate

the mean and variance using all the samplie data.
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For aus rice this criterion appears to be satisfied as seen
from Figure 3 where yiclds huvre been plotted from 1947-48 through

1969—70.l Ve can thus compute u  and Oy directly from the values
J
)

displayed in this diag;ram.C

The random varianle ¥ docs no%: presenit such a neat picture.
Although one oi its cowmponents, the return from jute (ij), has
not displayed any definite trend over time as scen from Figure b4,

the other variables have svecial vroblens associated with them.

Rice prices heave followed an eluost oomtiuvously upward trend since

1957 as shown in Figure 5 vhore aata has veen plotted on the
average retail price of vice oo Dacea and the internal procure-

ment price of coerse nilled =i .2 in the villapes., The standard
I £

deviation of eilthar sciices wvor™d ue meaningless unless the figures
were adjusted for trend.
An estimate of the cost differsntiazl, C, between growing

rice and jute also poses prcblems. T'e my knowledge the only

detailed figures currently available are froa a comprehensive

1 ; . . v

The crop year starts on July 1 ond “erminates or Junre 30. The
harvest months of a crop de-ermines the year for -thich lts estimates
refer.

2Recently efforts ha' . beeu nade to lLatroduaes new varieties of
rice into East Pakistan which vill rroduse zipniori-ontly higher average
yields. [Efferson (3) prn. 3-5! TFarmers asine mizse special Irri seeds
would not be able tc rely on the onaplior ficuwes 3 zuides Lo the mean
and variance of thc aus yield  lovever, tac czomnt or Irri aus grown
in 1969-70 for East PPakistan vas only 0.5 ot th wotal wus rice acreage.
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survey of 142 small farmers in the Phulpur area (a part of Mymensingh
district) taken during the 1969-70 season.” There the cost of
cultivating jute exceeds the cost of producing aus by an average
of 93 rupees per acre (172-79 rupees) but the difference may be
as low as 28 rupees (for very smell farms) and as high as 110 rupees
(for larger farms). llost of the cust discrepancy bLetween farms
lies on the labor side. Jute requires considerably more human
labor in its cultivution and harvest than rice does. Hence if the
family has surplus manpover asvailable the cost differential between
the two crops will be close to zero. If they are forced to hire
more workers for a2 short neriod of tinme then the value of C will
be quite high.

Given the avove data limitations, we will treat V= jPJ as
the randon component of ¥ with its mean M, and standard deviation
ov determined by the Tigures plotted in Figure L. Both Pr and C
will be point estimates based on Iatest uvailable figures so that

the relevant statistical mom:nts o1 X are

Wy = (UV - b)/l? and o, = ov / Pr

In summary, the model we bave postulated with respect to Jjute

and rice planting decisions assumes that the farmer uses time

series data to estimate the mean and var:ance of rice yields and

lIrshad Khan of the rakistan Tnstitute of D=velopment Iconomics was
kind enough to asszmble the cest fijnres for me. Surveys were also under-
taken in Demra in Dacca district and ‘Thakurgson in Dinajpur district but
these data have not yet been conpletzd. For a morc detailed description
of the general purpose ci *ais study and oveliminery findings see Khan (9).
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jute returns while relying on the most recent data to predict

next season's price of rice and the cost diffevential between Jute
end rice. The approach thus combines clemcuts of the mean-variance
analysis of portfolio theory with the cobweb models which have
been traditionally used to nredict tne allocution of land between
jute and rice.

Analyesis of the Data

Table I summarizes the statistical information for jute and

rice in the Faridpur district based on pubiished agricultural

data from 1947-48 through 19¢0-70.

Teble I
Juve (X) Rice (Y)
Number of cbservations 23 23
Sample mean (u) h9-C 8.1
P
r
Sample standard deviation (o) 12k 1.2k
P
r
Coefficient of correlation
between ¥ and Vv (p) 27
Coefficient o: Hiewn=28s (Yl) 1.0 .3k
Coefficient of Excess {yo) .84 .51
Chi-square val e (XQ) 4.19 2.36

(Significznce Level.) ( .24) ( .50)
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For a normal curve both the coefficient of skewness and the coefficient
of excess are zero., The volues of Yy and v, indicate that both X
and Y have some skewness and kurtosis; hovever, their chi-square
values are sufficiently low to warrant the conclusion that the samples
could have come from populations having a normal distribution.l Hence
only two parameters--mean and variance--are needed to determine the
optimel crop groving decision.2

Let us now turn to the actual decision. A farmer who follows
the minimax strategy implied by (3) will ullocate his land between
Jute and rice on the vasis of his risk level, =, On the other hand,
if model (5) depicts his behavior then beth s and = will influence
his actions. We will first examiune the case where the objective function
is given by (3) to see how the proportion of jute and rice grown
varies with the risk level. Tigure  shows how sensitive the decision
is to changes in the price of rice (Pr) assuming the average cost
differential of C = 93. According to a recent surrey of rice prices
in East Pakistan during 1570, [Efferson (3)], farmers in villages

vere paying anywhere from 35 to L0 rupees per maund for rice3 SO

1 . .
In making the chi-square test we chose six intervals of equal length
for both X and Y.

2 PP . .
We are implicitly assuming that there is no autocorrelation in either
X or Y. The time series plots of Fipures 3 and L support this point.

3This range is still below the average retail pric~ of 43.83 rupees
per maund in the Dacca market during 1909-70. The reduced village price
may be explained by lowver transportation costs end perhaps discounts to
farmers for bulk purchases.
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that Pr takes on values of 35, 37.5 and 40 in Figure 6. We see that
the farmer's decision on how much jute to plant is very sensitive to
his estimate of the retail price of rice. Consider the case wvhere

« = 20 ., If Pr = 140 he will plant only four per cent of his land
with jute while if Pr falls to 3% the nercentage of land devoted to
jute will rise to 21..

The same type of analysis for variations in the value of C is
presented in Figure T assuming = price of rice equel to 37.5. The
three values of C represent a minimum, averape ond maximum cost dif-
ferential for individual farwers in tue Phulpur arcea. The proportion
of jute planted is quite sensitive to the cost difterential between
cultivating aund harvesting the two crops. Tor example, at a risk level
of « = .10 tie rroportion of luond devoted to juce increases from 67
to 31% as the valuc of C decreases (row 110 to 20 rupeec per acre.

The implications of a minimum return constraint, s, are shown
graphically in Figure 8. Here tue wroportion of land devoted to jute
is plotted as a function of s for four different risk levels when
Pr = 37.5 and C = 93. The crop groving decision is quite sensitive to
changes in the minimum return. For example, if s = $.0 and « = .05
then the farmer would plant approximately 20% of his land with jute;
for the same risk level but a value of s = 5.5 he would increase the
proportion of his land devoted to jute tc L., TFigure 8 also shows
when the minimum return constraint cannot be satisfied. Specifically
if the farmer wants Lis risi level to be = = .05 then he vwill not be
able to set 3 > G.1l. At the oither extreme 1f = = .05 then a value of
s < 3.2 will permit the faimer o plant only jute and hence maximize

his expected return while stI1ll satisfying the minimum return constraint

given by (5b).
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Aside from the preliminary results of the Small Farmer's Survey
described by Khan (9) little data is available on individual farmer
behavior in East Pakistan so it is difficult L. compare th2 actual
cropping pattern with the values inplied by iipuras G through 8.

However, a crude test of the model can be mude using aggregate data.
In Table II wve have ranked the 1L orincipal jute proving districts
in East Pakistan on the basis of the arerage percenture of area devoted
. T . R S, .

to jute over the years 19065-GG through 1969-T00  Ii uncertainty plays
a role in farmers' crop groving decicions then some measure which
incorporates the variaice and corrvelation betveen rice and jute would
rank these districis more accurately than o reasure based selely on
the difference iu expecied rotwns. He huve seer rrow (4) that the
farmer wil) plant Lis entire lan. with jute only 1 t = (uv—uy)/(ox—poy)
> ¢, The larger tne value of t tnhe larser the pronortiorn of land the

K3 . . . < .}:‘
farmer will devote to jute at any ,-iven risk level = . The value t
thus indicates the effeci of exnecterd retnrn and varianrce on the
farmer's decision. We have ranked cach ol the districts with respect

%
to this ratio in Table I¥, tie reglon naring the highest value of t
being ranked nuwnber one. The rank correlation bhatween the actual
3

percentages and the predictions bas<e! on t iz Kk = .851, significant

at the .0001 level. If these districts are ranked solely on the basis

of differences in expected return then R = ,318, o« value not significantly

IWe have iqqluded all districts where the average jute acreage between
the years 1965-66 and 1969-70 has been over 50,000.
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Table II

Ranking of Principal Jute Growing Districts in

East

Kishoregzan,j

Daceca

Faridpur

Jyrensingh

Comilia
Rangpur
Bogro
Pabna

Dinajpur

Pakistan by Average Percentage of Aus-Jute ILand

Devoted to Jute

Averapge b
Actu (&) tx b = m} ) (b)
Porecrunre  Raok = 5 Rank B, - Rank
RS O~ 0oy x© Yy

Wi, o 1 0.99 2 1.29

0.83 I 2.05

1.05 3.11

w = U1 W

5 I 0.8h 2.36

0.82 2.1

0.56 1.61

~N O O W =

1.74
2.84
10 0.82 11
1.48 8

0.74

N oY N

0.82

(o7}

21.0

Y
n
(@)
O O N O Ui

0.41
0.62 8

20.8

Jesgore 19.8 10
Rajshahi 18.1 11 0.37 11 0.93 1.0
%
Rank corrclation between Actual and R = .851
Rank correlation between Apgtual and My My R = ,375
Sourcc:  (a) Durcesw of Acvienltural Statisiics, Government of

et DPekision.

. - . Vo -
using doato Jrom 194(=T0
C.

“t")" = 3'{’.9 o

T renizin g are independent oo the volue of

Dooed o



different from zero at the .20 level.l It is interesting to note
* .
that t provides an accurate ranking despite the simplifying assumptions
of identical prices, costs and the samc population density for all
2
districts.

Aggregate data 1s also available from the last agricultural
census (1960) on the relationship between jute acreage and size of
farm in EBast Pakistan. Iarms uader 5.5 acres devoted 16.0 per cent
of their auc-jute land to jute while those farms with more than 2.5
acres planted jute on cilly 15.2 per cent of their land.3 This result
suggests that peorer farmers .y have Lo amble s0 that they have
enough to feed iLheir fauilies tor another season. Uther factors may
play a rocle in this decicion. If tie furmer needed cash for other
purposes such ac revayirp old axbts, then tl.e harvest price rather
than the retail price would be the rocerart figure to use. During
1969~70 the pric= of auz puddy warf avout 20 rupees per maund while
coarse milled rice was market~d at shont 3¢ rupees. Lither of these
prices would lcad to a higher rropovtion of jute ¢rown than 1if the

retail price of rice was used. OSmall farms are also likely to have

1 . . .. a4 :

A t-test wvas used to specify th=a significance of the rank correlation
coefficient. 1If ® is the rank correlation coe”ticient from a sample of size

n and the hypothesis is correct that the population rank correlation coeffi-
2. 11/8

-R“]

cient is zero then t = [ (n-2)/(1 conlorms Lo the t© - distribution

with n-" degrees of freedom.

2 . e .
The mean-variance model suppests that i1 other factors remain the

same, the percentage ot jute 1and declines as its population density increases.
Published data is not availeble o gnte-nus Land densities by district, so

3
see (31) Tables 2h and 20. The above Jjuic percentuges ure lower than those
presented in Table 1T »ecauss tiey ar: based on all the districts in East
Pakistan.

this hypothesic could now b2 tested ~mmivically .
For more detailed ripures on .o juie and rice acreage in Last Pakistan
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surplus labor so that the cost differential, C, would be lower and
henice encourage peasants to grov nore jute.
d. Policy Implications

The analysis presented in the paper sheds some light on the effect
of population growth on crop growing decisions. In East Pakistan this
is a particularly pressing vroblem as the ropulation has increased
by almost 50/ in the past 20 years.l Upecifically a decrease in an
individual farmer's land holdings requires him to increase his required
minimum return per acre vy 3 proportionate amownt. Hence he will want
to .grow more of the low variance crop, sacrificing some expected
return for greater securitfy.

Some form of ruaranteed rovernment support when there is a bad
year may ensble the farmer to incresse tuce expected return from his

a.

land. OSuppose he has A acres available for jute or aus rice and is

¥z

willing to plant mA with jute and (1-m)A with rice. If the government
provides him with a ruarantes of ! maunds of rice whenever the per
. . . 0 - . *
acre jute return is below a critical level then he will plant m A
acres of jute where m <m < 1. 1If the farmer vants to receive at
least the same net expected return from his land as before, he will
be prepared *to pay an annual insurance premium of up to
* .
(m - m) (Uy - uy)PrA rupees for this government guarantee.
To illustrate the implicetions of such a crop insurance program,
suppose that under the currsnt system a farmer from Faridpur with A

acres requires a nininmum return of s = 6.0 at a risk level « = .05,

Figure 8 indicatzs thet if ¢ = 93 and I = 37.5 he will plant

lThe Palristan Tentral Ctatistical Office estimztes that the population
of FEast Pakistan has increased from 42 mitlion in 1951 vo 61 million in 1970.
See (30), p. 2.



twenty percent of his land with jute. Suppose the government offers

a guarantee of :. maunds of rice per family whenever there is a bad jute
year - The farmer may then revise his required minimum return to s = 5.5
and increase his risk level to « = .1(. Looking at Figure 8 we see
that the proportion of jute he grows will increase to m* = .65 and

the farmer will be prepared to pay up to (.65 - .20)(38.7 - 8.1) 37.54 =
101.25A rupees per year for this gusrantec.

Such a crop insurance system would not oniy make a great deal of
sense to the iandividual farmer Lut also te the netion if jute has a
comparative advantage over rice. Upacifically ir the foreign exchange
received from an acre oi Ju.2 1ore than cffsets “he cost of importing
an acre's werth of aus rice then Pakistan should nrovide incentives
for farmers to grow mor: jute. Such 2 trude cosporison is made in
Table III. The fifures For tr: aus rice auo ute crons are based on
the average yield for Pact Pakistarn curin; the 1G69-70 season. Coarse
rice of a somewhat higher quality tuan thei gvovn in Last Pekistan is
currently selling f.o.b. Bonghkel ot about $3.00 ner maund so we have
used a figure of Hb.CO per mavn.d as on coeimate ol the delivered price
in East Pakistan. During the 1969-70 season the sverage price of
raw jute f.o.b. at Dacca was 3G .0 . With the hipghew yields of jute
over rice and its comparativz price advantage thc benelits of devoting
more land to jute are obvious. For cacl. acre cf rice land transferred
to jute Table III shows that the net foi=z'pn erchonge earnings will
be more than $95.

Several qualifying remars are in order. UWe have implicitly
assumed that the increase in the supply »f Jute >r the demand for

rice would not afiz2ct the wecild marhat Drice of elfher commodity.
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Table IiI

Foreign Exchange Advantage of Growing Jute Rather than
Aus Ricc in Last Pakistan

(1959-70)
Jute " Aus Rice
Yield per Acre (in launds)? 14,15 9.40
b
World Price (per maund) $  9.40 $ ), 00°
Dollars per acre $ 133.00 437,60
Net Forcirn Gxchange Ezrnings
per Aere of Jutc $  95.40
Sources:
(a) Bureau of Agricultural Statistics (26)

(b) Monthly TForcign Trade Statistics of Pakistan, (28)

(¢) Tfferson (3)
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It is hard to quibble with this assumption for rice since East Pakistan
in 1970 purchased much less than one per cent of the supply of the

crop on the world marketl so that even doubling their demand would

have an insignificant effect on the world price. For jute we are on
somewhat shakier grounds since East Pakistan produces about 30% of the
total world supply of this fiber.2 Hence a significant increase in

Jute acreage may have some effect on the world price for the commodity
but not enough to tip the foreign exchange scales in the other direction.
Our comparison has &lso not incorporated the costs of imported inputs

for growing aus rice and jute. Now that Pakistan produces its own

fertilizer this assumption appearc reasonable since the only input

which has to be irported is pesticides. Knan (9) found that only 8%
of all land grovwing traditicnal aus was sprayed with pesticides in
the Phulpur area and has estimated that even a smaller percentege of
Jute land was protected by these sprays.

Why doesn't the farmer plant more of his land with jute given
the impressive foreign exchange advantage cf this crop over rice?
The most important reason is the substantial difference between the
world price and grower's price of jute and the very small difference
with respect to the relevant price of rice. If we utilize the conser-

vative rate of 10 rupees to tie dollar then in 1969-70 jute was selling

1In 1970 East Pakistan purchased 517,000 tons of rice of which 380,000
vere shipped from West Pakistan and the remazining vortion came from other
countries. Between 6.5 to 7.5 million tons of rice moved on the world

merket during 1970.

®In 1968-69 Pakistan produced 57.54 lakh bales which was 29% of total
world production. [See (32) p. 6].



at an average world price of 94 rupees per maund.l At the same 10:1
conversion rate the world market price of rice was 40 rupees per maund,
only slightly higher than the price which farmersS- paid for rice
at village markets during 1969-70. Another factor relates to the
cost differential between growing jute and rice. The comparison in
Table III is based solely on the revenuc side of the equation. If
Jute is a more expensive crop to plant and harvest the farmer may limit
the amount of land devoted to it. This factor will be particularly
significant if he is forced to hire workers to harvest jute and has
only limited sources of funds and/or credit which can be used to
pay them.

The conflict between individual security and national welfare
is illustrated most dramatically by the crop growing decisions
for the current 1971-72 season. The disturbances in East Pakisten
which coincided with the months of planting has increased not only
the uncertainty of the harvest prices of jute and rice but also the
possibility of trading goods in an organized market due to the dis-
ruption of transportation facilities. Farmers understandably feel
that it is far better for them to plant almost their entire acreage
with rice and vegetables so that they can feed their family without

having to market a cash crop.2 Since the price of rice has been

lThe official exchange rate is 4.76 rupees to the U.S. dollar. Winston
(2k) suggests that one dollar may command as much as 15 rupees in which case
the difference between the grower's receipt and the world market price be-
comes even more exlreme.

2Now that relatives from urban areas are residing in the country, there
are even more mouths to feed in the coming months and the subsistence con-
straint becomes even more critical to the farmer. See (34).
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estimated to have increased by 50% during April, [See (36)], this
would then reinforce his decision in favor of rice. In more formal
terms, if the farmer perceives an increase in o due to structural
changes in nis external environment then it is optimal for him to
set, m very close to zern,

Few hard facts are currently available on actual farmers' decisions

this spring. A recent report in The Hconomist (34) makes the point

that Sheikh Mujibur Rahman has urged farmers to plant only aus rice
this season, but the article does nov speculate on what has actually
been done. A revort in one of the Calcutta newspapers (33) claims

or.ly 30/ of normal and that

U

that jute sowings in Bast Pakistan ar

(i

there is great doubl as to whether the crop will eventually be harvested.
The loug-run economic conseqguences ror iast Pekistan of farmers
not grovirg much Jute this season could be profound. In recent years
synthetic materials such as polyrropyiene have hecome increasingly
popular as substitutes for burlap (jute) as 2 packaging material.l
Although polypropylene is more durable, attractive and cheaper to
produce than jute, it does require o substantial changeover cost in
capital equipment on the part of firms who decide to switch over to it.
Many compznies hazve been relictant to incur these very high fixed
costs and henece have continued to purchase jute for their needs.
Uncertainty as to the future of jute due to the recent conflict in
East Pakistan may lead a number of these firms to reconsider this

decision. If they ins*toll the new wvauipment, it will be unlikely

1 . . . ‘s .
For a more detailed discussion of the competition between jute and
the synthetics as a packaging material in the U.5. see (35).
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for them to return to jute again even if its price and supply stabilizes.
Thus we see that a short-run crisis faciug individual farmers may

: Cia o Jute
produce an even more serious long-run crisis for the industry and the

nation.

Extensions of the Analysis

The mean~variance model sheds light on why farmers have planted only
a small amount of acreage with new varieties of seeds when they first
come on the market. Even if the farmers believe that these seeds will
yield a high expected return their estimatle of its variance may also be
very large. It thus umakes very pood sense for them to plant only a few
acres of their land with this nev variety at first. If the yields are
high anc relatively stavle from one season to the next then farmers will

reduce their estimate of thke variance and hence increase the acreage

~

devoted to the new seed. Come form of crop insurance similar to the one
described above should lead to more rapid adopticn rates since variance
will no longer be so critical to the farmer.

Conceptually it is relatively straightforwvard tc extend the model
to more than two crops. As before, diversification becomes a meaningful

~

policy if there is a neputive or low correlation betwveen competing crops

and their means and variances do not differ significantly. When the farmer

is concerncd with a minimum return from his cror then modei (5) can be

lThere is an interesting parasllel bvetween the jute situation in East
Pakistan and thc cotton situation in the southern United States. After
the treedom rides and labor disturbances durinz the summer of 19€k4, land-
holders decided to use herbicides rather than relving on uncertain
labor. For a more detailed discussiou see Gotscn (Ga) -

s o A e . S
Similarly capital investrent in irrigation nrojects can be pushed
by detailing the benefits <f 2 reduction in yiel:«d variance through a
guaranteed source of water.
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generalized to n crops as

n
max 'Z miui (8)
i=1
subject to
n n n 1/2
m,w, -t [ I I momy Py 0,0y I <s (9)
i=1 i=1 j=1
n
I om =1 (10)
i=1

where pij represents the correlation between crops i and j.

Other constraints could also be incorporated into the model. If
there was a maximuy aumownt of labour lLours, L, the farmer had available
for use on his A acres of land during any month of the season and each

. . k - o . . . ‘o
crop 1 required li univs of man hours in meonth k then for this specific
month k the constraint would ta:e the form

n
z m Lo < L/a (11)
i=l

Equation (11) would be particularly important for farmers who had to

rely almost entirely on family labor for planting and harvesting crops.

If the uncertainty constraints are in a form similar to (9), this
more general model can be solved by using non-linear programming techni-
ques. It is then theoretically possible although perhaps computationally
difficult to determine the imputed value of increasing the risk level «
and increasing the available labor in month k. In the context of a cer-

tainty model Gotsch (6) has used o linear programuing format



27 -

to examine agricultural problems in West Pakistan. Given land and
labor constraints he has showit. that the shadow price of labor is positive
during planting and harvesting times and zero during other months of the
year. One reason for multiple cropping within the same season may be
due to this labor constraint at certain critical times.

Other complicating factors may effect o farmer's planting decisions.
There may be economies of scale associated with growing a particular crop
both from the purchase side (c.g. quuantity discounts on seed) as well
as from the planting and harvesting side (e.g. decreasing labor cost per
acre). The farmer will then either wvant to plant a large number of acres
of that crop or none at all. Similerly iy there are fixed costs associated
with growing each crop then the farmer must plant a minimum number of acres
before the crop becomes profitable to him  Vle have also not considered
problems associated with switching from crop i in year t-1l to crop J in
year t. If these adjustment costs zie relatively high then stable cropping
patterns over time muy e optimal despite changes in expected returns and
variances. Finally we have assumed that all Jand is homogeneous. Variations
in the quality of land betweern farmers and/or regions would result in dif-
ferent cropping patteras.

More empirical research is thersfore needed to determine the accuracy
and limitations of the simple mean-variance model in analyzing farms' crop-

growing decisions.
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