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PRODUCTION RISK AND ADVANTAGES OF MIXED
FARMING IN THE PAKISTAN PUNJAB

TakasHi KUROSAKI

I. INTRODUCTION

GRICULTURAL households in devel oping countries face substantial risk of farm
A income fluctuations. Farm incomeis subject to yield and pricerisk, both of
which are significant because of the dependence of farming on weather.
Risk considerations are more important for poor farmers because their income is
low and formal insurance arrangements are seldom available.! Increased income
risk isitself aloss of welfareto risk-averse households. It might make modern crop
technology less attractive to farmers and delay agricultural development in devel-
oping countries. For these reasons, there is a large literature on price and yield
variability (Kuchiki 1990; Anderson and Hazell 1989; Thirwall and Bergevin
1985; Newbery and Stiglitz 1981; Johnson 1975).

It should be emphasized here that what matters to risk-averse households when
they decide on crop production is the variability of net profit, rather than that of
yields or prices per se. Nevertheless, only afew studies have investigated the vari-
ability of net profits at the individual farm level, mainly due to the difficulty in
obtaining data.? Aggregate data on yields and prices are now widely available for
developing countries. Experimental yield data have been also accumulated from
agricultural research stations (Anderson and Hazell 1989, part 2). On the other
hand, reliable data on yield and input at the farm level are not often available as
panel data with atime-series dimension.

The scarcity also applies to South Asian agriculture. Some authors have esti-
mated crop income variability in semiarid India using household data collected by
the International Crops Research Ingtitute for the Semi-Arid Tropics (ICRISAT)
(Walker and Ryan 1990). For Pakistan, however, to the author’ sknowledge, only a
few studies are available, which investigated separably price variability (Byerlee

1 See, for example, papers reported in “Symposium on Consumption Smoothing in Developing
Countries” (Journal of Economic Perspectives 9, no. 3[1995]) for areview of recent literature on
risk, household decisions, and rura institutions in devel oping economies.

2 Inthe case of U.S. agriculture, for example, Heifner and Coble (1996) addressed thisissue through
estimating farm-level yield-price correlations.
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and Igbal 1987; Mohammad 1985) or crop yield variability (Ahmed and Mahmood
1992).

Therefore, the current paper attemptsto fill this gap by estimating the variability
of net profits at the individual farm level in the case of Pakistan Punjab’s agricul-
ture. The empirical model of profit variability in this paper exploits as much infor-
mation as possible from time-series data of market prices and aggregate yields and
panel dataof household production with a short-time horizon. These three types of
data are more readily available than household panel data with alonger time hori-
zon. Therefore, the methodology used in this paper can be applied easily to other
situations as well.

The empirical model isapplied to acase of mixed farming in therice-wheat zone
in Pakistan’ s Punjab, for which the author has shown theimportance of livestock as
a consumption-smoothing measure under income and price risks (Kurosaki
19954). The study areaiswell irrigated and famous for the rapid adoption of high-
yielding varieties of wheat in the late 1960s and the early 1970s. Nevertheless,
yield risk on individual farmsis not negligible. Price risk also affects agricultural
households since most of them market their products through private channels.
This paper showsthat production risk, in terms of the variability of net profitsat the
farm level, isindeed substantial. A correlation analysis of the net profit variability
further shows that profits from green fodder and milk are substantially negatively
correlated, which impliesthat it is advantageous, in terms of risk diversification, to
combine fodder production and milk production in one enterprise. Thus, this paper
sheds a new light on the advantages of mixed farming in South Asia, where a
macroeconomic shift toward livestock products in value-added composition from
agriculture was experienced (Kurosaki 19953, fig. 1).

In the following, Section Il gives information on the study area and sample
households. Section 11l proposes an empirical model of profit variability. The
model showsthat profit variability at the farm level isdetermined by the variability
of theregional average of per-unit revenues and theyield variability that isidiosyn-
cratic to households. Section IV estimates the former using secondary time-series
data. Section V estimates the latter using three-year household data. Section VI
combines the two sets of estimation results to obtain parameters characterizing net
profit variability. The variability of profits and the correlation coefficients among
them are discussed. Section VII concludes the paper.

1. STUDY AREA AND SAMPLE HOUSEHOLDS

Toinvestigatethe variability of crop profitsat thefarm level, microeconomicinfor-
mation is necessary. This paper usesthe same household data asthosein aprevious
paper (Kurosaki 1995a). Microeconomic data were collected from five villagesin
the Sheikhupura District, which belongs to the rice-wheat zone of the Punjab, by



30 THE DEVELOPING ECONOMIES

the Punjab Economic Research Institute (PERI), Lahore. From the data set of
ninety-seven household observations conducted each for three years from 1988/89
to 1990/91, this paper uses the subset of fifty-nine households that were surveyed
continuously with consistent information for al the three years.

Major grain commodities produced by farmers in the rice-wheat zone are
basmati paddy in the kharif (monsoon) season and wheat in the rabi (dry) season.
Wheat is a staple food; basmati rice is a festive food in the local diet, cultivated
mainly as a cash crop. In addition to these two grain production activities, most
farmers keep livestock animals and allocate a significant proportion of cultivated
land to fodder crops used as green fodder. The most popular green fodder crop in
kharif isjowar (sorghum) and that in rabi is berseem (Egyptian clover). The sum of
areas devoted to fodder crops and the dominant grain crops (rice in kharif and
wheat in rabi) amounted to 80 to 90 per cent in the study area. Therefore, this paper
analyzes the profit variability of these four major crop activities (basmati paddy,
kharif fodder, wheat, and rabi fodder).

Milk is the most important livestock product sold to markets regularly. Most
households keep several cows and she-buffaloes for milk production. The average
number of adult she-buffaloes owned by sample households was 1.93 in 1988/89,
1.92in1989/90, and 2.80 in 1990/91, and that of adult cowswas slightly below one
inall thethreeyears. Two adult she-buffal oesin lactation produce milk that ismore
than sufficient to cover the needs of a household comprising eight people, whichis
the average household size. Househol dsfeed green fodder, dry fodder, and concen-
trate feeds to livestock animals including draft animals.® Among these sources of
feed, the expenditure on green fodder (including imputed costs using market
prices) accounted for the largest proportion of the total feed cost, approximately 70
per cent. The variability of milk profit is analyzed in this paper in kharif and rabi
Seasons separately.

It is important to notice that markets for agricultural produce in the region are
well developed so that households need not be self-sufficient in green fodder for
their animals or in wheat for their family consumption. Some farmers are close to
being self-sufficient in green fodder, some purchase fodder from marketsif neces-
sary, and others sell fodder regularly (Table I). Almost all the households sold
basmati paddy, the most important cash crop; no household purchased basmati.
Wheat was sold by some households and purchased by others. In contrast to cere-
as, sample households did not participate much in green fodder markets. Only
about one-third of the sample households sold surplus fodder and less than 10 per

3 The importance of draft animals has decreased significantly in the study area due to the develop-
ment of tractor services market. Since there were no bullock rental transactions among sample
households, this paper focuses on the variability of milk profit as a representative livestock activ-
ity.
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TABLE |
MARKET PARTICIPATION BY SAMPLE HOUSEHOLDS
Sales Purchase
Number % Number %
Basmati paddy 290 99.7 0 0.0
Kharif fodder 97 333 15 5.2
Wheat 182 62.5 28 9.6
Rabi fodder 110 37.8 9 31

Source: The author’s calculation. The original information was collected by the Punjab Eco-
nomic Research Ingtitute. See Kurosaki (1995a) for more details.

Note: Numbers show how many households had experiencein selling or buying each crop in
the study period. In total, 291 observations (97 each in three years) are pooled in this table.

cent purchased deficit fodder, which suggests that smaller landholders prefer to be
self-sufficient in green fodder even it may imply that they need to purchase deficit
wheat.

The pattern shownin Table | is consistent with the risk-averse behavior of farm-
ers. Market transactions involve price risk. Price risk is especially high for green
fodder, abulky and perishable commodity (Section IV). The fodder price risk has
two meanings: it implies output price risk when produced fodder is sold to the
market; it also impliesinput price risk since fodder is the most important input in
milk production.

I11. A MODEL OF PROFIT VARIABILITY

By definition, per-acre profit of a crop is the product of its price and yield, minus
total production costs per acre. In this paper, it is assumed that market price distur-
bances are commonly shared by sample householdsin avillage. Thisassumptionis
justified for a situation where most farmers participate in market transactions in
harvest periods with little price variation, due to, for instance, the government pro-
curement at fixed prices (Kurosaki, forthcoming). Regarding the sources of yield
variability, it isassumed that yields at the individual farm level are subject to both
common and idiosyncratic disturbances. Idiosyncratic yield shocks are identically
and independently distributed across individuals by definition, such as field-spe-
cific production problems due to crop destruction by animals or adelay in harvest-
ing.

Therefore, ageneral model for the ex post, realized level of the per-acre profit of
crop i onfarm hin year t, 7 can be expressed as

Thit = pit(&))/hn(zm, &, rlhit) - WDXhit(th), (l)
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where € isavector of common disturbances that affect output price p and per-acre
crop yield yyi; n isavector of idiosyncratic disturbances that affect y.; and x isan
input vector for crop production whose price vector is represented by w. The per-
acre crop yield yi isarealized level, which is different from the desired or planned
level of yield that is a solution to household’ s optimization problem. The vector Z,
denotes household characteristics. A model for per-animal milk profit is defined
similarly.*

Equation (1) could be interpreted as a reduced-form equation of household pro-
duction decisions. Structurally, yi: is afunction of variable inputs x. In a reduced
form, since the optimally chosen x also becomes afunction of Zy, itisnot explicitly
included in the function of y.(..). If thetheory of duality holds, expressionin equa-
tion (1) is reduced to a per-acre profit function, which is a function of expected
market prices and the vector Z consisting of household characteristics of fixed
production assets; if the duality theory breaks down, the vector Z: should include
household consumption characteristicsaswell, and other moments of prices should
be also included in the model (Pope 1982; Pope and Just 1991). Because the data
covered a three-year period with price variations that were amost collinear with
yearly dummies, price variables are not included in the function of yiwi(..) whenitis
estimated in Section V.

Inequation (1), variable inputs x are assumed to be chosen once at the beginning
of aproduction cycle, to set aside the sequentia aspect of a production processin
agriculture. In reality, farmers adjust the use of variable inputs sequentially as the
information regarding € and n isrevealed partially and gradually. A formal model
of this reality is found, for example, in Fafchamps (1993), who investigated the
sequential decisions of labor input under uncertainty and the related issues of
precommitment and production flexibility. Unfortunately, this class of dynamic
models istoo complicated to give practical insights into the needs of this paper to
define production risk. Therefore, a smple formula in equation (1) is adopted in
this paper and further investigation into this aspect is left for future research.

For the estimation, the yield at the individual farm level in equation (1) is
specified further as a multiple of the regional average yield yi(&) and a household
specific multiplier un:, which is subject to idiosyncratic shocks. Algebraically, it is
expressed as

Yiit = Yil( € Unit(Znt, Nhit)- 2

4 One difference s that input price vector (w) for milk production is stochastic because the price of
the most important input in milk production, green fodder, isunknown at thetime of crop planting.
On the other hand, w for crop production is assumed to be nonstochastic because the prices of
important inputsin crop production such asfertilizer and seeds are known when househol ds decide
on crop production plans at the beginning of an agricultural year.



PRODUCTION RISK 33
Inserting equation (2), equation (1) becomes

Thit = ReVi(&) Unit(Znt, Nrit) — WEXnit(Zre) 3

which shows that the part of gross revenues affected by common shocks can be
expressed in one term: “per-unit gross revenue in the region” (Rev). It aso shows
that an individual household faces production risk that differs from the variability
of Rev for three reasons. the existence of inputs, idiosyncratic yields risks, and
structural differencesin yield levels among households. The variability of Rev for
each farm activity isestimated in Section 1V and the yield multiplier model of u(..)
isestimated in Section V.

IV. VARIABILITY OF THE REGIONAL AVERAGE
OF GROSS REVENUES

A. AnEmpirical Model

Considering the effects of inflation and technological changes, pi(&) is log-lin-
early approximated as

[npic = o + Bit + U,
Uit = UpUit-1 + Eqt,

(48)

wheret isatime variable measured in years associated with an annual trend rate of
B, and u is an autoregression coefficient for a first order autoregressive (AR(1))
error term.

Given the approximation in equation (4a) and assuming that yi(&) and pi(&) are
linked through a market demand function, Revi(&;) can be also approximated simi-
larly as alogarithmic model, which is specified as

InRev = a + bit + Uy,

(4b)
Uit = UrUit1 T Ert.

Correction for AR(2) structure is employed for al the commodities so that residu-
a s can be regarded as awhite noise process. To control the effects of the informa:
tion contained in the government support prices, the current support prices of
basmati paddy are included in the model for basmati price and revenue. The
basmati support pricesare usually known to farmerswhen they decide on their land
alocation at the beginning of an agricultural year. Since the wheat support priceis
not yet announced when farmers choose kharif crops, it is not included here.®

5 Obviously the past support prices of wheat may affect expectation on the market price of wheat.
The empirical model for wheat price incorporates the effects of past wheat prices in the market,
which reflects the information in the support prices until then.
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Expected values are approximated as the natural exponential of fitted values de-
fined as
InRev,, = & + bt + I:(Ril]i,t—lv ()

where a hat denotes a regression estimate.
The coefficient of variation (CV) and the correlation coefficients (p) of revenues
are approximated as

CVre, = \/Var(Revi) = \/Var(InRevi) = Or,
Rev; ©6)
_ Cov(Revi,Rev) _ Cov(InRev,InRev) _ . A
Previ, Reyj = - - p(ERi’ ERJ')’

War(Rev) War(Rev) VVar(InRev)) VVar(InRev)
where og, isasquare root of the estimated variance of € in equation (4b). They are
estimated from the residuals adjusted for the autoregression. Similar models for
market prices are also estimated from equation (4a) to examine the variability of
market prices and their correlation with farm profits. The covariance of prices of
consumption commodities and crop profit is an important determinant of crop
choicesfor households who face uncertain food prices and therefore want to obtain
price insurance by growing the food crop on their farms (Kurosaki 1995b;
Fafchamps 1992).

B. Data

Equations (44) and (4b) were estimated for the period from 1971/72 through
1990/91. The average gross revenues in the region were calculated as the product
of annual prices and per-acre yieldsin the region for each year.

Market price data were obtained from two sources. For the prices of wheat,
basmati, and milk, monthly wholesale pricesin Sheikhupura were used (Pakistan,
Federal Bureau of Statistics, various issues). Sheikhupurais the district headquar-
ters of the villages surveyed. For the prices of green fodder, very few data are
available and those in Sheikhupuraare not avail able. Therefore, the prices of green
fodder in anearby market of Faisalabad were used. These datawere obtained from
the provincial government (Punjab Government, various issues). To represent har-
vest months, the average price in May and June was used for wheat and rabi fod-
der, and that in December and January for basmati and kharif fodder .

Data on crop yields were obtained from a computerized database (Pakistan,
Ministry of Food, Agriculture and Co-operatives, 1992). For basmati and wheat
yields, data for the Sheikhupura District were used. For fodder yields, there are

6 Since green fodder is marketed continuously before the peak of grain harvest, other months were
also examined for fodder prices. However, this adjustment did not change the regression results
qualitatively. Therefore, the results based on the months described in the text are reported.
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TABLE Il
ReGRressioN ResULTs oF TIME-SERIES M ODEL
A. Regional Average Gross Revenues

Kharif Rabi

Basmali Fodder Whest Fodder
Constant 5.870 7.161 4.446 7.679
(2.61) (30.2) (70.6) (15.5)
Timetrend 0.065 0.127 0.092 0.152
(1.82) (2.39) (8.31) (2.05)
Log of support -0.120
price, basmati (-0.26)
U 0.508 0.495 0.370 0.672
(3.36) (1.19) (1.85) (2.11)
Estimates for o 0.156 0.365 0.159 0.387
R? 0.891 0.822 0.930 0.859
Number of observ. 19 10 19 10
B. Market Prices
. Kharif Rabi Kharif Rabi
Basmall  projger  Wheal  pogger  Mik Milk
Constant 4.966 2.261 3.984 2.452 4.661 4,704
(2.43) (11.4) (101) (9.78) (65.7) (97.8)
Timetrend 0.071 0.119 0.072 0.116 0.085 0.081
(2.19) (3.86) (11.0) (2.99) (7.16) (9.52)
Log of support 0.027
price, basmati (0.07)
u 0.452 0.403 0.424 0.490 0.496 0.239
(2.66) (1.25) (2.49) (1.58) (2.47) (1.13)
Estimates for o 0.141 0.353 0.086 0.415 0.140 0.151
R2 0.930 0.847 0.965 0.816 0.935 0.915
Number of observ. 19 11 19 11 19 19

Source: The author’s calculation. See the text for the data source for regression.

Note: Dependent variables arelog of gross revenues or log of market prices; absolute values
of t-statistics are indicated in parentheses; 1 isthe coefficient of the first-order autoregression
in the error term, estimated by the Cochrane-Orcutt method.

very few data. Since those for the Sheikhupura District are not available, fodder
yieldsfor the Punjab Province were used. Theyield of kharif fodder cropsisrepre-
sented by that of jowar, and that of rabi fodder by that of berseem. Data on these
fodder yields were estimated from a sample survey mostly conducted in the dis-
tricts in the vicinity of the sample villages. Therefore, the use of the provincial
numbersisjustified considering the scarcity of the data.

Dataon per-unit yield of milk are not available asatime series. The existing data
are ssimple interpolations of survey resultsin the livestock census conducted every
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TABLE 11l

CV AND CorreLATION CoEFFICIENTS OF PricEs AND GRoss REVENUES

Correlation Coefficients (p) with Gross Revenues
CcVv

K1 K2 R1 R2 Km Rm

Prices:

Pr (basmati) 0.141 0.832 -0.394 0.381 0.278

Wkm (kharif fodder) 0.353 -0.428 0.993 -0.304 0.515 0.345 0.507

Pw (wheat) 0.086 0.306 0.223 0.684 0.071

Wrm (rabi fodder) 0.415 0.122 0599 -0.141 0.962 -0.142 0.029

Pm (milk) 0.146 -0.013 0.576 0.279 0.188
Gross revenues:

K1 (basmati) 0.156

K2 (kharif fodder) 0.365 -0.464

R1 (wheat) 0.159 0471 -0.309

R2 (rabi fodder) 0.387 0.371 0.503 -0.064

Km (kharif milk) 0.140 0.019 0.443 0.306 0.049

Rm (rabi milk) 0.151 -0.045 0.709 0.251 0.328

Source: Constructed from the resultsin Table 1.
Note: Only those parameters which are used in constructing Tables VI and VI are listed.

ten years. Therefore, the estimation of milk revenue equationsis not attempted and
it is assumed that the variability of average milk revenue is due only to price vari-
ability.

C. Estimation Results

Table Il gives the regression results. Coefficient estimates on the time variable
for gross revenues and market prices show a deterministic time trend. Revenues
from green fodder increased with the annual growth rate of 13to 15 per cent. These
growth rates surpassed corresponding figures for basmati (6.5 per cent) and for
wheat (9 per cent). These trend coefficients indicate a pattern similar to that of the
coefficients for prices. The similarity suggests that the revenue and the price of a
crop tend to move together in the study area. The growth rate of wheat revenue was
higher than that of basmati revenue because wheat yield per acre improved during
the study period. Basmati yield per acre stagnated during the same period, resulting
in the lowest growth rate of its revenue.

Table Il shows the estimates of CV and p constructed from the regression re-
sults. The CVs of revenues from grain crops (wheat and basmati) are smaller than
those of green fodder revenues. As is expected, the price and the regional average
revenue of a commodity are highly correlated: parameter p is estimated in the
range of 0.68 (between wheat price and revenue) to 0.99 (between kharif fodder
price and revenue). Also, fodder revenues and milk revenues are positively corre-
lated with p values of 0.44 in kharif and 0.33 in rabi. This is expected since the
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milk price tends to be higher when the price of green fodder, its most important
input, is higher.

Information on price variability in Table 111 confirmsthat wheat priceisthe most
stable and green fodder priceisthe most volatile. The government policiesof direct
procurement at support prices and public issue at fixed prices are one of the reasons
for the stability in wheat price (Kurosaki, forthcoming). The CVs of green fodder
prices are estimated at around 35 per cent in kharif and 42 per cent in rabi, the
highest among the prices listed in the table.

V. VARIABILITY OF YIELD AT THE INDIVIDUAL FARM LEVEL

A. AnEmpirical Model

Yield variahility at the individual household level is different from the variabil-
ity of regional yield for two reasons. First, output yields in individual farms are
affected by idiosyncratic risks, which are by definition statistically independent of
common risksthat affect sample households equally. The existence of theidiosyn-
cratic yield risk results in amore variable individua yield than the average yield.
Second, technology is not identical among households in farm production activi-
ties. Expected yield and its variability may differ from farmer to farmer due to
differencesin, for example, land quality, ownership of machinery, and the educa-
tional level of the household head.

Incorporating these two aspects, a model of yield multiplier in equation (2) is
estimated in the following form:

Yhit = Yittnit(Znt, Nni)) = Yi[Wi(Zne) + Nrie] s
Ui(th) = ﬁzht,

where [ is a parameter vector to be estimated.”

A convenient aspect of the model in equation (7) is that a square root of the
estimated variance of ny: gives an intuitive meaning of the CV of yields due to
idiosyncratic shocks. If this number is high, it implies that individual yields vary
significantly around the average yield in the year. To definey, in a consistent man-
ner, the model is estimated for the subset of sample households that were surveyed
continuously.

The household characteristic variables include a dummy variable for tractor
ownership (TRDUMMY), a dummy variable for tubewell ownership (TWDU-
MMY), the number of family members per acre (FAMA), and the years of com-
pleted education of the household head (EDU). Since these variables are predeter-

()

7 Since the specification in equation (7) is ad hoc in nature, other specifications for uy, were also
examined such as multiplicative nyi. Since the final results corresponding to Tables VI and VII
were very similar, only those based on equation (7) are reported in this paper.
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TABLE IV

ReGressioNs ResuLTs oF Y1ELD MuULTIPLIER M ODEL

Multiplier over Average Yield in Each Y ear

; . Statistics of
Basmati FK:;é Iefr Wheat Fggg:ar Independent
Variables?
Constant 0.944 0.924 0.996 1.008
(19.9) (26.0) (19.9) (28.9)
TRDUMMY -0.072 0.054 0.045 -0.056 0.107
(1.38) (1.39) (0.81) (1.46) [0.310]
TWDUMMY 0.042 0.040 -0.056 -0.006 0.695
(2.09) (1.38) (2.39) (0.22) [0.462]
FAMA -0.007 0.032 -0.001 -0.014 1.202
(0.33) (2.15) (0.07) (0.95) [0.900]
EDU 0.019 0.001 0.017 0.008 2.288
(4.26) (0.44) (3.78) (2.60) [3.576]
Mean of dependent variable 1.000 1.000 1.000 1.000
Std. dev. of dependent variable  0.217 0.151 0.226 0.154
Number of observations 177 171 177 176
R? 0.111 0.036 0.089 0.049
Square root of
the estimated variance 0.207 0.150 0.218 0.152

Source: SeeTablel.

Notes: 1. Continuously surveyed households only.
2. The absolute values of t-statistics are indicated in parentheses.
3. Estimated by ordinary least squares.

a Means are given first, followed by the standard deviations in brackets.

mined when households decide on land allocation, they are treated as exogenous
variables in the estimation. The variables are constructed from the household data
described in Section 1. To extract full information in the panel data, another model
with household dummies was estimated also. This model is expected to correct the
bias from unobserved household characteristics by what is known in the panel data
analysis as “fixed effects’ (Judge et a. 1985, chap. 13). One disadvantage of the
model with fixed effects is that coefficients on agricultural machinery dummies
become unstable due to their high collinearity with household dummies.

B. Estimation Results

Estimationresultsaregivenin TablelV for amodel without household dummies
together with summary statistics of the model variables. Estimation results for a
model with household fixed effects are givenin Table V.

These tables show that EDU, the education level of the household head, raises
the yield significantly for most of the crops. Therefore, education is found to im-
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TABLE V

RecressioN ResuLTs oF YIELD MULTIPLIER MoDEL wiTH HouseHoLD Fixep EFrFecTs

Multiplier over Average Yield in Each Year

: Kharif Rabi
Basmati Fodder Wheat Fodder
TRDUMMY -0.118 0.202 0.155 -0.021
(1.37) (2.34) (1.59) (0.34)
TWDUMMY 0.118 0.043 -0.098 -0.005
(2.59) (0.95) (1.90) (0.14)
FAMA -0.037 0.025 -0.085 -0.037
(0.73) (0.49) (1.47) (1.00)
EDU 0.194 0.188 0.217 0.190
(9.20) (9.07) (9.12) (12.5)
Household dummies? (omitted to save space)
R? 0.660 0.352 0.600 0.656
Square root of
the estimated variance 0.157 0.152 0.177 0.112

Source: See Tablel.
Notes: 1. Continuously surveyed households only.
2. The absolute values of t-statistics are indicated in parentheses.
3. Estimated by ordinary least squares.
4. SeeTablelV for the statistics of variables and the number of observations.
a Only those household dummies that are not completely collinear with TRDUMMY,
TWDUMMY, and EDU are included. The number of those independent dummies is fifty-
eight.

prove management efficiency in the farm, as has been emphasized in the literature
on human capital (Jamison and Lau 1982; Schultz 1961).

The effects of TWDUMMY and TRDUMMY are mixed. Although the sign of
their coefficients is the same in Tables IV and V, most of them are insignificant.
These facts may imply that the existence of active markets for water and tractor
services in the study area makes the ownership of these machines a less critical
factor in determining crop yields. This does not mean that water markets are per-
fect. It merely suggests that factor margina productivities are not likely to differ
appreciably among sample households. Another, stronger version of the hypoth-
esis of efficient water markets should require that households' production deci-
sions be separable from their status in tubewell ownership. Kurosaki (1995h)
shows that the effect of tubewell ownership is more evident in land allocation deci-
sions. The functioning of these new factor markets deserves further study. At this
moment, regression results fulfill the requirements of assessing the importance of
idiosyncratic shocks.

C. Importance of Idiosyncratic Risks
Overall fit of the regressions presented in Tables 1V and V is not good, suggest-
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ing that idiosyncratic risk isimportant in determining yields. Estimates for the co-
efficient of variation of yields due to idiosyncratic shocks are in the range of 15 to
22 per centin Table 1V and 11 to 18 per cent in Table V.

The importance of idiosyncratic risks is supported further by examining the
household datafrom a different angle. The sample average of annual basmati yield
was the highest in the second year (1989/90), followed closely by that in the first
year (1988/89); in the third year (1990/91) the harvest was poor (Kurosaki 19953,
table 2). Nevertheless, yield pattern at the individual household level was different
from the average pattern. The number of householdsthat experienced aworseyield
in the first or second year than in the last year was twenty-two out of fifty-nine,
implying that more than one-third of the sample households experienced an ad-
verse idiosyncratic shock in the years of good harvests on average.

Similarly, the average wheat yield in the region was very high in the first year,
followed by two bad years (Kurosaki 19954, table 2). The number of sample house-
holds that experienced the highest yield in the second or third year was ten out of
fifty-nine. These households experienced a favorable idiosyncratic shock in the
years of bad harvests on average.

Therefore, idiosyncratic disturbances are found to be important in determining
cropyieldsat thelevel of individual farmsintheregion. Inthe ICRISAT villagesin
semiarid Indiawith mostly rain-fed agriculture, the CVs of crop yields at the level
of individual farmswere estimated to range from 31 per cent to 69 per cent (Walker
and Ryan 1995, table 8.5). Since Walker and Ryan’ s numbersreflect the mixture of
common and idiosyncratic risks, they are not strictly comparable to the estimates
here. But it might be safe to conclude that irrigated agriculture in the Pakistan
Punjab is subject to idiosyncratic yield shocks that may be less intense than in the
ICRISAT areabut are larger than we expect from 100 per cent irrigated agriculture.

VI. VARIABILITY OF NET PROFITS AT THE FARM LEVEL

A. Adjustments for Input Costs

A simple model of input costs is adopted for equation (3), in which the costs are
assumed to be proportional to expected revenues. Algebraically, the model is now
expressed as

Thi = Revi[ui(Zn) + Nn] — WOXni(Zs), (8)
where
E[WOx0i(Zn)] = GE[pOyn] = cIui(Z)E[Rev],
where ¢; is the mean ratio of input costs to revenue.

Other specifications were also examined, but the estimated values of CV and p
did not change appreciably. The model in equation (8) was adopted because arela
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tively simple calculation can be used to convert average revenue parameters into
individual profit parameters.

From equation (8), the parameters associated with individual profit can be ex-
pressed as

CVi, = ‘jq CVee, | =K1, K2, RL, R2, Km, Rm,

1
Pryg,my = pR:“l:e”i . i,j=K1,K2,R1,R2, 9)
CVay
Prev;, Revie ~ G CVee, Py, Revi
Pres. e = e , i=K1,K2, Rl R2 k=Km, Rm,
where
k=,1+CVz [1+ 1 ), i=K1K2RLR2
CVe,
CVz, CV., .
. = 2 X g l . . =
k; \/1+ CVi, (1 + Vi, ) +cfl CVa, ZCDC - Pw, Rev;s j =Km, Rm,
CVy, = VVar(n) .
Ui(Zh)

Idiosyncratic yield risk affectsthe CV and p of net profitsvia CV,, thelast termin
the above expression. The symbol ¢;, which appears in the equation for milk that
definesk;, isthe mean ratio of green fodder coststo milk revenues. Crop activities
and milk production show different expressions for p and k in equation (9), since
input prices in crop production are assumed to be nonstochastic whereas those in
milk production are stochastic when households select crops to grow. Uncertainty
in green fodder priceis perceived by farmers both as output price risk and asinput
price risk.

Crop production costs are defined to include all cash costs, such as the costs of
machinery services, hired labor, irrigation, fertilizer, pesticides, and seeds. Milk
production cost is defined as the sum of the costs of livestock maintenance, hired
labor, green and dry fodder (including the imputed value of fodder produced in the
farm), and concentrates.

Based on these definitions, ¢’ swere cal cul ated for each household for each agri-
cultural activity. On average, rabi fodder showed the highest cost ratio at 0.69
because it requires alarge amount of hired labor and water. The lowest ratio was
0.22 for kharif fodder, which requires less labor and water. The average cost ratios
for basmati and wheat were estimated at 0.46 and 0.51, respectively. Milk produc-
tion was associated with higher cost ratios between 0.62 and 0.67, mostly dueto the
cost of green fodder.
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TABLE VI
CV AND CorRELATION CoEFFICIENTS OF PRICES AND NET PROFITS

AT THE INDIVIDUAL FARM LEVEL

o Correlation Coefficients (o)
Cva Multll(pller with Net Profits
K1 K2 R1 R2
Prices:
Pr (basmati) 0.141 0.496 -0.360 0.222 0.256
(0.022) (0.002) (0.010) (0.001)
Pw (wheat) 0.086 0.182 0.204 0.399 0.065
(0.008) (0.001) (0.017) (0.000)
Pm (milk) 0.146 -0.008 0.527 0.162 0.174
(0.000) (0.002) (0.007) (0.001)
Net profits:
K1 (basmati) 0.488 1.682
(0.022) (0.074)
K2 (kharif fodder) 0.477 1.092 -0.253
(0.027) (0.005) (0.012)
R1 (wheat) 0.543 1.719 0.164 -0.165
(0.024) (0.071) (0.014) (0.007)
R2 (rabi fodder) 1.234 1.085 0.204 0.424 -0.035
(0.091) (0.005) (0.010) (0.003) (0.002)
Km (kharif milk) 0.631 1.618 0.260 -0.651 0.286 -0.443
(0.061) (0.047) (0.012) (0.015) (0.013) (0.005)
Rm (rabi milk) 0.796 1.991 -0.076 -0.146 0.144 -0.611
(0.027) (0.021) (0.003) (0.005) (0.006) (0.005)
Source: Constructed from theresultsin Tables |, |11, and |V. See the text for details.

Notes: 1. Standard deviations areindicated in parentheses.
2. The number of observationsis 177 (continuously surveyed households only).
3. Based on regression results in Table 1V for a yield multiplier model without

household dummies.

a CV of prices are common to each household in the sample by definition. Therefore, no

variation.

B. Results

Using regression results in Sections IV and V, parameters characterizing vari-
ability and correlation of net profits at the individual farm level are calibrated.
Tables VI and VII present the means and standard deviations of the CV and p
coefficients, calculated for each sample observation. Estimates in Table VI are
based on ahousehold yield multiplier model without household dummiesand those
inTable VIl onamodel with household fixed effects. Two sets of numbersarevery
similar with the same qualitative implications. The standard deviations are smaller
than one-tenth of the mean coefficientsin all cases, suggesting asmall inter-house-
hold variation. TablesVI and VII are different in severa aspectsfrom Tablelll, as

follows.
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TABLE VII

CV AND CorRELATION CoEFFICIENTS OF PRICES AND NET PROFITS AT THE INDIVIDUAL
FarM LEVEL (WITH HouseHoLD Fixep EFFecTs)

43

o Corrélation Coefficients (p)
Cva Mult‘l( plier with Net Profits
K1 K2 R1 R2
Prices:
Pr (basmati) 0.141 0.577 -0.359 0.250 0.265
(0.048) (0.006) (0.024) (0.003)
Pw (wheat) 0.086 0.212 0.203 0.449 0.068
(0.018) (0.003) (0.043) (0.001)
Pm (milk) 0.146 -0.009 0.526 0.183 0.180
(0.001) (0.008) (0.018) (0.002)
Net profits:
K1 (basmati) 0.421 1.455
(0.036) (0.123)
K2 (kharif fodder) 0.479 1.096 -0.294
(0.028) (0.017) (0.025)
R1 (wheat) 0.486 1.538 0.215 -0.185
(0.051) (0.160) (0.033) (0.018)
R2 (rabi fodder) 1.194 1.049 0.246 0.437 -0.040
(0.089) (0.013) (0.022) (0.007) (0.004)
Km (kharif milk) 0.629 1.613 0.304 -0.650 0.323 -0.460
(0.061) (0.047) (0.026) (0.018) (0.032) (0.008)
Rm (rabi milk) 0.795 1.987 -0.088 -0.145 0.163 -0.633
(0.027) (0.021) (0.007) (0.006) (0.016) (0.009)
Source: Constructed from theresultsin Tables I, |11, and V. See the text for details.

Notes: 1. Standard deviations areindicated in parentheses.
2. The number of observationsis 177 (continuously surveyed households only).
3. Based on regression resultsin Table V for ayield multiplier model with house-

hold fixed effects.

a CV of prices are common to each household in the sample by definition. Therefore, no

variation.

First, the CVs of individual profits of six farm activities are much greater than
those of regional gross revenues. The multipliersk or k; defined in equation (9) are
al greater than unity including those on milk profitability. By construction, k; is
greater than unity for crop activities. On the other hand, whether k; is greater or
smaller is indeterminate for milk production. The multiplier in the table is greater
than unity for milk production because the effect of an idiosyncratic shock that
increases the CV outweighs the effects of the positive correlation between fodder
price and milk revenue that decreases the CV.

Second, the order of the CVsof profitsamong four crop activitiesshownin Table
VI or Table VII is different from that in Table I11. The CV of kharif fodder profit
becomes smaller than that of wheat and comparable to that of basmati, the compet-



44 THE DEVELOPING ECONOMIES

ing crop in kharif. On the other hand, the CV of rabi fodder profit becomes larger
than unity, due to the higher input costs required to produce berseem, the most
important rabi fodder crop.

Third, in sharp contrast to Table I11, the correlation coefficient between fodder
and milk profitsin Tables VI and VI takes a negative sign with a large absolute
value. The coefficient isestimated at —0.65 inkharif and —0.61inrabi (Table V1) or
at —0.65 in kharif and —0.63 in rabi (Table VII), which isin sharp contrast to the
changes in the correlation coefficients among crop profits. The difference between
the comparable numbers among crop profitsin Table |11 and Tables VI or VI is
small, and the sign of the coefficients never changes.

The correlation coefficients between fodder and milk profits at the farm level
(P are substantially negative because fodder is the most important input in
milk production and fodder price is the most variable. Expression in equation (9)
snowsthat P, becomes negativeif (i) the cost share of fodder in milk production
(co) islarge, (ii) the CV of fodder price (CViw) isrelatively large compared with the
CV of milk revenue, and (iii) the correlation between fodder price and fodder rev-
enue (Pw.rey) 1S highly positive. All three conditions are fulfilled in the study area.
The negative correl ation between fodder and milk profit suggeststhat it is advanta-
geous to combine fodder and milk production in one farminterms of risk diversifi-
cation.

Asafinal remark, acomparison of these findings with those from the ICRISAT
Indiadatais attempted. In semiarid India, mean household crop income variability
was estimated to range approximately from 33 per cent to 47 per cent in terms of
the coefficient of variation (Walker and Ryan 1991, table 10.6).2 These figures are
mostly smaller than those in Tables VI and VII. Contrary to the expectation that
irrigated agriculture should yield more stable income than rain-fed agriculture, this
study has found the opposite situation. It is true that crop yields per acre are more
stable in irrigated agriculture such as in the rice-wheat zone in Pakistan’s Punjab
than in semiarid India. Nevertheless, what matters for household decisions is the
variability in net profits. In semiarid India, farmers do not apply alarge quantity of
purchased inputs to crops whose yields are very variable. Furthermore, market
prices of those crops are strongly negatively correlated with crop yields. Therefore,
profit variability of these cropsis not large compared with their yield variability.
On the other hand, in irrigated Pakistan, because of higher input costs and lower
price-yield correlation, profit variability is much larger than yield variability in
terms of the coefficient of variation.

8 Walker and Ryan estimated these numbers directly from the household panel data, which covered
nine years. Therefore, their estimates are not strictly comparable to our estimates, which are esti-
mated indirectly from both time-series data and three-year panel data.
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VII. CONCLUSION

This paper has proposed amodel of net profit variability at theindividual farmlevel
and applied it to Pakistan’ s agriculture. It has been found that the addition of idio-
syncratic yield shocks and adjustment for input costs result in a much larger vari-
ability of net profits than implied by the variability of regional average gross rev-
enues. These adjustments have resulted in a seemingly unexpected finding of
higher profit variability in irrigated Pakistan than in semiarid India. Therefore, an
empirical analysis of production risk based on secondary data of prices and aggre-
gateyieldsaonewould be highly misleading. Such an analysisislikely to underes-
timate the true production risk faced by farmers. Furthermore, the order of riski-
ness among crop activities is likely to change after these adjustments. Since the
methodology proposed in this paper is relatively simple and requires data which
are available in many developing countries, it can be applied to other situations
also. For a situation where some inputs (e.g., irrigation water) affect not only the
expected yield but also its variance, heteroscedastic production function modelsin
line with Just and Pope’ s method (1978, 1979) may be incorporated in our model .
Estimation results have also shown that the correlation between green fodder
profit and milk profit at the farm level is substantially negative because green fod-
der isthe most important input in milk production and its price isthe most volatile.
This negative correlation implies that it is advantageous, in terms of risk diversifi-
cation, to combine fodder production and milk production in one enterprise. This
study isthe first attempt to quantify this advantage for Pakistan’s agriculture.

In the past studies, especially those based on the farming-system approach or
mathematical programming (Byerlee and Hussain 1992; Perry 1982; Gotsch et al.
1975), the advantage of combining fodder and milk production in one farm has
been analyzed from the viewpoint of saving transaction costs of green fodder. The
conclusion in this paper will be reinforced by this traditional argument, namely,
when the price differential between selling and buying pricesis large, households
would find it more advantageous to combine the two activities. On the other hand,
the current study shows that this advantage exists even when the price differential
is negligible. The author’ s observations in the study villages suggest that the price
differential isnot large. It isacommon practice for farmersto trade green fodder in
villages at the price that equals market selling price minus transportation costs to
the market. Thisway of transactionsimpliesthat the buying pricein villagesis not
equivalent to the market price plus transportation costs, which is usually assumed

9 Preliminary application of Just and Pope’s method to the fitted residuals of the yield multiplier
model in this paper did not reveal significant heteroscedasticity with respect to inputs.
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in models with an emphasis on the price differential; on the contrary, selling and
buying prices of fodder in villages are approximately equal.

Kurosaki (1995a) has suggested that livestock contribute to households con-
sumption smoothing and that the rises in the share of the livestock subsector in
agricultural value added in Pakistan should have improved welfare positions of
poorer householdsin rural areas. This paper has quantified one of the mechanisms
whereby the combination of livestock and crop production is awelfare-improving
measure for risk-averse farmers. Findings in this paper have reinforced the claim
that awelfare component of diversification strategies of farmers should be consid-
ered in formulating agricultural and rural development policies in Pakistan.

Although the crop combination of basmati paddy (cash crop), wheat (staple
food), and fodder crops is specific to the study area, basic findings in this paper
regarding crop-livestock interactions are relevant for wider geographical areasin
South Asia. What is critical is the importance of dairy livestock activities carried
out in the backyard of farms as an important source of household income. There-
fore, for zones with a similar technology characterized by artificial irrigation and
mixed farming, such as those in other irrigated tracts in the Pakistani provinces of
Punjab and Sind, and the Indian states of Punjab, Haryana, and Western Uttar
Pradesh, the implications derived from this paper can be applied with minor adjust-
ments.
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