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ABSTRACT

Producers’ risk attitudes in Ramjerd district of Fars province were
estimated by wusing the nonstructual approach. The results indicated that, at
the population mean, these farmers were both Arrow-Pratt and downside risk
averse. Risk-aversion. coefficient can be used in the analysis of farmers’
behavior and preparing risk-efficient strategies for water and other

resources.
Kevy words: Agricultural production, Iran (Ramjerd), Nonstructural

estimation, Risk attitudes.
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INTRODUCTION

Agricultural production processes are naturally risky and farmers face
production risk from the weather, crop and livestock performance, and pests and
diseases, as well as government-controlled institutional risk. and personal or
human risk. These jointly with price or market risks, comprise business risk which
is further related to financial risk (6, 7. 10, 11, 12)

When farmers are risk-averse, as i1s naturally the case, they allocate controllable
in such a way as to decrease the impact of risk. Therefore, it may be important to
include risk in models of farmer behavior (6. 7, 10, 11, and 12).

The first step of this way is to determine the risk attitude of individual
agricultural producers. A variety of techniques have been expanded to measure the
risk attitudes of individual agricultural producers (1, 2, 5, 6, 9, 11, and 15). These
techniques may be classified into two main approaches: experimental and
econometric. The experimental approach, for example was used by Dillon and
Scandizzo (10) to elicit risk attitudes of subsistence farmers in northeast Brazil,
and by Binswanger (7. 8), and Quizon et al. (17) to analyze of fairly large-scale
experiment, with real significant payment, in rural India. The economic approach
has been used in a variety of situations. Moscardi and De Janvry (14) and
Shahabuddin et al. (19) used such an approach in which the decision- makers were

supposed to follow a safety-first rule. Antle (1. 2), Bardsley and Harris (4),
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Loveand Buccola (13), Pope and Just (16), Saha et al. (18) and Bar-shira et al. (6)
used an econometric method to examine the risk attitudes of decision — makers
assuming expected utility maximization. In present study, nonstructural approach
proposed by Antle (2) was used to estimate producers’ risk attitudes in Ramjerd
district of Fars province. This approach will be described below. This nonstructural
model needs less modeling assumptions than the structural model. Instead of the
detailed input quantity and price data necessitated in the structural method. the
nonstructural method uses pooled data on net returns and other observable feature
of the farm. Also, in the nonstructural method to risk attitude, the center of
attention in shifted from the individual to the population following the random
utility approach of Antle (1).

The first section of the paper describes the theoretical and econometric model.
The second section applies the econometric model to estimate risk attitudes in
Ramjerd district of Fars province and compares them with the results of other

studies.

MATERIALS AND METHODS

Theoretical and Econometric Model

To show the nonstructural approach. think about the case of a farmer with a
negative exponential utility function U (1) =l-exp (-2ym) with profit ® normally
distributed. The certainty equivalent (CE) is defined as the value of 7 that satisfies
U (CE) = EU (n). Taking the expectation and solving for CE, CE = p;-y1l2, where
Wi is the i-th moment of the profit distribution and v 1s the Arrow-Pratt absolute
risk aversion coefficient. The term vy, is labeled as the risk premium. Let us think
about the changes in CE from one period to another. Supposing the risk attitude
parameter v is fixed over time (Antle (2)): ACE = Ap,- yAwn
We can see that estimating an individual’s risk attitude parameter y in this model
is similar to measuring the trade-off between mean and variance at the same time
as holding utility constant with setting ACE =0 (Antle (2)).
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As a result of observing the trade-off between moments of the profit
distribution at the farmers mean, it is feasible to estimate risk attitude parameters
for the farmers because measuring risk attitude at the farmers mean is similar to
measuring the risk attitude of an individual along a risk-return indifference curve
(Antle (2)).

If we label profit to fixed factors of production for the j-th farm in the t-th

period as ;. the distribution of profit is (Antle (2)):
F(ml ),  j=L.....N | =1, ..., T [1]
Where i = ([iji. ..., Hmjt) 1S a parameter vector shows the profit distribution of
farmer j in year t. reminder that each farmer may have a distinct profit distribution
in each period. It is supposed that individuals can precisely assess their profit
distributions and that the form of the distribution is common to the farmers (Antle
(2)).

Risk attitudes can be supposed to vary across individuals and also differ over
time consequently the j-th farmer’s utility function is (Antle (2)):

Uje = U(mys, vir) [2]
Where yj; is a vector of parameters demonstrating the j-th individual’s risk
attitudes in period t. As a result, expected utility is:

[U(r, yj0) dF (7] o) = Ve 73 (3]

Each individual is supposed to make decisions in order to maximize expected
utility in each period. Therefore, the change in expected utility from period t to
period t+1 on is (Antle (2)):

AV, =Y Vi pn it
e [4]
With variables other than p;; held constant, the terms (AV;/Ap;;) are inferred as

discrete partial differentials,. Note that AV, calculates the change in utility for
individual j from period t to t+1. Therefore, if p,j is mean profits, AVj/Apj can be
defined as the marginal utility of mean profit. Scaling by AV;/Ap,;. equation [4]

can be converted from units of utility to money units (Antle (2)):
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< avjt >m= Zl’ ileijl
=] [5]
Where:
AV

< Avjl - . S
(av_ir / Ap]_it)

= (AV, /Ap,,)
(AV, /Ap,,)

D, =Au,,

The <AV; > are presumed to be distributed among the farmers in year t with
a mean g and variance o :
<AV >=60, +&g;,E[go;]=0

E[e5;]= o0y 6]

As revealed by Antle (1), the changes in utility because of changes in the profit
distribution can be associated with risk attitudes. Therefore, ry; can be interpreted
as estimation to the absolute Arrow-Pratt measure of risk aversion, and r3; can be
inferred as a rough calculation to an absolute measure of downside risk aversion.

Risk attitudes are supposed to be distributed among the farmers as follows
(Antle (2)):

l.lll = 91! + EI]l‘ E[SII[ ] = 0
Ee,]=0, (7]
Substituting [6] and [7] into [5]. we have:
enl + i ext D-;t = [
P [8]
Where:
© n = 8"|l - i a||l Dul
[9]

the left-hand side of [8] is defined as representing of systematic changes in
welfare over time among the farmers, Since the assumptions in [6] and [7] show
that E[®;] =0. Equation [8] illustrates that these systematic changes are attributed

to changes in the moments of individuals’ profit distributions and to other
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systematic changes in welfare symbolized by 6,. The random variation in welfare
changes is indicated by the error term ®;. Random changes in welfare are
decomposed into two parts: random variation in individuals® behavioral
parameters, represented by the €. =2, ..., m: and other random events
characterized by € based on equation [9] (Antle (2)).

One must be careful to use standardized units, in comparing risk attitude
estimates across regions. The 0, in [8] indicate mean absolute risk attitudes
between farmers. For instance 0, is an estimation of the mean absolute Arrow-
Pratt coefficient-U"/U’. So, The partial Arrow-Pratt coefficient -7(U"/U") is unit-
free because the units of this term are the reciprocal of the units of profit © (Antle,
1989). In view of the fact that both 7w and the Arrow-Pratt coefficient are random
variables among the farmers, their joint distribution must be estimated with the
purpose of verify the distribution of the partial risk-attitude coefficient. This can be
achieved by a suitable transformation of model [8]. Reminder that the rj; defined in
[5] are in units of ()" and the D are in units ()" therefore ryj Dy is in units of .
Consequently rjj {pU,)"' 1s unit free and D-.Jt{ph-t)l'i is in units of m. Hence, by
redefining the terms in [5] as (Antle (2)):

_ (AU, / Apy,)

|
o ot SRl 2 .
(Au_lmpm]"(”“-ul [T T)

[10]
D,y = A (b by, /2)

152 oo

The 6; can be defined as the farmers’ means of the partial risk-aversion
coefficients and the ojj; can be interpreted as the farmers’ variances of the partial
risk-aversion coefficients (Antle (2)).

Estimation of the moments of the profit distribution [1] and estimation of
equation [8] and [9] are required for econometric estimation of the 0;; . the v;; and
possibly other covariance’s(Antle (2)). In this study. the profit distribution is
characterized by its first three moments. The moments of the profit distribution are

assumed to be functions of a set of observed variables from each farm. The
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functions are presumed to be quadratic in land in crop, total amount of fertilizer
that is used in crop production, labor force input, and machinery input. The
estimation of the moments of the net return distribution is according to the method
given in Antle (1).

Equations [8] and [9] offer the foundation for the econometric estimation of the
parameters of the risk attitude distribution. In the rest of this section and in the
empirical results, it 1s supposed that mean risk attitudes. characterized by the
parameters 0, are constant over time in such a way that 6,=0; for all i and all t.
With the aim of interpret the model [8] in standard econometric from, it can be
written (Antle (2)):
=-0, —Z:QID“l +o,

D

I

Because 6,=1 in equation [8] and the parameter 6y is defined as a linear
function 0,=0,+d8,,. where d, is a vector of dummy variables to estimate year-
specific change in the mean welfare of the farmers. The model can be written in
the vector form as (Antle (2)):

D) = Dy0+o,

ji=1,...,N

where Dy is a (Tx1) vector, Dy is a (Txg) matrix of the Dy for farm j, 0 is the
corresponding (gx 1) vector of parameters, and ®; is the (Tx1) vector of the ;.
Including the Dy; and o; into (NTx1) vectors D, ande, and D,; into an (NTxg)
matrix D>, we can be write (Antle (2)):

D;=D:0+ o [11]

An suitable estimator can be made using the two-stage least squares version of
Hansen’s generalized method of moments (GMM) estimator to account for the
possible endogenity of the D .also for the no scalar structure of the covariance
matrix that may be induced by the random coefficient structure of the model
because in this model the error term ® shows variation across individuals and over

time due to differences in risk attitudes. Under the supposition that the error
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vectors @; are uncorrelated with a vector of variables y;, the estimator of 0 is
described as (Antle (2)):

0°=(W'Dy)" W'D,

Where

W=Y(Y'Y)'Y'D,

and Y is the matrix including the vectors Y; . organized so as to be consistent with
the definition of D, (Antle (2)).

Data:

The data used in this study were collected from a sample of forty farmers
during four years (1988-92). To select the sample, two-stage cluster sampling was
used. At the first stage eight villages were selected from Ramjerd district. In the
second stage. by using a systematic random sampling method. forty farmers were
selected for interview. The interview was repeated for four successive years
starting in 1988. Thus, 160 observations were used for the estimation of the net
return distribution (first three moments). After estimating the net return
distributions and putting them in difference form for estimation of the risk-attitude
equation, there were three observations over time for each sample farm. Thus, 120
observations were used for the estimation of the risk-attitude equation. In practice
due to econometric problems only 138 observations were used for the estimation of
the net return distributions and 110 observations were used for the estimation of
the risk-attitude equation.

Two kinds of information are required to estimate the models of this study.
First, data correlated with net returns are needed to estimate the net return
distribution. Variables measuring land in crop, total fertilizer quantity used in crop
production, machinery input, labor force input, would be appropriate. The
moments of the net return distributions were assumed to be quadratic functions of
these variables for each farm.

Second, a set of instrumental variables in required for estimation of the distribution

of risk attitudes. These instruments should be correlated with net returns, but at
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least in the limit, uncorrelated with risk attitudes. In this study, the instruments

were farm size, acreage, annual dummy variables and farmer education variables.

RESULTS AND DISCUSSION
Parameters of the various moments were estimated by using general least

squares (GLS) method. The results are presented in Tables I, 2 and 3.

Table 1. GLS estimates for parameters of the first moment.

Variable Coefficient Standard error t-value Significancet
Constant 2334.698 20851836 0.078 NS
(Land) 6221.538 804.429 7.734 44
(Fertilizer) 0.007 0.002 3.172 i
(Machinery) -70.630 31.787 -2.222 *
(Labor) 8310 2.582 3218 e
(Rain) -67.267 163.362 -0.412 NS
(Land): -42.030 10614 -3.960 5%
(Fertilizer)® -2.872E-06 1.0692E-06 -2.687 **
(Machinery)* 0.061 0.014 4327 Ll
(Labor)’ -1.775E-03 7.194E-04 -2.467 **
(Rain)’ 0.142 0.214 0.665 NS
R-=0.973 Significance: T *EE = 1% level

R*=0971 ** = 5% level

F = 507.566 * = 10% level

Significance F = 0.0000 NS = Non-significant

Number of observations = 138

All moment functions were highly statistically significant. The estimated
regression for the first moment of the net return distribution has an R* value of
0.973 indicating that 97.3% of the first moment variation is explained by the
explanatory variables. Most variables had significant influence on the first moment
but rain did not have a significant effect on this moment. The R* value of the
second moment of the return distribution was 0.747 with a high level of
significance. All variables had significant influence on this moment. The R* value
of the third moment equation was 0.22. In this equation also most of variables had
a significant coefficient. After estimating the net return distribution they were put

in difference form for estimation of the risk attitude Eq. [11]. Because. neither a
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block-heteroskedastic nor a diagonal heteroskedastic covariance condition was
supported by the data, a scalar covariance matrix was supposed for the final model

specification.

Table 2. GLS estimates for parameters of the second moment

Variable Coefficient Standard error t-value Significancet
Constant -68860723401 349328653 -1.971 i
(Land) -38506828.42 9413494.05 -4.091 et
(Fertilizer) 424.197 210.304 2,017 ek
(Machinery) 2421084939 371977.796 6.509 **
(Labor) 87823 440 30214.502 2907 s
(Rain) 3715693424 191178.027 1.944 S
(Land)’ 74216.545 124210.005 5.967 *
(Fertilizer)® -7.510E-04 1.1980E-04 -3.793 pxe
(Machiner_\'}: -1341.561 164.109 -8.175 ¥+
(Labor)’ -19.402 8418 -2.305 waEE
(Rain)’ -5281.044 2512.873 -2.102 ———
R =0.747 tSignificance: % = 1% level

R*=0.727 ** = 5% level

F=3447 *=10% level

Significance F = 0.0000
Number of observations = 138

A non-IV estimator was used to produce the results presented below because
the test for simultaneous bias did not reject the non-IV estimates in favor of the IV
estimates. In other words, the failure to reject the hypotheses of a scalar
covariance matrix and no simultaneous bias denotes that the data did not afford

strong evidence against the use of the ordinary least squares (OLS) estimator.
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Table 3. GLS estimates for parameters of the third moment

Variable Coefficient Standard error t-value Significancet
Constant -2.550E+12 2. 114E+13 -0.121 NS
(Land) 1.732E+12 5.698E+11 3.04 b
(Fertilizer) -349964.589 163613 400 -2.139 E
(Machinery) -46294666404 -2.056 "
(Labor) 4200159808.1 8866245 2.297 "
(Rain) -9772757658 1.159E+11 -0.084 NS
(Land)’ -293992102691 7518359469 -3.909 *
(Fertilizer)” 2.356 0.980 2.392 **
{Mnchincr_\'): 26714387367 9933406-798 2.689 e,
(Labor)’ -905426.634 509569.159 -1.77 *
(Rain)* 31940439.882 152102750.7 0.210 NS
R-=10.220 +Significance: #% = | percent level
R*=0.158 *#% = 3 percent level

F=3.579 * =10 percent level

Significance F = 0.0000 NS = Non-significant

Number of observations = 138

Table 4 illustrates OLS estimates of the model [11] using the data conversion
defined in Eq. [10]. The parameter estimates of 0, and 6; were used to calculate the
Arrow-Pratt and downside partial risk-aversion coefficients. Because these
coefficients are obtained based on the formulas AP = -20, and DS= 665, the mean
Arrow-Pratt (AP) and downside (DS) partial risk- aversion coefficients for
Ramjerd district are 0.622 and 0.072. respectively. Therefore, the results indicate
that at the population mean, the decision makers in study district are both Arrow-
Pratt and downside risk- averse. Moreover, the Arrow-Pratt and downside partial
coefficients are statistically significant at greater than 1% and 10% levels,
respectively. The time dummy parameters in the model determine welfare change
from one period to another at the population mean. The results provide support of
significant movement in aggregate welfare in the year 1991. For comparison, Saha
et al. (18) estimated the measure of relative risk-aversion for Kansas wheat farmers
to be 5.4 and Antle (1) estimated the measure of partial risk aversion of Indian
farmers to be in the range of 0.19 to 1.77. Binswanger (7) reported similar results.

His estimated measure of partial risk aversion was between 0.32 and 1.72 for the
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majority of the individuals. Bar-shira et al. (6) estimated the measure of partial
risk-aversion of Israeli farmers to be in the range of 0.04 to 0.52. Thus, our sample
of Ramjerd district farmer falls in the Antle (1. 2) and Binswanger (7) range but
exhibits a higher degree of partial risk aversion than the Israeli farmers as reported
by Bar-shira et al. (6).

Table 4: OLS estimate of the risk attitude model.

Parameter Coefficient Standard error t-value Significancet
Constant -0.438 0.521 -0.841 NS
0- -0.311 0.109 -2.850 b g
0, 0.012 0.006 1.984 ¥
Time dummies

1990 -0.401 0.479 -0.837 NS
1991 3413 0.855 3.991 g
R™= 0460 1Significance: #5% =1 % level

R*=0.392 ** =5 %level

F=22.361 *=10%level

Significance F = 0.0000 NS = Non-significant

Number of observations = 110

CONCLUSION

In this paper producers’ risk attitudes in Ramjerd district were estimated by
using the nonstructural approach proposed by Antle (2). The results indicated that
the mean Arrow Pratt (AP) and downside (DS) partial risk-aversion coefficients for
farmers in the Ramjerd district are 0.622 and 0.072, respectively. Thus. the
decision-makers at the population mean are both Arrow-Pratt and downside risk
averse. When farmers are risk-averse, they are expected to put a premium on
production methods that decrease risks. Consequently, these coefficients can be
used in the analysis of farmers’ behavior and for preparing risk-efficient strategies
of water and other resources. In addition, the coefficients can be used to estimate

benefits due to risk reduction.
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