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1 
Crop Growing Decisions

and 	FarmersRisk-Taking 


by
 

Howard Kunre lther 

1. 	Introduction
 

Recently there h.s been a growing interest by economists in 
the role
 

uncertainty plays with respect 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
 

"tellor (l4) hos indicated that seasonal fluctuations in prices
of returns. 


a cash crop

may lead a farmer z.o plant a subsistence crop rather than 

which would purchase grain on the marke,;. Falcon (4) and Lipton (10) 

(11) argue that the. variance in prices and yields play a key role 
in sub­

sistence farmers' planting decisions. Lipton makes the interesting point
 

seeks survival algorithm:_- rather than maxi­that the optiwrizing peasart 


this c-ntenti fn with empirical evidence from

mizing ones and supports 

seven months field observations in a small Indian villas> .
 

This paper deals with the farmer'.': crop growing decision at the 

beginning of a particular- seas rn. Spccificolly we will demonstrate that 

risk and uncertainty can !jAstifydiversification even if land is homogeneous."' 

analysis will be espzcia.ly relcvant 	 foc the subsistence farmer whose
The 


st 'oyly influenced by a co,:!ern for having a

cropping pattern will bc 


his lend to feed his family. However, the basic

large enough return-.. from 

1 This paper was written while I was 	 a research advisor at the Pakistan 

the University Pakistan Project.
Institute of Development Ciconomic, unlder Yale 


would like to e.pres, my appreci.,fion to my colleagues at PIDE and the
 

commu!nts and suggestions during the

Ford Foundation for the-:. valuable 

ideas were bAng sown and were maturing. Special thanks goes
period when these 
to 	 'Zy research assistant, 1.1ohammad Ilyas, for his computational assistance. 

I 
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model can be utilized in structuring a much brcader ran-,ge of problems.
 

The problem discussed here will be couched in terms of a farmer who must
 

decide at the beginning of a particular season what proportion of his homo­

geneous land will be allocated to each of two crops. Variance will be used
 

as the sole measure of uncertainty. In this sense the modcl can be viewed
 

as an extension of mnean-variance analysis for specifying optimal portfolios.
 

[See Tobin (20) and ilarkouitz (12), (3-3)] 1 ie have purposely restricted the 

analysis to the two vriable case in order to simpi.fy the theoretical ex­

position and to relate tne results to the jute-rice growing decision facing 

farmers in East Pakistan. But the g-eneral conclusions to be discussed in 

the final portion of the paper also hold for the sulti-variute problem. 2 

2. A Mean-Variance Dec.sion iiodel for the Farmer 

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

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

random variable J with mean u. and variance a..
 
J 11 

iWithin the past two years there has Leen a controlcrs.y in the literature 
as to whether mean-variance analysis adequately describes decision makers' 
behavior. [See Borth (1), Fe!J]tein (5), Tobin (21) r2,nd Sumulson (19)]. 
In order to sidestep this rr.n,tbematical debate we w-ll argai.e that decision 
makers have a difficult time ass >f]ltirig lu de smounts of information. 
Consequently, we wil] assume that they base their ,.ct.nc on the first two 
moments of the probability dlistributicn. In the -'?.iLiCJ,] s','ction of the 
paper we will show that each of the variables of icwiurest can be approximated 
by a normal distributon vhich sas;isfie, te s'!thcmntical rnaquiremcnts for 
using only the mean and v-rjanc to c eter mine alloc-ation c -cisions under 
uncertainty. 

2 After completing an 
Nowshirvani (15a) whicli discussrcF, the swame ].nd dloLion problem but under 
some rather restric;f.ve assus.tio STecilicl,,, hi.'veni determines 
the optimum proportion o. land ullo ted to each c'o,) if the I.._rmer's utility 
function is quadratic, prices am' ,ids :.rc independently distributed and 
the farmer is not permitted to consnume more than hi' miniimm food requirements. 
The models to be developed her'e intruduce risk t.rcu ,iprobabilistic con­
straints rather than by an a:xplici_ utility functicn, te net return from 
the two crops in any one y:ar can be positively or negatively correlated and 
the farmer is all owed to consumse ,iore thai hi:, iinimim requirements. 

-his paper T cLme aroscinteresting study by 

http:restric;f.ve
http:simpi.fy


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 

Z = MX + (1-m) Y 

2 
o, and variance o2

with mean 

We will first treat the case where wx viy to see hov. the coefficient 

of correlation (p) between X and Y deternines the proportion of land 

allocated to each crop. The more interesting case where both the expected 

differ rill then be analyzed:returns and variances of the two crons 

a. 	 Miinimizing the Variance 

When px = Py then the farmer who is a risk averter wants to find 

the value of in which iniririzes c Z where 

2 2 2 2 2 

z = ax (i-1) y pro(l-m) x ym + (- a + 2 a a (1) 

0 < M < 

-i < p < 

Setting da 2 / dm2 = 0 in (1) we obtain the following simpleZ 

expression for the value in which minimizes variance 
w
* 

M 	= (1 - pw)/(! - 2pw + w ) (2) 

where w = / ax y 

Since 0 < in < 1 the following boundary solutions are found 

directly from (2): 

m 	 = 1 if w < P 

't
 

m 	 = 0 if w > l/P 

Given p there 'Till thus be a range of values for w where the farmer 

will want to grow crops x -and y, as seen graphically in Figure 1. 



p 

0 In 



Specifically if p < w < 1/p (the non-shaded area in the diagram) 

then the fari::er will want to cultivate some land (perhaps very 

little) with the high variance crop. Only when the ratio o / oy 

is sufficiently higih or lo,. to counteract the less than perfect 

correlation between the return from the two crops will the farmer 

prefer not to diversify 
at all.1
 

b. 	 Differences in Expected Beturns 

The proolem. bucomes more interesting and relevant if *the-crops 

as variances. Every value
have different e*x:cted returns as well 

of m then implic a ser'ific ioint in the z'. *z plane and all 

feasible Doints taken tojether for.ft an opportunity locus illustrated 

in F'i±ure 	 ?). If the peasant had unlimited reservesby the curve OL 

at his disposal and wanted to ,naximize long-run expected profits 

devote his entire land to the crop with the highestthen he would 

no r.gtter w:iat the sanpe of the opportunityexpected net return 

locus . But most farmers are not in this enviable position and 

To see
short-run considerations may lead them to diversify. 

this in nore concrete terms, let us postulate that the optimal 

value of m is chosen so as to maximize the return per unit of land 

at a point t standard deviations from the mean. In other words 

the objective function becomes 

max l- toz 	 (3)
 

1The risk-lover, on the other mind, will never want to diversify when 1xi 

1y since Oz2 is maximized at the extreme values of m. His decision rule 
' 
= 0 if ox 	< GY, m = 1 if ax > oy and indifference between
will thus be M* 


planting only x or y if ox = ay,
 



mn or u, 

SC 

:1 ur 
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with the value of t used as a proxy for the risk level 

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 minimumi return at a given risk 

stocks and/or suT-lem- ntarylevel.2 Farmers who have large reserve 

income from sources outside of their own land will most likely 

subsistence farmers who dependchoose a lower value of t than 

income.almost entirely on the return from their land for their 

To determine the optimal value of m- which satisfies (3) 

we need only construct a set of indifference lines in Figure 2 

of the form z - to . The farmer would like to be on the highest 

that still touches the opportunity locus, OL.indifference line 

As t becomes smaller th indifference line becomes more hori­
.1.
 

zontal and m will be determined primarily by expected return con­

indifferenbesiderations. Conversely as t increases, so that the 

lines become steeper, the proportion of laid devoted to each crop 

component,will be determined primarily by the variance a Z 

Ilf Z is distriouted as a normal variate then a risk level = .05 

There would thus be a 5/ chance that thewould correspond to t = 1.645. 

acre would fall below Z- to zunits.return per 

2 This criteria is analogous to the one which Ratna (18) has found 

India. He used to be satisfactory in describing land use patterns in 


to examine farmers' a game theoretic approach mocleled after Davenport (2) 

crop growing decisions in six districts of the country. 
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Suppose a specific risk level-, corresponds to t 

standard deviations from ljz. Then the farmer will maximize 

{Vz - tl1z} at point A in Figure 2 and will. grow both crops 

x and y. For this example the far'er would want to grow only 

crop x if the sloi)e of the indiffurernce line, t , is less than or 

equal to the slope of OL at m = 1 (Cenotedby t where
 

t dzI/ duI1 (x-py )/(ox-pOy) (4)1 
z --- x yfn~l 

The objective function Lgiven by (3) ,ill not be appropriate 

for describing the crop-groiing (lerisions of a subsistence farmer 

whose chief concern is c~e .ng a return of at least s per unit 

of land with a certain pro")nbilxtv. Th value of s will be 

determined by coinsumpt-iIc: ri 1,i:3,r:serves on hand at the time of 

planting and expected sourios e "_nr-coe -ther than from the crops in 

question. His objective might then be to 

max (1,z) (5a) 

subject to (5) 

Probability (Z < s) < (5b) 

dpz dpz dm - y
 
z z _ _Y
 

do do / din m 2 - (lis) o 2 + p(l-2m) a a z z x, y x y 

2 o 21
 x + (.-m) y + 2p(l-m)maa /2 

do a - PC 
lx y


m=l
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1 

where - is again a measure of the risk le':el. If t is used as a 

proxy for - then (5b) can be written as 

WZ -- , .,> S 
z 1 

and the optimal value of m can be obtained directly from a diagram
 

such as Figure 2. For a value of t = t and s = s the farmer will 

choose the combination of .:and v given by point B. Suppose the 

minimum return increases to s so zhat the farnmer cannot satisfy 

equation (5b). lie must then either reduce hi.s return per acre to 

the value implied by point A in Figure 2 or he nust increase his 

risk level to find follow ihe Ipol:-cy implied by point D. If s 

represents the minimumi return req3uired for su.rvi-al then the farmer 

would have to follow the Latter nltrnative. H;- may then be forced 

to gamble by growing a larger proportion ,f the crop with the higher 

expected return thani he would ha,Ve if s h'd assued a somewhat lower 

r:aht
value. Thus from Figure L we t:en tiie va.lue of )z implied by 

s (point D) is greater thati irn'iied by c (point B) despite the 

fact that s > S It is th'us conceivable that extremely rich and 

poor farmers will follow a sii.ar- ,ropping pattern but for entirely 

different reasons. The rich farm.er can afford to 'olerate a higher 

variance in return for greater expected benefits; the poor farmer 

requires a higher e::pected :eburn in order to fc~d his family and 

thus is forced to increase the v-i k of not having enough to meet 

his needs. 

If the minimum required return is low enough then the farmer will
 

devote his entire land to the crop with the highest. expected return. 
Then his risk level may actutaLly 1,, . -h-,n iJis des.red value 

of - in which case (5b) becomes <r( - ~. UWhnever s is high enough 
so that p is constrained to be 2'e:A Vcm .ts theoretical maximum then 
(5b) willZbe Pr(Z < S) = -1 



c. Summary 

On the basis of this theoretical discussion we can provide 

a preliminary answer to the questioL - 14hen will a farmer want 

to diversify his land? Individuals who desire ,)low risk level, 

and/or require a high minimum return, s, will very likely want 

to grow more than one crop slnultaneoiuly on their 2and. Their 

actual decision will, of cours2, de,:end oi- tle relative means and 

variances of Ile crops as . i-..JlasC.11 cor, e] u.ion coefficient of 

the returns. For Ghe two crc problem thc iarnmr will be most 

interested in diversificatiou if the c'.op with the higher expected 

return also has e higher varl ince and when the coefficient of 

correlation between X nnc Y i: .ceL tiVo. 

3. The Jute-Rice Plltin ,ecisioll in 'o st PUki,-'.un 

a. Setting the Scene 

The theoreticl model di:;cussed in the last section has a 

direct application to East P,,istrn where farmers 

must decide how much of their lani should 11e allocated to jute 

and the aus variety of ri.ce. Aus is sown b teen the middle of 

February and the middle of Aril whil jut i planted between 

early iarch and early May. Both erop. are harvested between 

July 1st and early October. TFieir t ar such that, 

in general, land, labor and e~quipw.cnz rer __Wd interchangeable 

between their cultivation. There i. -­,.ni.l 'Lmd suitable only for 

growing rice or jute alone, but t.hs a'co ';.ru very small compared 

to the land wher,- a dcci]sicn rv-rs it made. For most farmers in 

the jute belt, the choice .i-t.=s etLieen cu.tivation of the 



stable food crop (rice) or a cash crop (jute) whose proceeds
 

can be utilized for purchasing consumption needs.1
 

In East Pakistan jute and rice are both predominantly grown
 

by farmers with limited holings. Aithough the average size of
 

jute growers' plots is somewhat larrer than the average of all 

farmers' holdings, it rarely exceeds ten acres with 3 to 6 acres
 

being the most cormnon size. 2 ie are thus dealing with a problem 

facing the subsistence farmer.
 

There has been a surprisingly larae number of studies by 

economists datinq from the 1030's which have analyzed the changes 

in jute acreage observed annually in India and Pakistan. Most
 

authors have sugge ted that the far:ers' decinion on what propor­

tion of their land to plant w.ith jute anu,rice in year t is largely 

determined by the jute/rice price ratio in year t - 1. They have
 

provided statistical evidence for this conweb-type behavior by
 

showing that there is a significant relatiorship between last
 

iAlthough we will treat jute as a single variable there ate actually 
two varieties of the crop: Phite jute grows equally well on high land 
(normally no floodinE) or low land (subject to floodiing), while tossa 
jute is grown only on high land since it does not tolerate flooding. In 
East Pakistan white jute normally account: for 2/ of the total production. 
Tossa jute is normally of finer qua!.t; and therefore commands a higher 
price thar white jute but is subject to severe fl.uctuations in yield 
due to weather variability. Tne nva aue statistical data does not 
distinguish between the two vrieties. 

2For a more detailed descripticn of the economic characteristics
 
of those farmers who grow jute and rice see Tabbani (17) and Economv
 
of Jute (27).
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year's price ratio and this year's relative acreage. These
 

findings are interesting but they make the heroic asstumption 

that uncertainty witl respect to either the yields or the prices 

of jute and rice are not critical to a farmer's decision. 

The mean-variance model of the previous section provides 

an alternative way of looking at the prodlem while still 

recognizing the importance of last year's jute/rice price ratio. 

If we assume that a farmer's crop, jroing decision is affected 

by reserves on hard, then a relatively high jute/rice price ratio 

in year t - 1 will provide the farmer Mith excess cash at the 

beginning of year t. Thu empirical evidence to be Presented in 

this section suggests tiiat jute Las a hither net return but also 

a higher varionce than rice. Hence the farmer is likely to plant 

a larger :roportion of his land with jute in year t if the jute/ 

rice price ratio was hiqh in t - -- the larLer 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 is low in year t - I. 

Two of the most recent papers on the subject are Hussain (7) and 
Rabbani (17). Hussain uses regression analysis to test a simple model 
where the proportion of land allocated to jute this year is a function 
solely of last year's jute!prire ratio. Rabbani formulates the problem 
in terms of distributed lags so that decreasing weints are given to 
price ratios further back r: time. lowever, from his regression results 
he concludes that "the princi all. dt-rminant of jute acreage in India 
or Pakistan is the jute ruer; e:: ruerthntio of the relative price of 
jute and rice that is Wryly Oaued en he preceding season's ratio of 
the two." [ (17) p. 221] 



b. Developing a Model
 

Since most farmers in East Pakistan are at a subsistence 

level their decision as to how they should divide their land 

between jute and rice is determined principally by a concern for 
1 

having enough to feed their fam.iilies over the next year. If 

they decide to -,row rice they can consume the crop directly and 

hence must only worry about the variability of the rice yield over 

time. On the other haiid, if they plant jute then they must sell 

the crop and use toe proceeds to purchase rice. In this case 

they are affected not only b y jute yield variation but ,.so by 

pricefluctuations in tle selling ],rice of jute and the retail 


of rice over tiiie. Given our concern witlh minimum consumption
 

requirements, rice will h--e treated as a numeraire g-ood and the 

net return fro::-. jute will be converted into an equivalent yield 

of rice. The followinjl notation uill enable us to structure 

the analysis.
 

j = yield of jute per acre (in maunds)
 

r = yield of aus rice per acre (i, maunds)
 

PJ = price per maund of juTe at the grower's level
 

P = 	retail price of rice per maund
 r 

C = 	 cost differential per acre of growing jute 
rather than rice 

iEvidence on this point has been provided by lussain (8).
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Letting X and Y represent the net return from jute and rice
 

respectively, we can define
 

X= (jP. - C)/P r () 

Y r (7) 

The random variable X 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 for otincr purposes. For this portion of 

the jute crop the harvest price of rice would be the appropriate 

divisor in (6). There may i-,e a si'bstantial difference between 

the two prices; however, sine we i:uve osssuned tlat the minimum 

consumption constraint is the critical factor affecting the crop­

growing decision it is appror.i--i.ate to use the retail price of 

rice for conversion purposes.
 

Letting Z " mX + (1 - m) Y the problem i-s converted into the 

notation of the previous section and the optimal value of m can 

be determined either by the objective 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-growing regions in East Pakistan. if the variables 

of interest do not show any tri,.nd over time then one can estimate 

the mean and variance using all the sample data. 



For aus rice this criterion appears to be satisfied as seen
 

from Figure 3 where yields hur.'e been plotted from 1947-48 through 

1969-70.1 We can thus c:ompute .i find u directly from the values 
y 

displayed in this dia. 

The random variaoie X docs not present such a neat picture. 

Although one of its components, the retuxn from jute (jP.), has 

not displayed any definite trend ovcr Lime as seen from Figure 4, 

spcra! 1Si;z . them.the other variables have mrz, associatd Tith 

Rice prices nave followed an ostward trend since 

1957 as shown in Firunre 5 whiwre :auta 'i.s 2 otted on thle 

average retail pri-e or, LDacca and t!he internal procure­

ment price of coerse mil]ied ri -2 iO tin viillages . The standard 

deviation of either scr!cs woi:d b. Ieang.L,.- : unless the figures 

were adjusted for trend.
 

An estimate of the cos,'- dirf:erntial, C, between growing 

rice and jute also poses prc-biccirs. Tc my knowledge the only 

detailed figures currently available are fro.: a comprehensive 

1 The crop year starts on Jly 1 mid terminates or June 30. The 
harvest months of a crop de-;eniies the year for -,hich Its estimates 
refer. 

2 Recently efforts _'a' . beri mrade to i_tr,)Oc, new v-rieties of 
rice into East Poki ;tan wliirh wil.- rodu,, :-'J t-y b:rgher averagefi 
yields. [Efferson (3) p!. 3--5] F2rcr: 3-1 - L11:s1 .:Soc1al !rri seeds 
would not be able tc rel on t,- ,i...', f-wu- , zuj.deb to the mean 
and variance of the aus yield Incnever,- t ,v.n 1 oi Irri aus grown 
in 1969-70 for East Pah:ista.,: was 1.5>. a: t:, D ,:.us :ice acreage.on, t-a2 
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Jute Return Per Acre in Maunds. 
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survey of 142 small farmers in the Phulpur area (a part of Myimensingh
 

district) taken during the 1969-70 season. There the cost of
 

cultivating jute exceeds the cost of producinrg aus by an average
 

of 93 rupees per acre (172-79 rupees) but the difference may be 

as low as 28 rupees (for very small farms) and as high as 110 rupees 

(for larger farms). Most of thie cost discrepancy between farms 

lies on the labor side. Jute r-equires considerably more human 

labor in its cultivution and harvest than ricc does. hence if the 

family has surplus manpower f vailable the cost differential between 

the two croms wil-l be close to zero. If they are forced to hire 

more workers for a.short neriod of tire then the value of C will 

be quite high. 

Given thje abovc data limittions w ,il1 treat V = JP as 

the random: component of K with its mean pj and standard deviation 

o determined by the figures plotted inl Figure 11. Both P1 and CV 

will be point estimates baseu on a te.t available figures so that 

the relevant statistical momznts of X are 

'x = (i - C)/P and s cv / P
 

In summary, the model w:e have postulated with respect to jute 

and rice planting decision assumes that the farmer uses time 

series data to estimate tha mean aud var.ance of rice yields and 

1 Irshad Khan of the ilakistan TnsTitut3 of Peveloitnent Economics was 
kind enough to assemble the acst fi,-res for me. Surveys were also under­
taken in Demra in Dacca district anod 'hakurga-,.oa in Dinajpor district but 
these data have not yet been c nplet... For a more deailed description 
of the general purpose of this ;t.udy and orelimi .wr, findings see Khan (9). 

http:hakurga-,.oa


jute returns while relying on the most recent data to predict 

next season's price of rice and the cost differential between jute 

and rice. The approach thu3 combines t_lecezts of the mean-variance 

anal.ysis of' portfolio theory with the cobweb models which have 

of 	land betweenbeen traditionally used to ])redict tne allocation 

jute and rice.
 

c. 	Analysis of the Data-

Table I suhmari.z:e5 the statistical infoi-mation for jute and 

rice in tih Faridpur disti-ict based on pubii.,3,ed agricultural 

data from 1947-46 through lc'('-YO. 

Th~ble I 

Jute () Rice (Y)
 

Number of observations 	 23 23
 

1)Sample mean 	 419.-C 8.1 

r
 

J,24 	 ).,214Sample standard devia on (F) 
P 
r
 

Coefficient of correlation
 
between X and Y (P) .27
 

Coefficient o: '.ewn-s. () 	 1 .0 .34 

.51
Coefficient of E:cess (Y2) 	 o84 

Chi-square vie (X;D) 4.1.9 2.36 

(Significsncc Lev&.) ( .24) (.50) 



For a normal curve both the coefficient of skewness and the coefficient
 

of excess are zero. The values of y and Y2 indicate that both X
 

and Y have some skewness and kurtosis; however, their chi-square 

values are sufficiently low to warrant the conclusion that the samples
 

1 
could have come from populations having a normal distribution. Hence 

only two parameters--mean and variance--are needed to determine the 

2
 

optimal crop growing decision.


Let us now turn to the actual decision. A farmer who follows 

the minimax strategy implied by (3) will allocate his land between
 

jute and rice on the ba3is of his risk level, a. On the other hand, 

if model (5) depicts his behavior then both s and - will influence 

his actions. We will first examine the case where the objective function 

is given by (3) to see how the pronortion of jute and rice grown 

varies with the risk level. Figure 6 s1hows how sensitive the decision 

is to changes in the price of rice (P ) assuming the average costr 

differential of C = 93. According to a recent surrey of rice prices 

in East Pakistan during 1 70, [Efferson (3)], farmers in villages 

were paying anyrhere from 35 to 40 rupees per maund for rice 3 so 

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

2 We are implicitly assuming that there is no attocorrelation in either 

X or Y. The time series plots of Figures 3 and 4 support this point. 

3 This range is still below the averag:e retail prirr:m of 43.83 rupees 

per maund in the Dacca market during 196)-70l. The reduced village price 
may be explained by lower transportation costs and perhaps discounts to 

farmers for bulk purchases. 
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that P takes on values of 35, 37.5 and hO in Figure 6. We see that r
 

the farmer's decision on hoi much jute to plant is very sensitive to
 

his estimate of the retail price of rice. Con.ider the case where
 

= .20 . If P = hO he ,ill plant only four per cent of his land r
 

with jute while if P falls to 35 the percentaCe of land devoted to
 r
 

jute will rise to 21,J.
 

The same type of analysis for variations in the value of C is 

presented in Figure 7 assuningC . price of rice equal to 37.5. The 

three values of C represont a mininum, average :nd maximum cost dif­

ferential fo individual farhers in the Phul-Pur area. The proportion 

of jute planted is quite .3ensitiTe to th(2 cost dift'erential between 

cultivating and harvesLinr the tT:o crop-s. For exarztple, at a risk level 

=
of a .10 the rTroT)ortion of land devozed to Juce increases from 6i 

to 31/' as the value of C decreases Croiii 1i to 26 rupees per acre. 

The implications of a :,ini:,u.s return constraint, F,. are shown 

graphically in Figure 8. here tile iuroportion of land devoted to jute 

is plotted as a function of s for four different risk levels when 

P = 37.5 and C = 93. The crop growuing decision is quite sensitive to r 

changes in the minimum return. For example, if s = 6.0 and .05 

then the farmer would plant approximately 201J 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 t 4T.. F'itlure 8 also shows 

when the minimum return constrairt cannot be satisfied. Specifically 

if the farmer wants hLs risl: level to be - = .05 then he will not be 

able to set s >.l. At the other extreme i" = .05 then a value of 

s < 3.2 will permit the faimcr to nlant only jute and hence maximize 

his expected return while still ;atisfying the minimum return constraint 

given by (Sb). 
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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 Pakibtan so it is difficult t., compare the actual
 

cropping pattern with the values iiplied by linurps 6 through 8.
 

However, a crude test of the model con be mude usiw6 afItregate data.
 

In Table II we have ranked the II principal jute qroxing districts
 

in East Pakistan on the basis of K: nverare percentane of area devoted
 

to jute over the years 196;5-66 nIrou:h 196,9-70. If uncertainty plays
 

a role in farmers' crop groyinC doci:ioins then some mausure which
 

incorporates the variance and corwe'ation bet.epn rine and jute would
 

rank these districts mnove accorptly ,ban a m:asure based solely on
 

the difference .n expected r-tim rns. We have seer from (h ) that the
 

farmer will plant Lis entire luan vit. jute only = - Mahf t X-0 x-POy 

> t. The larber the value of t U. iarner the proportion of land the 

farmer will devote to juto at any jiven risk level . The value t 

thus indicates the effect of expected return and variance on the 

farmer's decision. We have rankej each of the districts with respect 

to this ratio in Table !I, the r-ion navinE the hJrhest value of t 

being ranked number one, The rank c ieation betqeen the actual 

percentages and the predictions base. on t is R = .851. significant 

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

of differences in expected return than R = .318, a valua not significantly 

1We have included all districts :here the average jute acreage between
 

the years 1965-66 and d69-70 has been over 50,000.
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Table II 

Ranhing of Principal Jute Growing Districts in 
East Pakistan by Avura ;e Percentage of Aus-Jute Land 

Devoted to Jute 

District 

Kishoreg;anj 

Dac c,. 

Faridpur 


Myn ingh 

Com:illn 


Ranpur 

Bogro 

Pabna 


Dinajpur 

Jessorc 

Raj IIhai 

A-tu- 1 (a) t. - P-Pr.-~ox R .k<: - .	 Pa, _______ RanP2k t Y Rank 


2 


4 

1 


3 

6 

9 

7 


5 


10 


8 

11 


t 


px-	 P 

i.I cs, 

u.i. 
0,1 thle 

(b)

Ix:. R
 

1.29 9
 

2.05 5 

3.11 1
 

2.36 3 

2.41 4
 

1.61 	 7 

-1.71 6 

2.84 2
 

0.82 11
 

I118 8 

0.93 10
 

= .851 

R 	 .375 

Gover"mefnt o 

:L W'o -70 
Vn [.ine of C 

11''5 1 

33.4 2 

31.6 3 

28.5 4 

26.3 5 

25.9 6 

22.6 7 

21.0 8 

20.8 9 

19.8 10 

18.1 11 

0.99 


0.83 


1.05 


O.841 

0.81 

0.56 

0.74 


0.82 


0.41 

0.62 

0.37 


Rank correlation between Actual and 


Rank correlation between Actual and 


Source: (a) hure. 

(b) 	 .... o 
... ,...n~ 

OP Agrcu.itual St 

n p , - 3Y . C : 
... '"'S a, drt i,:rp. "."AU:](. 



.20 level.1 It is interesting to note
 different from zero at the 


provides an accurate ranking despite tile simplifying assumptions
that t 


1iopulaion density for all
of identical prices, costs and the same 


districts.
 

Aggregate data is also available from the last agricultural
 

census 	(1960) on tue relationslip between jute acreage 
and size of
 

Farms under 2.5 acres devoted 16.0 per cent 
farm in 	East PFais tan. 


of their aus -jute land to jute while those farms with more than 2.5 

This resultucr cent of their land. 3 
acres planted jute on cily 15.2 

suggests that peorer farmers !y nyave t;c,:ambie so 	 that they have 

Other factors may
enough 	 to feed l1eir f-iilies for another season. 

t~e finplay a role in thic decisLon. if rm nc-eded cash for other 

bt§, then the harvest price rather 
purposes such as renpisf oi,! (1 

t fiLure to use. Duringwould be tim r,'earthan the retail rricc 

aui. pardy WLs abou,.at LO rupees per maund while 
1969-70 the pric. of 

was sarnet d at nihnot 3C rupees. Either of these 
coarse 	milled rice 

would lead to a htigher 1,roportion of jute Lrown than if the 
prices 

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

A t-test was used to s[iecify the significance of the rank correlation 

E is the rank correlation coefficient, from sample of size 
coefficient. If 	 a 

is correct that the population rank correlation coeffi­
n and the hypothesis 

distributionconforms to the t ­2(n-2)/(I-R2']cient is zero then t = 

with n-2 degrees of freedom.
 

2The mean-variance model zug;ust to t if other factors remain the 

c,( incs as it -population density increases. 
same,the percentape ol jute !and 	

soble o0,e-uus Lnd dens.ities by district,
data is not availPublished 

Lo estd ,.7,r11 ic a11this hypothes is conld no,.b 

3 For more detailed "igure', on i ,i,',e ond rice acreage in East Pakistan 

24 and Ici. L2e auuv(:U!C ,-rc.entu-c, ,e re lower than those 
see (31) Tables 

all the 	 districts in East 
in 'lable I )ecause th. ar- baled on

presented 
Pakistan.
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surplus labor so that the cost differential, C, would be lower and 

hence encourage peasants to -rowr more 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 probleim as the Ponulation has increased 

by almost 50/' in the past 20 years. Specif'ically a decrease in an
 

individual farmer's land holdints requires himi to increase his required 

minimum return per acre by a proportionate amount. ience he will want 

to .grow more of tl-e low variance crop, sacrificing some expected 

return for greater security. 

Some form of -uaran!;eed -,overnment support when there is a bad 

year rm-ay e.nable the far.er to incre-Me tie expected return from his 

land. Suonc[se he hlas A acres available for Jute or aus rice and is 

willing to plant mA wlth jute and (1-m)A with rice. If the government 

provides him with a uuarantee of :, maunds of rice whenever the per 
* 

acre jute return is below a critical leve then he will plant m A 

acres of jute where m < m < 1. If the farmer wants 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) (Wx - Y )PrA rupees for this government guarantee. 

To illustrate the implications of such a crop insurance program, 

suppose that under the current systen a farmer from Faridpur with A 

acres requires a minimum return of s = 6.0 at a risk level a = .05. 

Figure 8 indicates that if C - )3 and F = 37.5 he will plantr 

iThe Paistan C:entral Sta-tistical Office estimates that the population 
of East Pakistan has increased from 42 m-ilion in 1951 to 61 million in 1970. 
See (30), p. 2. 



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

a guarantee of 1i maunds of rice pei- family whenever there is a bad jute 

year The farmer may then revise his required miniinuma return to s = 5.5 

and increase his risk level to = 1C . Looking at Figure 8 we see 

that the proportion of jute he grows will increase to m = .65 and 

the farmer will be preparedl to pay up to (,65 - .20)(8.7 - 8.1) 37.5A = 

101.25A rupees per year for this guarantec*. 

Such a crop insurance system would not only make a great deal of 

sense to the individual farmer but also te the nation if jute has a 

comparative advantage over ri ce. L'pecifica!Jy if' the foreign exchange 

received from an acre o Iu-., lore than offsets --he cost of importing 

an acre's worth of ius r .ce thlen ?akista1n should .urovide incentives 

for farmers to grow.i more ,]uL-. ' ,h ? t o,d is made inC:o.2ison 

Table III. Tito firures for tbi,• a.us rice aio .1t,: crons are based on 

the average yield fol iast P11k-sI a. c4uin: the 1('69-70 season. Coarse 

rice of a somewhat higher quality than Yhru, ,o,.r in East Pak stan is 

currently selling f.o.a. B.ngkcic ci- bout :3.6, ne2 maund so we have 

used a figure of $4 .00 pr maur-,d as 'n CkCiMate oL the delivered price 

in East Pakistan. During the j.969-70 season the average price of 

raw jute f.o.b. at Dacca wa .;9.O..ith highe yields of jute 

over rice and its comparatie p-.ice adv-antage the bonefits of devoting 

more land to jute are obvious. Flr :acl, -.cre c:f ricc land transferred 

to jute Table III shows that the net foie.'.Fn ezchange earnings will 

be more than $95.. 

Several qualifying remarks a're in order. We have implicitly 

assumed that the increase in t.e sup-ily -f jute )r the demand for 

rice would not afiect the cic2.i m&d ±2. pice of uither commodity. 

http:foie.'.Fn
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Tablc 1._J 

Foreign Exchange Advantage of Growing Jute Rather than 
Aus co in East Pakistan 

(1969-70) 

Jute Aus Rice 

Yied per Acre (in ].raunds)a 0.15 9.4o 

World Pr:ice (per nmauid) $ 9.40b A 4.O 

Dollars per acre $ 133.00 o;37.60 

Net Forci~rnr Ex<change Earning 
per Acr of Jute $ 95.40 

Sources; 

(a) Bureau of Agricultural Statistics (26) 

(b) .onthly ]orl Trade Statisti. s of Pakistan, 

(c) rf.eorso: (3) 

c 
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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 market so that even doubling thei.r 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 also not incorporated the costs of imported inputs
 

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

fertilizer this assumption appears reasonable since the only input
 

which has to be imported is pesticides. Khan (9) found that only 8%
 

of all land growing traditional aus was sprayed with pesticides in
 

the Phulpur area and has estimated that even a smaller percentage 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 tae dollar then in 1969-70 jute was selling 

lIn 1970 East Pakistan purchased 517,000 tons of rice of which 380,000
 

were shipped from West Pakistan and the remaining portion came from other
 

countries. Between 6.5 to 7.5 million tons of rice moved on the world
 
market during 1970.
 

2 1n 1968-69 Pakistan produced 57.54 lakh bales which was 29% of total 
world production. [See (32) p. 6]. 
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at an average world price of 94 rupees per maund.1 At the same 10:1 

conversion rate the world market price of rice was 40 rupees per maund,
 

only sligntly higher than the price which farmers, paid for rice
 

at village markets during 1969-70. Another factor relates to the
 

cost differential betw2en growing jute and rice. The comparison in
 

Table III is based solely on the revenue 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 Pakistan
 

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
 

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

1The official exchange rate is 4.76 rupees to the U.S. dollar. Winston
 
(24) suggests that one dollar may comnmand as much as 15 rupees in which case 
the difference between the grower's receipt and the world market price be­
comes even more extreme. 

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',1 during Arril, [See (36)], this 

would then reinforce his decision in favor of rice. In more formal 

terms, if the farmer perceives an increase in ox 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 Econom-ist (34) makes the point 

that Sheikh iujibur Rahman has urged farmers to plant only aus rice 

this season, but the article does no, speculate on what has actually 

been done. A renort in one of the Calcutta newspapers (33) claims 

that jute sowings in East Pakistan are only 301V of normal and that 

there is great doubt as to whether the crop will eventually be harvested. 

The long-run economic consequences for 1.East Pukistan of farmers 

not growing much jute this .season could he profound. In recent years 

synthetic materials such as polyvropylene have become increasingly 

as a packaging material.1
popular as substitutes for burlap (jute) 

Although poiypropylene is more durable, attractive and cheaper to 

produce than jute, it does require a substantial changeover cost in 

capital equipment on the part of firms who decide to switch over to it. 

Many companies iiave bc-n reluictant to incur these very high fixed 

costs and hence 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 rieconsider this 

decision. If they install the new uauipment, it will be unlikely 

1 For a more detailed discussion of the competition between jute and 

the synthetics as a packaging- materi ! in the U.S. see (35). 
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for them to return to jute again even if its price anrd supply stabilizes.
 

Thus we see that a short-run crisis facing individual farmers may
 

jute
 
produce an even more serious long-run crisis for the industry and the
 

1
nation. 


4. 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 estimate of its variance may also be 

very large. It,thus niakes very good sense for t hem to plant only a few 

acres of their land with this .ev variet}y at first. if the yields are 

high and relatively staLle from one seasoni to the next then farmers will 

reduce their estimate of tlhe variance and hence increase the acreage 

devoted to the new seed. Stome form of crop insurance similar to the one 

described above should lead to more rapid adoption rates since variance 

will no longer be so critical to the farmer. 

Conceptually it is relatively straightfomrard to extend the model 

to more than two crops. As beforcn, diversification becomes a meaningful 

policy if there is a ne,.tive or low correlation between coi_ .,o 

and their means and variances do not differ si;,nificantly. When the farmer 

is concerned with a minimum return from his crop then model (5) can be 

iThere is an interesting par:,!llel between the jute situation in East 
Pakistan and thu cotton situation in the southern United States. After 
the freedom rides and labor disturl-'hnces durint! the summer of 1964, land­
holders decided to use h1erbicides rather tlan relying on uncertain 
labor. For a more detailed discussict see Gotschi (6a). 

2 Similarly capital invest!-,unt in irriga.tion TJrojects can be pushed 
by detailing the benefits of a reuction in yielr variance through a 
guaranteed source of water.
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generalized to n crops as
 

n 

max 7 miP (8)
i=l
 

subject to
 

n n n 1/2
t[ Z M m mj 0d < s
E m. Pi E 0 a~ (9)
 

i=l i=l j=l 

n 

E m.1 (10)
 
W
i =1 

where p.j represents the correlation between crops i and j. 

Other constraints could also be incorporated into the model. If 

there was a maximum amount of labour hours, L, the farmer had available 

for use on his A acres of land during any month of the season and each 

crop i required Z. units of man hours in month k then for this specific
1 

month k the constraint would take the form 

n 
1: 

Z m. < L/A (Li) 

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 a linear programming format
 



to examine agricultural problems in West Pakistan. Given land and 

labor constraints he has shown 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 a farmer's planting decisions. 

There may be economies of scale associated w;ith growing a particular crop 

both from the purchase side (c.g. quantity discounts on seed) as well 

as from the planting and harvesting side (e.g. decreasing labor cost per 

acre) . The farmer will then either want to plant a large number of acres 

of that crop or none at all. SimilLrly .1Z 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 We have also not considered 

problems associated with switching from crop i in year t--l to crop j in 

year t. If these adjustment costs :e relatively high then stable cropping 

patterns over time may be optimal despite changes in expected returns and 

variances. Finally we have assumed that all land is homogeneous. Variations 

in the quality of land between farmers and/or regions woul(j result in dif­

ferent croppin, patterns.
 

lore emp~irical research is therefore needed to determine the accuracy
 

and limitations of the simple mean-variance model in analyzing farms' crop­

growing decisions.
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