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ABSTRACT

This research examines the predictability of a profit maximization model, an expected
value-variance utility maximization (E-V) model, and two versions of the target-MOTAD
model for modeling risky agricultural production decisions. Model solutions were trans-
lated into expected value and variance of farm income for analysis. Direct comparison and
chi-square analysis of actual and predicted expected income distributions were used in the
analyses. It was concluded that the utility maximization and cash-cost target-MOTAD
models predicted distributions of farm income better than the variable-cost target-MOTAD
and profit maximization models.

Key Words: decision models, expected utility maximization, farm income, profit maxi-
mization, target-MOTAD.

The role of risk in agricultural behavioral and
decision models is generally recognized today,
but applied researchers do not agree on the
appropriate methodology for incorporating
risk in decision-making models. The purpose
of this study is to evaluate alternative decision
models that incorporate risk. Profit maximi-
zation, the risk-neutral model, is included for
completeness. Determination of the more ap-
propriate model in terms of predicting farm-
ers’ choices will allow policy makers to more
effectively formulate programs to achieve spe-
cific objectives.
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Importance of Risk

Studies of farmers’ economic rationality in de-
veloping countries using Cobb-Douglas pro-
duction functions and cross-section data have
concluded that farmers act as profit maximiz-
ers within their technological and institutional
constraints (Hopper; Yotopolus). This ap-
proach has been criticized because methodol-
ogies explicitly incorporating risk considera-
tions are probably a more realistic basis for
making policy recommendations directed at
modernization of traditional agriculture (Dil-
lon and Anderson). Wolgin concluded that tra-
ditional (profit maximization) tests of econom-
ic efficiency in agriculture are generally
misspecified if farmers are making decisions
in the presence of risk.

The omission of risk in farm-level decision
models of traditional agriculture may lead to
results that bear little if any semblance to
farmers’ actual behavior. Agricultural decision



382 Journal of Agricultural and Applied Economics, December 1996

models not including risk considerations may
overestimate output levels of risky crops and
fail to recognize the importance of diversifi-
cation in traditional agricultural production
systems (Wolgin). Ignoring risk may also lead
to overvaluation of some inputs and incorrect
prediction of technology choices (Hazell).

Empirical applications of behavioral mod-
els and theoretical considerations indicate the
importance of incorporating risk into analysis
of farmers’ decision making. Risk from envi-
ronmental, market, and policy factors will al-
ways exist in agricultural decision making
(Mapp et al.) and it is an important consider-
ation in agricultural decision making (Ander-
son, Dillon, and Hardaker; Roumasset; Barry).

Decision-Making Models Incorporating
Risk

Risk concepts, and hence risk models, are

classified into three major categories: (a) those
requiring no probability information, (b) safe-
ty first, and (c) expected utility maximization
(Young).

The class of models requiring no probabil-
ity information is commonly referred to as
game theoretic. These types of models assume
that decision makers have no objective infor-
mation or subjective feelings about the prob-
abilities associated with alternate outcomes, or
that they totally ignore whatever information
they may have. The theoretical weaknesses
and practical limitations of game-theoretic
models have been well established (Halter and
Dean; Young).

Safety-first models of decision making un-
der risk have considerable appeal, both from
theoretical and practical perspectives, and are
often specified as lexicographic. Safety-first
models specify that a decision maker first
chooses those actions that will satisfy some
preference for safety. A profit- or utility-ori-
ented objective function is followed after sat-
isfying the safety goal. Target-MOTAD (mean
of the absolute deviations) models are fre-
quently used to represent the safety-first class
of preferences (Robison et al.; Young).

Expected utility maximization models are
theoretically appealing. A polynomial function

of the probability distribution moments is
commonly used to depict risk in these models
(Anderson, Dillon, and Hardaker). However,
the question of how many moments are re-
quired to reflect the true nature of risk remains
unanswered. One practice in empirical studies
has been to assume that the true nature of risk
can be represented by the variance of the prob-
ability distribution, and hence, a quadratic util-
ity function. This specification is referred to as
the E-V (expected value-variance) model. Us-
ing this simplified quadratic formulation, the
variance is an unambiguous, single-dimen-
sional index of risk—a characteristic many ap-
plied researchers find appealing (Young).

An alternative approach to decision analy-
sis is stochastic dominance. This methodology
entails the search for an efficient set of deci-
sions in the sense that they are undominated
and hence are admissible as potential solu-
tions. The hope is that the undominated set of
decisions will be small or closely confined.
The undominated set will tend to be smaller
if more is known (or assumed) about prefer-
ences (Anderson, Dillon, and Hardaker, p.
281). Stochastic dominance is not considered
in this study because it relates the whole prob-
ability distribution to the decision variables.
This can be a very demanding task unless
rather specific families of distributions are
used. In addition, the use of stochastic domi-
nance entails the abandonment of the quest for
optimal decisions (Anderson, Dillon, and Har-
daker, p. 177).

Models Used in This Study

The primary concern of the present study is to
shed some light on the ability of alternative
decision models that incorporate risk to pre-
dict the actual behavior of risk-averse farmers.
The expected utility and safety-first classes of
models were represented in this study. A profit
maximization model was also included in the
analysis as a point of reference. Profit maxi-
mization assumes a linear utility function (the
dispersion of the expected returns is not a fac-
tor in farmers’ choices). A game-theoretic
model was not included in the analysis be-
cause it has been demonstrated by others that
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these types of models are lacking from theo-
retical and practical perspectives (Young). Sto-
chastic dominance was not included because
it does not give a predicted optimum farm
plan.

The E-V model is used to represent the
utility maximization class of models. It is pos-
sible to use a portfolio choice model to explain
whole-farm planning under uncertainty (Mar-
kowitz). The portfolio model utilizes a trade-
off between a measure of expected return and
variance as a measure of risk to explain port-
folio choice. An efficient set of farm plans can
be calculated by minimizing variance of ex-
pected returns for predetermined levels of ex-
pected returns using the following quadratic
programming model.

Minimize: v = 2, Zj Utix,x,

Subject to: 2, A,jXj ~ b, V k,

Zj CjX, = U*

where V is variance of total expected income;
Cj is expected gross margin per unit of crop j;
XJdenotes units (area) of crop j; Uyis variance
when i = j, and covariance otherwise; Akj is
resource k requirement for one unit of crop j;
b~ is amount of resource k available; and a is
the expected income parameter (varied para-
metrically to determine efficient frontier).

All parameters except the variances, co-
variance, and a are standard for programming
models. The parameter a is varied parametri-
cally to find an efficient frontier in terms of
expected returns and associated variances of
expected income. The model is composed of
expected returns, Cj, and their variance-co-
variance matrix, Utis. The strength-of-convic-
tion technique was employed to estimate sub-
jective probability distributions that were used
to indicate the risk associated with choice al-
ternatives for each farmer (Debrah and Hall).
The efficient frontier is used in conjunction
with a utility function to determine the optimal
farm plan (Robison and Brake).

The preference functions required to find
the optimal solution in expected value-vari-
ance space were derived using the modified
von Neumann-Morgenstern approach function

(Anderson, Dillon, and Hardaker). The use of
quadratic functional form allows classification
of farmers into risk-averse and risk-preferring
categories based on the sign of the coefficient
of the squared term. This approach has been
used for Australian pastoralists (Francisco and
Anderson), Malaysian fruit growers (Mohayi-
din), and Nepalese rice farmers (Anderson and
Hamal). It is recognized that this approach
does have potential bias. Instrument and inter-
viewer bias are two of the major sources (Rou-
masset; Binswanger; Robison). Direct elicita-
tion was used despite these potential pitfalls
because of time and resource constraints. In-
strument bias was reduced by pre-testing the
questionnaire, and interviewer bias across ob-
servations was minimized because one indi-
vidual conducted all the interviews.

Farm decision makers frequently associate
risk with the failure to attain some given target
return (Roumasset; Patrick et al,). Target-MO-
TAD models belong to the class of safety-first
models that represent risk as the absolute val-
ue of negative deviations from some target
level of return (Fishburn). The target-MOTAD
model (Tauer) was specified as follows:

Maximize: z = z, C,x,

Subject to: ~, A~,X, ~ b, V k,

T–~l CVXj– N,~O ~t,

2, P#t = 6,

Xj, N, 20 V j, t,

where Z is total expected income, C, is ex-
pected gross margin per unit of crop j, Xj
denotes units (area) of crop j, AMis resource k

requirement for one unit of crop j, b~ is
amount of resource k available, T is target in-
come level, N, is deviation below target for
state of nature t, P, is probability of state of
nature t, and 8 is the risk constant parametri-
zed from zero to a large value.

Two target income levels, T, were used in
this study. They were farm cash cost and farm
variable cost of production. Cash cost was de-
fined as the expected annual monetary obli-
gation associated with farm production. Vari-
able cost was defined as cash cost plus
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imputed value of nonpurchased variable in-
puts. Both of these safety-first concepts are re-
lated to short-run survival, which appeared to
be an important consideration among the
farmers in the study. Other researchers have
defined the target income level as some form
of annual debt servicing plus estimated living
expenses (Rawlins and Bernardo; Prevatt et
al.). However, most of the food is produced on
the farm in developing countries.

Optimal farm plans were determined by
varying & The optimal farm plan corresponds
to the lowest possible value of 8, or the small-
est sum of the negative deviations from the
target income level. If the level of 8 associated
with the optimal farm plan is zero, the optimal
solution meets a strict safety-first criterion.

Finally, risk-neutral behavior was consid-
ered in the analysis for completeness. A profit
maximization model was used for this case. It
can be considered a simplification of either the
E-V model or the target-MOTAD model. The
profit maximizing programming model was
specified as follows:

Maximi2e: z = C,x,

Subject to: ~, A,,X, ~ b, V k,

2,20 ‘dj,

where Z is total expected income, C, is ex-
pected gross margin per unit of crop j, Xj de-
notes units (area) of crop j, Akj is resource k

requirement for one unit of crop j, and b~ is

amount of resource k available.

Comparison of Farm Plans

A common denominator had to be used to
compare the optimal farm plans derived from

the E-V, target-MOTAD, and profit maximi-

zation models to the observed farm plans.

Crop activity levels, X,s, were ruled out as the

common denominator for presentation of the

results since some were equal to zero in some

predicted or actual farm plans. Zero-valued

observations would have eliminated the pos-

sibility of using the chi-square goodness-of-fit

test to determine which model best predicted

farmer behavior. The optimal plans of each

model were translated into expected value and
variance of farm income because the income
distribution is probably the best single char-
acteristic of a farm plan (Lin, Dean, and
Moore), This involved translating crop activity
levels from the target-MOTAD and the profit
maximizing models into expected incomes and
variances. The expected incomes came direct-
ly from these models. The variances of the
expected incomes were calculated as follows
(Elton and Gruber):

v = 2( I+x: + 2, 2, U,,xix,,

where u? is variance of crop i, and cr,jdenotes
covariance between crops i and j, i # j.

The testing procedure used here follows
that of Lin, Dean, and Moore in their study of
decision making among California farmers.
The chi-square goodness-of-fit test was used
to judge if the income distributions of actual
farm plans were significantly different from
those predicted by the behavioral models. Be-
fore calculating chi-square values, the vari-
ances of the income distributions were con-
verted to standard errors to provide equivalent
units of measurement in the two dimensions
of the income distributions. Chi-square values
with one degree of freedom for each obser-
vation were calculated as follows:

where i is expected value and standard devi-
ation, f. is the observed income distribution,
and fe is the income distribution of the pre-
dicted farm plan.

The calculated chi-square values were sub-
sequently compared across models. This pro-
vided a joint test of which model more closely
predicted actual behavior as measured by ex-
pected income and its standard deviation. The
chi-square values were also used for pair-wise
comparison of the alternative decision models.

The Research Setting

Growth in Thailand’s agricultural production
has been impressive over the past two decades.
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However, much of this growth has been accom-
plished by increasing the cultivated area rather
than per unit of land productivity. For instance,
rice production increased from 15,068,000 met-
ric tons (1976-77) to 20,601,000 metric tons
( 1989–90), representing an increase of approx-
imately 35%. Most of this growth was directly
attributable to a 20% increase in land area dur-
ing the same period. Production per unit of
land, on the other hand, only increased about
13% over this period. The growth in agricul-
tural production over this time frame coincides
with the goal of the government to increase ag-
ricultural production, but the introduction of
new lands into agricultural production cannot
continue indefinitely. The latest crop year sur-
vey (1990–91 ) indicates that only 28% of the
forest lands remain undeveloped (Thailand
Ministry of Agriculture and Cooperatives).

Recognizing the dwindling supply of un-
developed lands and the importance of achiev-
ing optimal use of land resources, the Farming
Systems Research Institute (FSRI) was found-
ed in Thailand in 1982, The FSRI has con-
ducted multi-location testing to determine the
feasibility of alternative agro-economic sys-
tems to increase and stabilize production and
incomes of farmers in rainfed production ar-
eas.

A mung beanhice rotation has been con-
sidered a “mature technology” 1 to increase
and stabilize production and incomes in rain-
fed areas since 1986. The government of Thai-
land has attempted to encourage adoption of
this “mature technology.” Programs including
increased information through extension and
cost reduction, such as seed exchange activi-
ties, have been implemented. However, wide-
spread adoption of the mung beanh’ice rotation
system has not occurred. Adoption of the
mung beanhice rotation system of production

1The FSRI has conducted tests for the mung beard
rice rotation cropping alternative in northern Thailand
and found it to be biologically feasible in the area. The
technology comes in a package that includes improved
seed varieties, seed treatment (rhizobium and insecti-
cide), and recommended cultural practices. The tech-
nology has also been deemed economically preferable
to the traditional cropping system based on partial en-
terprise budgeting (Suppapanya, p. 114).

is sporadic, even within a small geographic
area. This case is a good example of farmers
having similar production environments and
access to technology and information to in-
crease expected income. Some farmers choose
to adopt the technology while others do not.

Study Areas

The study sites chosen were in the Maejai and
Dokkhamtai Districts of Phayao Province in
northern Thailand. The mung beardrice rotation
technology was introduced in 1986, and has
been actively promoted by the government
since that time in both districts. The two sites
are within the purview of the same FSRI re-
searcher who could help identify farmers for
the sample. The districts have somewhat dif-
ferent physical production environments. These
might have an impact on farmers’ decisions re-
garding the adoption of the mung beanhice ro-
tation technology. The Maejai District is clas-
sified as a medium stable production area,
while the Dokkhamtai District is classified as a
less stable production area by the FSRI.

Both districts have adequate rainfall and
soil moisture during the main cropping season,
followed by a definite dry season of at least
two months. The dry season is more pro-
nounced in the Dokkhamtai District. The Mae-
jai District has slightly more rainfall on aver-
age and better soil moisture retention,
resulting in a higher productivity classification
(Pathanothai).

Sample and Data

Purposive sampling was used in this study. Al-
though it is not as preferred as some other
sampling procedures, standard texts in sam-
pling recognize purposive sampling as a valid
technique under the right conditions. However,
the method is not amenable to the develop-
ment of sampling theory. Having an expert se-
lect a number of “typical” units (purposive
sampling) may be the best technique available
when the population is heterogeneous and the
researcher is able to select only a small sample
(Cochran; Kish). An FSRI researcher’s exper-
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Table 1. Average Expected Gross Return and Variances from Crop Production

Maejai District Dokkhamtai District

Crop Gross Margin Variance Gross Margin Variance

(Baht*/Hectare) -----------------------
Rice 11,022 1,373,962 9,880 1,084,237
corn — — 6,589 286,137
Paddy Mung Bean/Rice 11,022 1,373,962 9,880 1,084,237
Upland Mung Bean — — 4,767 633,962
Garlic 29,554 26,837,594 30,294 18,318,008
Ginger 46,724 93,948,154 — —

* Baht = basic monetary unit of Thailand.

tise was used to identify the typical observa-
tions for the purposive sample.

Care must be taken when interpreting the
results of a purposive sample since statistical
inferences to an overall population are ques-
tionable. A total of 60 observations, 31 from
Maejai and 29 from Dokkhamtai, were select-
ed. This sample included 30 adopters and 30
nonadopters of the mung beanhice rotation
cropping alternative.

Production and financial situation, socio-
economic characteristics, and risk perceptions
and attitudes of individual farmers were col-
lected in the survey. (A detailed listing of in-
formation elicited from each surveyed house-
hold is provided in the appendix.) The
individual farm production and financial data
were used to determine the model parameters
for each farmer. The data on risk perceptions
and attitudes were used to specify the proba-
bilities and the objective functions for the in-
dividual farmers.

Sample Descriptive Summary

The sample mean and variance of expected re-
turns for each possible crop are presented by
district in table 1. Ginger, which has the high-
est expected return, can be grown only in the
Maejai District.

The socioeconomic characteristics of the
sample farmers were similar in the two dis-
tricts. A summary is presented in table 2. The
average age (45 years), level of formal edu-
cation (< 5 years), and household size (4.6
members) were the same in both districts.
There was slightly more dispersion of age and

household size in the Maejai District than the
Dokkhamtai District. The average farm size
was found to be 3.4 hectares in Maejai and
5.4 hectares in Dokkhamtai.

Forty-two of the farmers in the sample
were classified as risk averse and 18 as risk
preferrers based on the second-order coeffi-
cient of the quadratic utility function. Only the
risk-averse farmers were included in the be-
havioral analysis.

Table 2. Sample Socioeconomic Characteris-
tics

Dokkhamtai
Maejai District District

Characteristic (%) (%)

Age (years)

<30 9.7 3.4
30–39 22.6 17.2
40–49 32.3 58.6
50-59 19.4 17.2
>59 16.1 3.4

Education (years school)

<5 77.4 82,8
5–7 9.7 10.3
>7 12.9 6.9

Household Size

<4 35.5 10.3
4–5 35.5 75.9
>5 29.0 13!7

Farm Size (hectares)

< 1.8 16.1 6.9
1.9–4.0 58.1 37.9
4. 1–6.5 16.1 31.0
6.6-8.9 6.5 13.8
> 8.9 3.2 10.3
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Table 3. Expected Income from Actual Farm
Plan vs. Predicted Farm Plans

Model

Profit Target-MOTAD

E-V Maxim- Cash- Variable-
Category Utility ization cost cost

-------- (No. of Farms) ---------
Maejai District

Higher 17 20 17 14
Equal 2 2 2 2
Lower 3 0 3 6

Dokkhamtai District

Higher 16 17 11 15
Equal 2 3 2 1
Lower 2 0 2 4

Combined Districts

Higher 33 37 28 29
Equal 4 5 4 3
Lower 5 0 5 10

Note: The numbers in this table refer to the number of
observations for which the expected income from the be-
havioral models are higher than, equal to, or lower than
the expected income generated from the farm plan actu-
ally observed.

Results of the Analysis

Analysis results are presented by individual
district as well as for the combined districts
because of slight climatic and potential crop
choice differences. However, overall conclu-
sions and implications are similar for the in-
dividual and combined scenarios. Discussion
focuses on the combined sample results since
the differences between districts did not no-
ticeably influence the predictability of models
in most cases. However, the noticeable differ-
ences between districts are identified in the
discussion.

Income distributions from the predicted
farm plans were compared to the income dis-
tributions from the actual farm plan to judge
the ability of the alternative models to predict
actual farmer behavior. Table 3 provides a
summary of the comparison of expected in-
comes from the predicted and actual farm
plans. Predicted farm plans can result in ex-
pected incomes greater than, equal to, or less
than the expected incomes from the actual

Table 4. Frequency of Models Judged “Best”

Com-
Dokk- bined

Maejai hamtai Dis-
Model District District tricts

--- (No. of Farms) ----
E-V Utility 8 6 14
Profit Maximization o 0 0
Cash-Cost Target-

MOTAD 1 3 4
Variable-Cost Target-

MOTAD 7 2 9

Total 16 11 27

Notes: “Best” is defined as the model predicting the farm
plan with an income distribution nearest the income dis-
tribution of the observed actual farm plan as measured by
the chi-square value. The total numbers are less than those
shown in table 3 because ties are not reported.

farm plans. There is a tendency for all of the
behavioral models to predict farm plans that
yield higher expected incomes than do the
farm plans actually implemented by farmers
(table 3). The profit maximization model was
the worst offender.

To extend the analysis, one behavioral
model was judged a “best” predictor for each
observation using the chi-square goodness-of-
fit test. A summary of the number of cases in
which each of the models was judged best is
presented in table 4. The E-V model per-
formed best in 14 out of 27 cases. This was
followed by the variable-cost target-MOTAD
model with a frequency of 9, the cash-cost tar-
get-MOTAD model with 4, and the profit
maximization model with O. None of the risk-
averse farmers’ behaviors could be adequately
modeled using a profit maximization model.
These results strongly indicate that across-the-
bonrd application of the profit maximization
model is not advisable when modeling agri-
cultural decision making.

A pair-wise comparison of the alternative
models was made in an attempt to further clar-
ify the desirability of the alternative models.
The results are presented in table 5. The find-
ings suggest that the E-V model is the best in
predicting cropping patterns that give income
distributions consistent with those of the ob-
served cropping patterns. This model consis-
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Table 5. Frequency of Pair-Wise Predictive Ability Comparisons

More Successful Modela

E-V Profit
Target-MOTAD

Less Successful Model Utilitv Maximization Cash-Cost Variable-Cost

Maejai District (n = 22)

E-V Utility
Profit Maximization
Cash-Cost Target-MOTAD
Variable-Cost Target-MOTAD

Dokkhamtai District (n = 20)

E-V Utility
Profit Maximization
Cash-Cost Target-MOTAD
Variable-Cost Target-MOTAD

--------- No. of Observations (percent)b ------------

— 3 (14) 5 (23) 9 (41)
10 (45) — 3 (14) 10 (45)
10 (45) 2 (09) — 10 (45)
10 (45) 2 (09) 3 (14) —

2 (lo) 4 (20) 5 (25)
8 (40) — 5 (25) 3 (15)

10 (50) 7 (35) — 3 (15)
12 (60) 5 (25) 7 (35) —

Combined Districts (n = 42)

E-V Utility — 5 (12) 8 (21) 14 (33)

Profit Maximization 18 (43) — 8 (19) 13 (31)

Cash-Cost Target-MOTAD 20 (48) 9 (21) — 17 (40)

Variable-Cost Target-MOTAD 22 (52) 7 (17) 10 (24)

‘ Based on the calculated chi-square value for predicted versus actual farm income distribution.
bExcludes those observations for which two or more of the models yielded identical optimal farm plans. Numbers in
parentheses are percentages.

tently outperformed other models in the pre-
diction of observed farm plans by more than
40% (individual and combined districts) when
the models were compared pair- wise.

The E-V model predicted the observed ex-
pected income distribution better than the prof-
it maximization, cash-cost target-MOTAD,
and variable-cost target-MOTAD models in
439?0,48910,and 527. of the cases, respectively,
in the combined districts. Further, this result is
similar for each individual district.

The variable-cost target-MOTAD model
was second, with better predictions than the
E-V utility maximization, profit maximization,
and cash-cost target-MOTAD models in 33910,
31 ?4.,and 4090 of the cases, respectively, for
the combined districts. The variable-cost tar-
get-MOTAD model predicted equivalent to
the E-V model in the Maejai District. It did
not predict nearly so well in the Dokkhamtai
District, where predictability was more in line
with that of the cash-cost target-MOTAD and
profit maximization models. This may indicate
that farmers in the two districts have different

behavioral characteristics underlying their de-
cision-making framework.

One difference that might influence farmer
behavior is the production of ginger in the
Maejai District, but not in the Dokkhamtai
District. Ginger is a very high-value cash crop
that requires substantial amounts of capital for
purchased inputs. Farmers growing ginger of-
ten find it necessary to borrow the funds nec-
essar y to purchase the inputs. These farmers
may indeed have a stronger safety-first com-
ponent to their decision making in terms of
production loan repayment capacity.

The profit maximization and cash-cost tar-
get-MOTAD models predicted poorly for both
the combined and individual districts.

Limitations

This study has a number of limitations. These
include number and selection of observations,
elicitation methods, and limited scope. The
sample was formulated as a purposive rather
than probability sample. Although the tech-
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niques used for eliciting risk perceptions and

attitudes are frequently used by researchers,

they are not without limitations. The classifi-

cation of decision makers into risk-averse and

risk-preferring groups depends on the tenabil-

ity of the methodology and assumptions re-

quired to derive the utility functions. Only

risk-averse decision makers and a small

number of models and variations thereof were

considered in this analysis.

These limitations exist because of time and

resource constraints. They are important con-

siderations for any interpretations and conclu-

sions based on the results presented above.

The purposive sample framework makes sta-

tistical inferences regarding the population in-

valid.

Summary and Conclusions

Many alternative models have been developed
in attempts to explain farmer decision making
in a risky production environment. These
modeling endeavors can be differentiated ac-
cording to the risk concept embodied in the
alternatives. TWO basic risk concepts were
considered in this study—safety first and ex-
pected utility maximization. The target-MO-
TAD model was used to represent the safety-
first classification. Two different target levels,
cash cost and variable cost, were used in the
target-MOTAD model. The E-V model was
used to represent the expected utility classifi-
cation. A profit maximization model was in-
cluded to represent the risk-neutral situation.
The criterion for how well models explained
farmer behavior was the difference between
income distributions from the predicted and
actual farm plans.

The technical production coefficients and
resource constraints were derived through
farmer interviews, The modified von Neu-
mann-Morgenstern approach was used to elicit
risk preferences of the decision makers. The
strength-of-conviction technique was used to
estimate the individual subjective probabili-
ties, After determining optimal farm plans us-
ing each of the four models considered in this
study for each farm observation, all solutions
were translated into expected value and stan-

dard deviation of farm income for compari-
sons. A chi-square goodness-of-fit test was
used to judge which model was the best pre-
dictor.

Little can be said about the adoption of the
mung beanhice rotation technology in north-
ern Thailand due to the nature of the sample.
However, the results do provide insights into
the modeling of farmers’ choices. This study
supports previous evidence that risk should be
explicitly taken into account. Some guidelines
regarding the choice of decision models in-
corporating risk do appear valid.

The expected incomes from the farm plans
predicted by all the models tended to be higher
than the expected incomes from the observed
farm plans. The E-V model was generally
found to be a better predictor of observed farm
income distribution than other models based
on a chi-square goodness-of-fit test. This con-
clusion is in agreement with findings reported
by other researchers (Lin, Dean, and Moore;
Herath, Hardaker, and Anderson; Anderson
and Hamal). The predictive ability of the E-V
model was closely followed by the variable-
cost target-MOTAD model. The profit maxi-
mization and cash-cost target-MOTAD models
performed about equally poorly in predicting
farm plans that yielded income distributions
similar to those of the observed farm plans.

The selection of the target level in a target-
MOTAD model appears to be crucial, and is
definitely subjective. The present study fo-
cused on short-term survival. Other research-
ers have focused on debt servicing, have asked
the decision maker to specify a target level, or
have parametrically varied the target level.
Target-MOTAD models do have considerable
empirical appeal in modeling farmer decision
making under risk. However, there are really
no clear guidelines on the appropriate speci-
fication of the target level or levels for the
model. Specific research is needed in this area.

Some form of risk consideration exists in
farmers’ decision-making processes, although
the exact nature of the incorporation of risk by
farmers is unclear at this point. It maybe some
form of expected utility maximization, safety-
first criterion, or some combination of the two.
Incorporation of risk into the decision-making
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process by farmers may vary across groups
and individuals depending upon the technical
and economic environment, and attitudes of
the farmers. Both the E-V and target-MOTAD
models have considerable theoretical and em-
pirical appeal, and both need to be investigat-
ed more thoroughly as models of farmers’
decision-making processes.
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Appendix

The information elicited from each interviewed
household included the following:

(1) Socioeconomic characteristics: household size,
education, age, and off-farm employment.

(2) Inventory of assets: land, water availability,

livestock, and equipment.

(3) Information by crop: types and amounts of out-
puts and inputs including labor, and prices of
outputs sold and inputs purchased.

(4) Decisionmaker’s risk perception, including
both yield and price factors.

(5) Decisionmaker’s risk preferences.
(6) Income from off-farm employment.
(7) Household expenditures.
(8) Credit information: amount, interest, and terms

of outstanding debts.




