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ABSTRACT

Farmers, particularly in developing countries, operate in an
uncertain decision making environment. Variations in crop yields and
fluctuations in input and output prices are important elements of risk in
agriculture. Various risk -programming techniques have been devcloped to
model risk in decision making under uncertainty. The purpose of this study
was to examine and evaluate major alternative methods of incorporating risk
in decision models. An extension of the method of direct utility
maximization then was used to generate an efficient set of farm plans for the
small, medium and large representative farms, using the concept of
stochastic dominance with respect to a function. The model incorporates
farmers’ risk preferences, revenue fluctuations and resources restrictions in
agricultural planning. Results of this study demonstrated the merits of this
technique particularly when sufficient information is not available to
estimate the individual utility function for each representative farm. The
optimum plans identified the changes in crop activities to seek a trade-off
between maximizing expected value of total net revenues as well as

minimizing the risk of undertaking crop activities.

1. Associate Professor.



Torkamanyi
Key words: Risk programming methods, Risk preferences, Utility-efficient

programming technique.

Ol 21 8339l Olaiod
YYA —VF (YYAY)

39 0 3bletio (4018 Cadld (ol 5393400 9 S Joho duslio

S gllao 08 31 (5 33 3400 93 gy 8 99315 248 5 30 Acli g9

oilas s ol g
(SO ‘_,l_,._\_..t. s‘,l‘,“;d.. sl 65058 suS SSly Lg_';_,JL_JSJ‘_n.n:EI Ll _,L_u.'a‘.n:n‘..i

ol (oDl

ousz

coallad i pae b als lasne 5 a3 Jla 5o )52 4o a3y & ool ,laS
ol (5305l 28 o a5blas sl glyal 5l Wasalin 5 Lasals U X R ) PP QR
st olgiduy o kUi U ol (sha0telin Lty Opig o pae Lol b 5 (55 paanad (5l
S o s Spaacai sla Juo 5o lblie ols @llas siee gla Gl dadllas sl Homl
OB 95 5 el S b 4 da g b g (AulaS (55 page 0 a3 b a0 L3
518 ol et sLadalin 1LS 4e gana alal (s oo 53l sl a5 <l
Tslesklae Lo cslyl ae ool saliil S50 5 b sie oS0 S (sla sy, suisla
S8 (55 5eling sa 1) mlie 40 Lo gy (sla s suns 5 gaaTyo sla ol s o3, 58S
S o3 850 L aobsy O 5 sl bl e L allle ool (gla Al wag o allas
G sladal ol gl (gul i o gllas w5 (133 (5l 0 oY oledbal 4 cw By aae

2



Comparison of the programming models...
alaul (gl saulas OV3oslas el)) sla cullad S5 5 Y @l puil saias LES sk alaal

) bl s Jilas 5 palla sl s gollanl a5l pasS Sk Jlaal G alalis

INTRODUCTION

Most of the agricultural production activities are exposed to risk.
The immediate implication of this risk for economic agents is that many
possible outcomes are usually associated with any one chosen action. Plans
have their outcomes in the future and farmers can never be absolutely sure
what the future will bring. So, agricultural producers, particularly in
developing countries, operate in an uncertain decision making environment
(1, 2,7, 10).

A major criticism of the conventional production theory concerns its
omission of risk and risk aversion (10, 11, 14, 19). Risk can be defined as
any fluctuations in farmers’ outcomes. Variations in crop yields and.
fluctuations in input and output prices are important elements of risk in
agriculture. The most typical example of risk in agricultural production is
that associated with climatic variables. Yield depends on random climatic
variables, thus becoming random itself. Another major source of risk in
agriculture is market prices. So. risk may be summarized, usually, as
uncertainty in farmer’s outcome (5, 8, 20).

Since the risk attached to outcome of farm income affects farmer’s
decision making, it is desirable to incorporate risk into the analytical
framework for farm management research and extension purpose. The desire
to reflect risk of future events within decision making problems has led to a

number of risk models (3, 6, 12, 13, 23). A class of these risk models, for
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incorporating stochastic parameters into the framework of decision analysis,
has arisen within the mathc.matical programming literature. In this class of
models, risk and uncertainty are equivalent and mean some variables in the
objective function are random variables. Thus, incorporating risk in
production analysis means incorporating random variables in production
models and in the decision problems ficed by farm managers (15, 16, 18).

Various risk programming techniques have been developed to model
risk in decision making under uncertainty (3, 10). These methods include
linear risk programming, such as minimization of total absolute deviations
(MOTAD) and Target MOTAD, and nonlinear risk programming such as
quadratic  fisk programming (QRP), direct expected mathematical
programming (DEMP) and utility-efficient programming (UEP) (3, 9, 10).
The above analytical tools' have been mainly developed to apply “expected
utility hypothesis (EUH) to the decision problems faced by managers. The
assumptions and axioms associated with the EUH have been reviewed by
several authors (14, 17, 24).

The first objective of this study was to evaluate some alternative
methods of incorporating risk in decision models and the second objective
was to demonstrate an application of the technique of UEP to a practical
farm planning problem. The guiding hypothesis was that uncertainties in
activity costs, yields, and prices affect expected productivity and expected
income of the study farmers.

This paper provides a brief evaluation of some alternative risk
programming models. This is followed by the report of empirical results

obtained from application of the UEP technique.
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METHODOLOGY

Lambert and McCarl in 1985 reviewed deficiencies of the quadratic
risk programming (QRP) and proposed, as an alternative, a mathematical
programming model which involves direct maximization of expected utility
(10, 11, 19).

QRP model is the most widely used method of accounting for risk in
the objective function (12). It is based on the assumption that the farmer has
a utility function which can be expressed in terms of expected income (E)
and income variance (V). It assumes that the farmer is risk-averse so that
the iso-utility curves are convex (10). That is, along every iso-utility curve
the farmer would prefer a strategy with higher V only if E were also greater.
Markowitz in 1952 used a quadratic formulation to generate an efficient E-V
frontier while Freund in 1956 used it for including risk in a farm
programming model (3, 9). Tsiang (23) has provided a justification for E-V
analysis. The model is typically formulated as:

Maximize E (U)=7'x - A(x'a x)

Subject to:

Ax<b and xz20
where E (U) = the expected utility; n = the vector of activity net revenue;
X = the vector of activity levels; ¢ = the variance-covariance matrix of
activity returns; A = the matrix of technical coefficients; b = the vector of
resource stocks; and % = the risk aversion coefficient. A varies form zero to
one to derive the efficient frontier. When % and/or o = 0 the problem is

reduced to a linear programming.
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QRP has been criticized for its restrictive assumptions (3, 10).
These assumptions are expressed as follows: 1) the farmer's utility function
has quadralic form, and/or 2) the distribution of total net income is normal.
The first assumption implies that a) marginal utility is positive only within
a bounded range, since a quadratic utility function is not everywhere
increasing (10), and b) increasing risk aversion so that it fails to meet the
intuitive requirement of decreasing risk aversion with increasing wealth (3).
Both properties are inconsistent with the expected nature of true preferences
and generally are not acceptable. It has been argued strongly against the use
of the quadratic function on the grounds that it is reasonable to expect that,
as wealth increases, the cocfficient of absolute risk aversion should decrease
(9). Also, the symmetry implied by the normality assumption has been
questioned on the grounds that the real world may be characterized by
asymmetric distributions (3, 10, 21).

Lambert and McCarl's direct expected utility mathematical
programming model is consistent with traditional risk theory (e.g. ability to
allow decreasing risk aversion as wealth increases) and overcomes the main
theoretical criticisms of E-V analysis and its linear approximatians such as
MOTAD (10, 22, 23).

DEMP model may be formulated as follows:

Maximize E(U) = plu(z)

Subject to:
Ax<b Cx-lz = uf
and xz0
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where U(.) = a monotonic and concave utility function: u(z) = a vector of
utility of net revenue by state; z = a vector of net incomes; A = a matrix of
technical coefficients; p = a vector of state probabilities; C = a matrix of
activity net revenue; I = an identity matrix; u = a vector of ones; x = a
vector of activity levels; f = fixed costs; and b = a vector of resource stocks.
The DEMP model can be solved by using a non-linear programming software
such as GAMS with MINOS (4).

This model has been further developed by Patten, Hardaker and
Pannell (19), and Hardaker Pandey and Patten (11). Patten ef al. (19)
reformulated Lambert and McCarl's approach using parametric objective
programming. They called their approach UEP model. Their technique has a
number of advantages. It needs less information about farmers' risk
attitudes than Lambert and McCarl's approach. Further, it is applicable to a
number of types of utility function. They applied both the sumex function
and the exponential utility function to the same set of data, using a
nonlinear programming algorithm. They reported very similar results in
both cases (19).

Hardaker ef al. (11) using a negative exponential utility function of
parametric form proposed:

U = exp[- {(1 - M)a + Ab}z], a,b>0 and 0<Ai<1
Variation in A may be interpreted as variation in risk preferences when the
coefficient of absolute risk aversion (r,) varies between a and b. Thus, a
and b can be set at the upper and lower limits of the range of risk aversion.

I is equal to a when A is zero and close to b when A is large.
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In this study, it was assumed that utility function has a negative
exponential functional form, and the UEP models of the representative farms
were solved by GAMS/MINOS non-linear maximization option (4).

The clicitation of farmers® risk attitudes is necessary for full
specification of UEP models. The equally likely certainty equivalent (ELCE)
interview technique with imaginary payoffs was used to elicit the. utility
functions of farmers’ range of risk aversion (rs) levels (11). The ELCE
model is designed to avoid bias duc to probability preferences. Ethically
neutral probabilities are used (i.e., P=(1-P)= 0.5). The subject is confronted
with two-state risky prospects with equal probability of 0.5 for each state.
This method overcomes the criticism of bias due to probability preference.
Thus empirically determined range of r, was used in the UEP model to

specify the range of risk aversion for the representative farm.

Farm and household budget information, including farm resources,
input levels, costs, yields and commodity prices, consumption and sale, and
also other available data on levels of tractor, human labor supply and use in
the study region, yield and price variability for the various cropping
activities were collected from a sample of 95 farmers, who were selected by
a two- stage cluster sampling from Korbal plain of Fars province, through
structured questionnaires. In additional, asset ownership, off-farm work,
credit use data on farmers' risk attitudes and their subjective beliefs

regarding crop yields and prices were recorded. Time series data for the
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yields and prices of various crops were obtained for the 1988-1997 period
from the regional branches of the rural service center.

Applying cluster analysis to classify sample farms into homogenous
groups is likely to eliminate or at lcast minimize aggregation bias (14). Thus
statistical cluster analysis was used to divide the sample farms into
homogenous size classes. The median farm of each group then was chosen,
following Hazell and Norton (14), as being representative after ranking the
farms on the basis of their area, resulling in representative farms of the

following sizes: small 2.5 ha, medium 7.8 ha and large 14.5 ha.

RESULTS AND DISCUSSION

The utility efficient solutions for three representative farms are
presented in Tables 1 to 3, using the empirically estimated range of r,
values from 0.000005 to 0.0002. Results for selected ry illustrate the trade
off between cropping pattern and the farmers’ risk preferences for the small,
medium and large representative farms. In general, the model results and the
cropping patterns show diversification of crops. Representative farms
allocate their farm lands to crops which guarantee both household food
security and income. Food sccurity under the UEP models are guaranteed by
the production of rice. wheat and barley. Household income also is ensured
by producing sugar beet, sunflower and potential saleable surplus rice,

wheat and barley.
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Table 1. Efficient set of optimum solutions for the small representative

farm’
Activity levels (ha)
Iy Barley Corn Rice  Sugarbeet Sunflower Wheat ETNR'
0.200 0.60 0.20 0.34 0.00 0.00 1.35 3950.00
0.100 0.61 0.20 0.40 0.00 0.00 1.28 4080.00
0.050 0.60 0.17 0.43 0.05 0.10 1.15 4178.00
0.025 0.65 0.13 0.46 0.13 0.12 1.00 4202.00
0.012 0.70 0.00 0.50 0.20 0.20 0.90 4248.00
0.005 0.70 0.00 0.50 0.28 0.31 0.70 4289.50

t The small representative farm has 2.5 ha of operated land.
§ ra4 is the coefficient of risk aversion multiplied by 1000,

9 ETNR stands for expected value of total net revenue (1000 Rials).

Table 2. Efficient set of optimum solutions for the medium representative

farm’.
Activity levels (ha)
N Barley Corn Rice Sugarbeet Sunflower Wheat ETNR'
0.200 1.50 1.60 050 070 0.0 3.00 11361.50
0.100 150 1.53 060  0.71 0.55 2.90 11592.00
0.050 153 1.45 067 075 0.55 2.85 11870.00
0.025 1.60 1.28 0,70  0.88 0.63 2.70 12245.80
0.012 160 1.20 0.80  1.00 0.70 2.50 12604.00
0.005  1.50 1.07 084 112 0.15 2.10 13180.60

1t The medium representative farm has 7.8 ha of operated land.
§ ra is the coefficient of risk aversion multiplied by 1000.

Y ETNR stands for expected value of total net revenue (1000 Rials).

However, large representative farm model, as compared to models of
medium and’ small representative farms, allocate higher proportion of its
farm land to high net return cash crops. Also, as r, decreases, representative

farmers select a farm plan which contains more high net return cash crops.
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Furthermore, the model solutions for the small, medium and large
representative farms show that expected value of total net return increascs
as aversion to risk decreases. These results are consistent with risk theory.
Risk averse farmers typically prefer farm plans that provide a satisfactory
level of security, even if this means sacrificing some income. Thus, the
models’ results confirm that houscholds in the study region are risk averse,
indicating that the risk aversion plays an important role in farmers’

behavior.

Table 3. Efficient set of optimum solutions for the large representative farm'.

Activity levels (ha)

r Barley Corn Rice Sugarbect Sunflower Wheat ~ ETNR
0.200 3.50 2.00 1.00 2.00 1.00 5.00 21550.70
0.100  3.54 2.00 100 2.00 1.05 4.90 22140.00
0.050 3.68 1.83 1.07 2.08 1.13 4.70 22550.50 -
0.025 3.75 1.70 1.13 211 1.20 4.60 22890.00
0.012 3.80 1.40 1.40 2.27 1.42 4.20 .23]80.80
0.005 4.00 1.30 1.54 2.32 1.84 3.50 .24880.50

+ The large representative farm has 14.5 ha of operated land.
§ 1, is the coefficient of risk aversion (multiplied by 1000).

1 ETNR stands for expected value of total net revenue (1000 Rials).

Results of this study demonstrated the merits of utility-efficient
extension of the DEMP technique particularly when sufficient information is
not available to estimate the individual utility function for each
representative farm. The model incorporates farmers’ risk preferences,
revenue fluctuations and resources restrictions in agricultural planning. The

optimum plans identified the changes in crop activities to seek a trade-off

11
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between maximizing expected value of total net revenues as well as-
minimizing the risk of undertaking crop activities, by placing limits on the

decision maker's degree of absolute risk aversion.

LITERATURE CITED

Anderson, J.R. 1974, Risk efficiency in the interpretation of agricultural
production research. Rev. Market. Agric. Econ. 42:131-184.

Anderson, J.R. and J.L. Dillon. 1992. Risk Analysis in Dryland: Farming
Systems. FAO. Farm System Management Series 2. Rome, Italy. 180 p.
Anderson, J.R., I.L. Dillon and J.B. Hardaker. 1977. Agricultural Decision
Analysis. Iowa State University Press. Ames, TA, U.S.A. 344 p.

Brooke, A., D. Kendrick and A. Meeraus. 1988. GAMS: General Algebraic
Modeling System References. User's Guide. The Scientific Press. Redwood
City. CA, U.S5.A. 289 p.

Chambers, R.G. and J. Quiggn. 1998. Cost functions and - duality for
stochastic technologies. Amer. J. Agric. Econ. 80: 288-295.

Da Cruz, E.R. and V.H. Da Fonseca Porto. 1988. Simplified risk analysis in
agricultural extension. Agric. Econ. 1:381-390.

Dillon, J.L. and J.B. Hardaker. 1980. Farm Management Research for Small
Farmer Development. FAO. Rome, Italy. 302 p.

Dillon, JL. and P.L. Scandizzo. 1978. Allocative efficiency, tragitional
agriculture and risk. Amer. J. Agric. Econ. 53:27-31.

Freund, R.J. 1956. The introduction of risk into a programming model.

Econometrica 24: 253-261.

12



10.

11.

12.

14.

16.

17.

18.

19.

Comparison of the programming models. ..

Hardaker, J.B., R.B.M. Huirne and J.R. Anderson. 1997. Coping with Risk
in Agriculture. CAB International. New York, U.S.A. 274 p.

Hardaker, J.B.. S. Pandey and L.H Patten. 1991. Farm planning under
uncertainty. Rev. Market. Agric. Econ. 59:9-22.

Hazell. P.B.R. 1971. A linear alternative to quadratic and semivarians
programming for farm planning under uncertainty. Amer. J. Agric. Econ.

53: 53-62.

. Hazell. P.B.R. 1982. Application of risk preference estimates in farm-

household and agricultural sector models. Amer. J. Agric. Econ. 64: 384-
390.
Hazell, P.B.R. and R.D. Norton. 1986. Mathematical Programming for

Economic Analysis in Agriculture. Macmillan. New York, U .S A.

. King, R.P. and L.J. Robison. 1981. An interval approach to the

measurement of decision maker preferences. Amer. J. Agric. Econ. 63:510-
520.

Lin, W., G. Dean and C. Moore. 1974. An empirical test of utility vcrsus
profit maximization in agricultural production. Amecr. J. Agric. Econ. 56:
497-508.

McCamley, F. and J.B. Kleibenstein. 1987. Describing and identifying the
complete set of target MOTAD solutions. Amer. J. Agric. Econ. 69: 669-
673,

Meyer., J. 1977. Second degree stochastic dominance with respect to a
function. Int. Econ. Rev. 18:477-487.

Patten, L.H., J.B. Hardaker and D.J. Pannell. 1988, Utility-efficient

programming for whole-farm planning. Aust. J. Agric. Econ. 32:88-97.



20.

21,

22.

24,

Torkamanyi

Rae, A.N. 1977. Crop Management Economics. William Clowes. London,
England.

Robison, L.J. 1982. An appraisal of expected utility hypothesis tests
constructed from responses to hypothetical questions and experimental
choices. Amer. J. Agric. Econ. 64:367-375,

Tauer. L.M. 1983, Target MOTAD. Amer. J. Agric. Econ. 65: 606-610.

. Tsiang. S.C. 1972. The rationale of the mean-standard deviation analysis,

skewness preference, and the demand for money. Amer. Econ. Rev. 62:
354-371.
Watts. M.J.. L. Held and S. Helmers. 1984. A comparison of MOTAD to

target MOTAD. Can. J. Agric. Econ. 32: 175-185.

14



