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PETEiR B. R. HAZELL, ROGER D. NORTON,
 
MALATI-11 PARTHASARATHY, AND CARLOS POMAREDA
 

AGRICULTURAL PROL ICTION, particularly in developing countries, ,s 
generally a risky process, and considcrabie evidencC exists to suggest that 
farmers behave in risk-aversc ways.' Yet considerations of'risk are rarely
incorporated into regional or sectoral planning niodels; rather, farmers are 
assumed to behave in a risk-neutral, profit-maximizing way. Explicit
representations of uncertain outcomes and farmcrs' attitudes toward them 
have appea- -: mostly in farm-level models. A; the aggregate level, more 
ir.direct approaches have been used that amount to specifying "conserva
tive" reactions to changes in the light of uncertainty; for example, the 
flexibility constraints of rccursive programming (Day 1963). 

Overview 

On theoretical grounds, neglect of risk-averse behavior in agricultural
planning models can be expected to lead to important overstatements of 
the output levels of risky enterprises (often reflected in overly specialized
cropping patterns), hence also to overestimates of the value of important 
-. sources (for example, land and irrigaion water). This chaptcr applies the 
theoretical framework of chapter 7 and reports results from two case 
studies in Mexico that were designed to measure the magnitudes of sonic 
of these biases; in the process, the chapter attempts to provide a quantifica
tion of risk aversion at agg:egatc farm ievels. Cher case studies using this 
methodology are found in chapters 12, 13, and 15 of this volume. 

The two mudls used in this chapter are both regional linenr program
ruing models of the production of annual crops grown under irrigated 
conditions. Th-y are static equilibrium models and, through incorpora-

I. See in particu!ar, the following casC stLdies: Cancian (1973); Dillon and Anderson 
(1971); Francisco and Anderson (1972); Lin, Dean, and Moore (1974); Officer and Halter 
(1968); and O'Mara (1971, also chapter 9 of this book). 
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tion of linear demand functions, simulate competitive market equilib
riums in which both prices and quantities are endogcnous. The first 
model, ALPIIA, comprises eight of the irrigation submodels of CtAC, arid 
therefore it may be considered reasonably representative of the role of-isk 
in CIIAC. The second model, BETA, is a slightly revised and updated version 
of the model by Pomarida and Silmons (chapter 12).' 

In the following we briefly review the risk spcitication of the models 
and show why ignoring risk-averse bchavior in progr. rining models can 
lead to biascs in estimated crop outputs and the valucs of'scrcc resources. 
In the section "Description of thc Models," we present the two models in 
some detail and discuss the methods used to estimate salient risk param
eters. The section "Results of the Models" presents findings and dei
onstrates tile nuicrical importance of incorporating risk-avcrse behavior 
into agricuitural planning niodcls. The final section contains our brief, 
concluding remarks. 

Mcthod of incorporating Risk 

The underlying behavioral assumption in our models is that farmers 
maximize expected net income less its standard deviation-an (E,uT) utility 
functiot-rather than expected profits. This assiumption follows a tradi
tion begun by Markowitz (1959) and Tobin (1958) regarding choice under 
uncertainty. More precisely, }however, oHl asstns ption is a variation) on 
the approach o launiol (1963) wh\o used an (E, 4) r) form lation that gives 
more reasonable answer3 thin hec straight (-.r) approach in some cases. 
With .Iaumol's approach, tie decisionlinaker is a;su cd to establish sub
jectively a confidetcc !imt and a floor on cxpectcd returns, to which tie 
linit is applied. [ this cliaptcr, para metric programmin g trclhtiques are 
used to derive valtes of the subjective para meter (1). 

It is well known that a pure (-, u) ftnction, taken over a significant 
range of values, h.s some rather strange bchavioral properties, and even 
the ass 001 ptiol of norisialIly distributed outcomts will not rescue it from 
that fact. Nevertheless, it has been shown that, over a limited range of 
values, such a fCmctiot can be viewed as an approximation (via truncated 
Taylor's series) to .i polynomial function with all the desirable properties. 
More precisely, the first two terms of a Taylor's series yield an (E, V) 
utility function, and the (1.-,u) efficiency frontier is a tanpme~cy .o it at the 
equilibrium point. 

2. Several versions of this model h~vc been prepared over time at the r-qucst of the 
vegetable producers' association in northwest Mexico for use in their planting decisions. 
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Tsiang (1972, 1974) has providcd a careful defcn,c of the (E,u) approach 
as a useful approximation in certain classes of choice, and it has proved to 
be helpf)l in improving predctions of behavior under risk at the farm 
level. This chapter builds on Tsiang's defense, with the purpose ofshow
ing one way in which it may be used in an aggregatc rather than a micro 
model. One ofTsiang's conditions for (Er)analysis to be useful is that the 
risk be "small" relative to the total wealth of the risk taker. Although this 
condition may be met for the commercial, irrigated farms covered in our 
models, it may not be sitisfied for the case of rainfed (temporal), subsist
ance farmers confronted with new technologies. 

Given the underlying (E,4)o) behavioral specification, the objective 
function of an aggregate linear programming model that simulates com
petitive market equilibria can be written as: 

(8.1) max U = X'M (A - 0.5BMX) - C' X- 4D(X' iX) t /2 , 

where 

X = A vector of aggregate crop levels 
M =A diagonal matrix of average yields 
C = A vector of cost coefficnts 

A,B = The cgrfficient matrixes of the linear demand structure EP = A - BMX, 
where EP is the expected price and B is assumed to be diagonal' 

4) = An appropriate -'ggregatc of individual farm 4)coefficicnts 
fl = An appropriate aggregate of individual farm covariance matrixes of 

acivity revenues. 

Tj'e derivation and justification of this objective function was provided 
by Hazell and Scandizzo in the preceding chapter. It is equivalent to the 
sum of expected values of producers' and consumers' surplus over all 
markets, and it gives the asymptotic values of expected quantities and 
market-clearing prices in equilibrium. 

The usual assumption of profit-maximizing behavior is, of course, 
equivalent to setting (Dequal zo zero in equation (8.1). Thus, the effect of 
ignoring risk-averse behavior depends on the properties of the term 4)(X' 

t
fX) 1
/2, at least within the confines of our behavioral assumptions. 

Let the constraint set of the aggregate model be denoted by 

DX;b, 

where D is a mitrix of technical coefficients, and b is a vector of resource 
supplies. 

3. Diagonalization is obtained in the models by grouping commodities into demand 
independent groups (see chapter 3). 
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The Lagrangian of the model is then: 

(8.2) L =X'M (A - 0.5BMX) - C'X 

-Dq(X'fl X) 112 + V, (b - DX), 

where v is a vector of dual values.
 
Now, from the necessary Kuhn-Tucker conditions, we obtain
 

(8.3) -kin,(aj - bj ,,,j x') - Cj- (p(X'lX)- 112 
axj 

(-Wxi 1)'dkj:< 0 j =I ton, 

,where iower case letters denote elements of the corresponding capital 
matrixes, n denotes the number of crops, and s denotes the number of 
constraints. 

Complementary slackness conditions further require that, for all non
zero xj in the solution, equation (8.3) must hold as a strict equality. Thus, 
we can rewrite equation (8.3) for any nonzero x, as: 

(8.4) EP, = ,,Ij [c + i Ikdkj + q,(XIIX)11 2 'j ,o'i X

where we have used the fact that, since B is diagonal, then 

EP, = ai - bj Mi Xi. 

In words, equation (8.4) states that, for each nonzero activity, the 
expected marginal cost per unit of output must be exactly equal to ex
pected price. The expected marginal cost comprises expected own mar
ginal cost, c, plus expected opportunity costs, Ek Ilk di, as reflected in the 
dual value of the resources used by that activity, plus a marginal risk-factor, (X' 11X) 112 Ei t%~iXi. 

Now, had we made the us,il assumption ot risk neutrality, the marginal 
risk termi in equation (8.4) would disappear (because (1)= 0). Col
sequently, incorporating risk-avwrse hchavior leads to different output 
levels in the model solution, and thL direction of change from risk neutral
ity depends critically upon the sign of Yi"= w~Ix,. Crops which have large 
variances in revenues or positively correlated revenues with most other 
crops, or both, will tend to have a positive marginal risk term, and this 
will Iead to a lower output under risk-averse behavior. In contra5:, crops 
that have negatively correlated revenues with most other crops will tend 
to have a negative marginal risk term, and hence their output will be 
increased under risk-averse behavior. 

To show the effect of risk-averse behavior oin the valuation of scarce 
resources, we can rearrange equation (8.4) as: 
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(8.5) v, = nj E(P) - G - 4(X'flX)-" 2 w . x,- k I dkj d, 

where, by suitable rearrangement over k, I,,can be the shadow price of any 
selected resource. 

Clearly, the imputed value of the sth resource for tile jth nonzero 
activity will be greater or smaller than its value Under risk neutrality 
depending upon the sign ofXi x i . But the outcome also depends on theYaw 
valuations Vk, k4s. Equation (8.5) must, of course, hcld for all nonzero 
activities, and so we have a simultaneous model in the vk. The overall 
effect of risk-averse behavior on the value of v, is not therefore apparent 
from equation (8.5). It depends on the total risk effect of the complete 
portfolio of farm crops. 

We do know, howevcr, that since 2 I(X'flX)">O in the model objec
tive function (8. 1), then the value of the objective is smaller under risk
averse behavior than under risk neutrality. Euler's theorem then implies 
that the total valuation of the scarce resources must be smaller. This, 
however, still permits the possibility of some resources' increasing in 
value, providing that others are rcduced by sufficiently large amounts. For 
those resources whose imputed value is reduced by the inclusion of risk 
(,nd very likely that means most, if not all, resources), how do we 
interpret the new valuation? To tile extent that the model's structure 
faithfully reflects individual and market decisions, it can b( said that an 
adequate treatmetnt of risk normally reduces the price that farmers would 
be willing to pay for their production inputs. 

Description of the Models 

The two models to be described both deal with annual crop production 
in selected irrigation districts in Mexico. 

The ALPHA model 

The first model (hereafter called the ALPhA model) is in actuality part of 
CHIAC and encornpasscs eight of the more than one htndrcd administrative 
districts of the Mexican Ministry ofWater Resources (Secretaria de Recur
sos Hidriulicos, SRI]). These selected districts are not contiguous but are 
scattered throughout the arid agricultural areas of Mexico; they are among 
the largest districts in their resvective regions: 

District 
Pacific Northwest Culiacin, Comisi6n del Fuerte, Guasave, 

111o Mayo, Santo Domingo 
North Central Ciudad Delicias, La Laguna 
Northeast Bajo Rio San Juan 



Table 8-1. Average District CropF;ng Patterns, 1967-69 to 1969-70, ALPHA Model 
(harvested hecares) 

District Pecrce-zgc 

Crop 
El 

Fuerie 
Cult-
atin 

Rio 
Mayo Guasave 

Cuidad 
Delicias 

Bajo Rio 
Sa.i Juan 

Santo 
Domingo 

La 
Laguna 

Aggre-
gate 

of 
naLional 

production 
Dry alfalfa 1.988 
Cotton 46.364 
Greer alfalt' -
Rice 11.335 
Sugarcane 12.706 
Safflo'- 4,790
Barley -
Chile 386 
Beans 16,224 
Chickpeas 561 
Tomatoes 3.04c 
Sesame 3.010 
Maize 10.792 
Cantaloupe 231 
Potatoes 1.320 
Cucumbers -
Watermele-s 775 
Sorghum 24.238 
Soybeans 16.264 
Wheat 23.561 

-
-

543 
23.568 
24.172 
13.374 

-
1.570 

11.024 
938 

9.563 
2,815 
4.302 

387 
-
-

325 
2.795 
4..,'2-
3.057 

2.144 
15,535 

-
-
-

10,435 
112 

-
-
-
-

8,3 0 
4.071 
-
-
-
-

10.616 
11.886 
29,969 

-
-
-

3.480 
-

3.7-7 
-

48 
202 
271 
581 
144 

2.420 
722 

-
8 

41 
1.238 
-

5.742 

6.510 
7.903 
-
-
-
-
-
-
-
-
-
-

10.053 
-
-
-
-

7.719 
-

29.668 

-
1.190 
-
-
-
-
-
-
-
-
-
-

54.269 
-
-
-

74 
19,876 

-
1,048 

285 
17.585 

-

1.098 
-
-
-
-
-
-

1.038 
-
-
-
-
-
-

11.738 

5,498 
67,964 

5.224 

-
-
-
-
-
-
-
6.213 
-
-
-
-
5.592 
-

16.151 

16.425 
15'6.541 

5.767 
38,383 
36,878 
33,434 

112 
2.004 

27.450 
1,770 

13.193 
14.359 
93.158 

1.340 
1,320 

8 
1,197 

92,074 
32,542 

!20.933 

34 
25 
2 

25 
12 
29 

1 
9 
3 
1 

37 
4 
2 
4 
5 
0 
5 

11 
20 
16 

Total 1-77,576 
Number of

farms 16.484 
Available hectares 

122.825 

6.224 

93.158 

9.185 

18.634 

2.984 

61.853 

10,710 

76.457 

4.480 

31.7'14 

647 

106.641 

48,341 

688,888 

99,055 

per farm 10 12 8 6 4 16 47 2 5.F 

- Zero. 
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Taken together, the eight districts account for significant shares of the 
national production of cotton, tomatoes, dry alfalfa, rice, soybeans, and 
safflower (see table 8-1). They also produce a wide range of cereal crops 
and vegetables, and some sugarcane. Sonc double crorping is practiced in 
all the districts, particularly in the vegctable-groving areas. The avcragc 
district cropping pattcrns for thc crop vc,'s 1967-68 and 1969-70 arc 
given in table 8-1; not covered is a small pcrccntige of land dcvoted to 
crops that are not included in the models. Crop production is almost 
entirely dependent on irrigation in all eight districts, and any small areas of 
rainfed land have been excluded. 

In total, the eight district models cover 99,000 farms, 5.8 hcctaes in 
average size, and a district brcakdown is included in table 8-1. For model
ing purposes, each district is treated as a single large farm. The farms are 
presumed to be sufficiently homogeneous so that this procedure is uin
likely to lead to any serious problems of aggregation bias. The model 
activities provide for the production, in each district, of crops in table 8-1 
grown by that district, each with a choice of three mechanization levels 
and two planting dates. A set of labor activities provides flexiblity in 
selecting seasonal combinations of family and hired day labor. Family 
labor is charged a reservation wage of half the ihired day-labor rate, a value 
derived from CIIAC (see chapter 2). Purchasing activities provide for the 
supplies of mules, machinery, and irrigation water. Seasonal constraints 
are imposed on land and labor, and an annual conqtraint is imposed on 
water supplies.4 Technical coefficients and costs are taken at average levels 
for 1967-68 to 1969-70. The model constraints are also based on this 
period. Average yields are based on the six-year period from 1966-67 to 
1971-72, and risk parameters were estimated from time-scries data span
ning the period from 1961-62 to 1970-71.
 

The district models are linked in block diagonal form and are integrated
 
into an aggregate market structure, similar to that in CIIAC. That is, the 
market comprises linear domestic demand functions of the form 
EP = A - BMX, and has import and ex, ort possibilities at fixed prices. 
For simplicity, and to approximate cross-clasticity relations in demand, 
the crops are classified into demand independent groups, and linear sub
stitution is allowed between products within each group at rates fixed by 
base-year relative prices.' The definition and character istics of these de
mand groups are summarized in table 8-2. The demand curves for each 

4. We assume the input costs and the resource constraint values to be nonstochastic; this 
assumption can be relaxed, using one of several available techniques to handle stochastic 
constraints. See, for example, Charnes and Cooper (1959), Madansky (1%2), and Maruyama 
(1972). 

5. For a more detailed description, see chapter 3. Income effects are ignored in this 
procedure because this is a partial equilibrium mode!. 
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Table 8-2. Characteristics of Dematid Groups, ALPHA Model 

Base-periodprice 
(pesos per metric ton) 

Demand Group-price Own-price 
group Commodity Commodity i',dex' elasticity 

I Sugarcane 70 70 -0.25 
2 Tomatoes 1,150 1,150 -0.4 
3 Chile 1,500 1,500 -0.2 
4 Cotton fiber 5,770 5,770 -0.5 
5 Dry alfalfa 400 

Green alfalfa 100
Barley 93013FCY90446 -0.3 
Chickpeas 960 
Maize 860 
Sorghum 630 

6 	 Rice 1,220 
Beans 1,830 1.285 -0.3 

9 9 0Chickpeas 
Potatoes 930 

7 Maize 860 817 -0.1 
Wheat 800 

8 Cantaloupe 680 
Watermelon. 780 741 -2.0 

9 	 Safflower 1,550 
Sesame 2,410 1,164 -. 2 
Cottonseed oil 830 
Soybeans 1,600 

10 	 Cucumbers 590 590 -0.6 

a. Group-price indexes are computed using base-year quantity weights. 

group have the same price elasticities as in CIIAc but arc located at mean 
output levels appropriate for the eight district aggregates according to the 
procedure in chapter 11. Export and import constraints are also taken 
from CHAc and are prorated according to the ratio of output from the eight 
districts to national output for each product. 

The BETA model 

The second model (hereafter called the BETA niodcl) was developed by 
Pomarcda and Simmons (see chapter 12) and, for the purposes of this 
study, can be viewed as a model of the irrigation districts of Culiacin, 
Humaya, El Fuerte, and Guasave in the state of Sinaloa, with a simplified 
representation of competitive supplies from Guatemala. Taken together, 
these four districts accounted, in 1973-74, for about 90 percent of the 
national exports of tom.toes, green peppers, and cucumbers, and about 40 
percent of the national exports of melons. 

C) 
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For modeling purposes, Culiacin and Humaya grouped as a singlcarc 
region [elsewhere in this volume, they arc grouped with San Lorenzo 
under the name "Culmaya"], as are El Fuertc and Guasave. This p "ouping
permits satisfactory consideratioo of water transfers between district 
irrigation authorities. The two regions arc then trcatc 'as single decision
making units. 

Although all short-cycle crops in each region are included in the model,
special emphasis was given to the modeling of activities representing
vegetable production. Each vegetable is allowed several planting dates;
and the yields for each planting date are disaggrcgated by months (the
harvest period ofa hectare oftomatocs planted in September, for example, 
may last as long as three and a half months). Yields are also disaggregated
into exportable and nonexportable quality according to U.S. Department
of Agriculture regulations on the quality of imports. Nonexportable
qualities are channeled into domestic Mexican markets. 

The principal resource constraints for each region are monthly supplies
of land and labor and the annual supply of water. Labor requirements are
specified by three catcgories: labor for cultivation, harvesting, and pack
ing vegetables. Hiring activities provide for unlimited supplies of labor for 
each category of work, but at different wage rates. A!l input costs are at 
1973-74 prices. 

The market structure in the BETA Model is rather more complicated than 
that in the ALPHA model, although prices again are made endogenous
through the incorporation of linear demand schedules. The complexity
arises because Mexican vegetable exports (produced mainly in Sinaloa)
have significant price effects in the U.S. market and because they compete
directly with Guatemalan exports. Consequently, to model export de
mands adequately, the U.S. and Guatemalan vegetable markets are in
corpor ited directly into the model, with of melonsalong the supply

produ.ed competitively in the Apatzingan district of Mexico. A fuither
 
sour,': ofcomplexity arises because U.S. prices are 
treated endogenously 
on a monthly basis. 

Mexican domestic demands are treated according to CHAC, with the 
demand schedules and price elasticities given in table 8-3. Prices of vegeta
bles other than tomatoes (peppers, cucumbers, and cantalotipes) arc fixed 
with perfectly elastic demands. The supply of melons from Apatzingan is 
simply incorporated through four seasonal linear programming activities. 

Vegetable surplies from Guatemala (peppers, cucumbers, cantaloupes,
and honeydews) are incorporated through another linear programming
submatrix, which simply contains a single production vector per crop.
Domestic demands in Guatemala are assumed to be perfectly elastic at 
fixed prices. 

The U.S. market is incorporated by means of monthly linear supply 

http:produ.ed
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Table 8-3. Demand Functions for Tomatoes
 
and Traditional Crops in Mexico, BETA Model
 

Direct-price
Crop Demand equation' elasticity 

Tomatoes P= 2.993- .00008372Q -0.5 
Sesame P= 3.068-.00011210Q -1.2 
C-tton P=3.276-.00000537Q -0.5 
Rice P=2.960-.00001536Q -0.3
Safflower P= 2.069- .0000W531Q -1.2 
Beans P=5.573-.0f008800Q -0.3 
Chickpeas P=3.448-. 00007409Q -0.3 
Maize P= 1.126- .0001938Q -0.2 
Sorghum P= 1.185- .00000208Q -0.3 
Soybeans P=2.334- .00 000423Q -1.2 
Wheat P=0.936-.OOWO0I07Q -0.5 

Note: Price elasticities were taken front CtAc. Mean prices and quantities were taken from 
spti (1972). 

a. Quantity (Q) in thousands of kilos; price (P) in pesos per kilo. 

and demanld functions (scc table 8-4). Itis assumed that supplies and
demands arc both independent through time, and the U.S. priccs in other 
periods arc fixed (Mexican exports do not compcte in these months).

The model inaximanci is a sitiple gcncralization ofthe objective func
tion of the CIIAc kind, in that tile producers' and consuncrs' surplus are 
sunimed by product, by season, and by country. ' Risk is introduced only
in the two regional models for ';iaaloa, again using an (E,(o') utility 
formulation. 

Estimation of risk paraltict'rs 

To incorporate risk-averse behavior into the moidcls in accordance with 
equation (8. 1),it is nccessary to have estimates of (1)and D" for each 
irrigation district. In principle, (1)and 11 should be suitable weighted 
averages of thc paramctcrs ofrisk aversion amd the covariance matrixes of 
revenue of individual fairns. Snch information is not, of course, avail
able--even if it were, suitable aggregation procedures have not yet been 
developed. Consequently, in formulating the ALPHA and Br.TA models, 
more approximate and aggrc,,ace procedures were uscd. 

ESTIMATION OF fl MATRIXE!.. The only available dclta on revenue varia
tions were timc-series data on. prices ;;nd yields at the lcvel of irrigation
districts. Using these data (thirteen yea,,-in the case of tile Ai.PHA model, 

6. For a mathematical description, see chapter 12 and Pomareda and Simmons (1977). 
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Table F-4.S;qply and Demand Functions for Vegetables, BETA Aodel 

Product Month Supply Demand 

Tomnatocs l)eccmber P=.(X)770Q P= 7.241 -. ()43755Q
January )= .0K0)1052Q P= 6.116 -. (XXX)36722Q
February P=.(O1864Q P= 4.719 -. 0(X,20254Q
March P .0M)1705Q P= 7.098- .(X)044305Q
April P=.00I1278Q P= 5.398-. O001!)96Q0 

May P= .(XXX)54IQ P= 8.248- .(XK)39815Q 

Peppers December P'=.(XX)2715Q ; =-10.935-.(XX)460591Q 
January P .(XX)3822Q I'= 11.041 -. (X)010,'6)9Q
February I1 .(XX17818Q '= 9.075-.(X)0265920
March =.f(K)663 I Q P- 10.835 -. 00035203Q
April ll= .tNX)4780Q P= 12.203-.(X)042629Q 

Cucumbers Decembcr P=.(K003792Q F = 4.016- .(X)16589Q 
January P= .(X)7304Q P= 3.905-.(X) I1539Q
February P=.0OI0917Q P= ' 968-.000¢-,9)7Q
March 1'=.(XX)9442Q P= ., 852-.(X)15937Q 
April P=.(X002798Q P= 3.562 - 0(X)8637Q 

Cantaloupes January .2,,0380Q P- 5.126 -. (X))4930Q'= 
February P- .04 8850Q P= 5.126- .00 0 4930Q
March P=.02'miJ2OQ P= 7.389- .(X)191OQ
Api P=.016450Q P= 5.699-. (X)411Q
May P= .(XX IIOQ P= 6.125 -. (XX)205Q 

Honeydews Januiary n.a. '= 5.110- 0 0 132 00Q 
February na. P= 5. 110- .(X)132010Q
March na. P= 2.813- .0(X)2630Q
April na. P= 3.170- .(X)02240Q 

o.a. Not avail.ilr.
 
Note: For supply, an elasticity of 1.00 is assumed.
 
a. Quantity (Q) in thousands of kilos; price (P) ini peos per kilo, 

but only six years for the IWTA Model), covariance matrixes of crop
 
revenues were calculated 
 for each Jistrict modeled after detrending the
 
original crop 
revenues by linear regressions.


There are two potcntial problems with these estimated 
D"matrixes.
First, the appropriate fl matrixes should be aggregates of the covariance 
matrixes su'bectively perceived by farmers at market equilibrium, and 
these may well diffcr from observed statistical relations. The estimatcd 
matrixes are therefore good to the extent that farmert' pcrccived valuts 
have converged to the observed statistical relations and that the time-series 
data covered an equilibrium period. The latter requirecmet may not be 
too unrealistic, in that few crops showed statistically significant or numer
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ically important trends in their cropping area; during the time periods 
under considerationl. 

Second, the il matrixcs should be direct aggregatcs of covariance 

matrixcs of individual farms and should not incorporate any covariance 

relations that may exist between farms within a district. This is because it 

is required that:' 

2(ph (X, fib Xb)'' = X I (.y'k f1 k ,
k ( ht 

Where h denotes the hth irrigation district an(! k denotes tle kth iarm. The 

estimiated fl,, matrixes are therefore good to the extent that the (2 matrixes 

are tile same for J1 farms in the tith district, and that ti c covariance 

between the revenues ofany two crops i andj arc the saic between farms 

as within farms. That is, 

coy (rk,, rki) = coy (re,, rf,) = coy (re, , rk,) 

where r denotes activity revenue and k, r are farins.' Unfortunatcly, 

suitable cross-secton:,! samples of farm data could not be found to test 

these requircmcnts. 

Esr:r-iATIoN OF ( . In the absence of any cinpi iical data from which to 

estimate the ( coefficients, tile basic procedure f-( ll,wcd was to search, 

through postoptimahity tccliniqucs, valucs of't) that .:a,1led the models to 

bcst. describe a ,et o& base-year prices. In both models we make the 

siniplifyi:ng assumption that (1) is thc samc thr all irri,,.,tion districts. 

Various lleaSlurCS of oI tied, but a simplc average ofo-goodn(s, fIr'Ir 

the a)solUtc values of tHlC dCviatiois In pric's served as well as any 

(hercafter callcd the M.;), mean absohitc deviation). 

This imietliod of Cstimlatilg (1'poses the obviiis difficulty that it will 

pick up errors III modcl ir'isspccificatio and data, axd that there is no way 

7. Sec chaitcr 7. 
8. U lcr these i-,',omi 111d lcng IV, dcnotc -hc vcr.,c icvcnuc of' heth cropt lo  

obscrved at the distrit over all farimi, l b lic nui tcr of larms ilnt disfiict, we obtain:t:e 

Co_ (R, R,) I YX F(rk, re,) - - -X X (,) E(rr,)
K2 k ( Kk

- 1 coy (ri,, rt,) 
KI k e 

=- X X coy (rj,,, rk,)
r

K k 

cov (r,, r 
Kk 

o)= coy (rk,, r lor all k. 
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Table 8-5. Price Solutions by Commodity Group 
for Different Values of (1), ALPHA Model 
(pesos per metric ton) 

Demand 
group 

1. Sugarcane 
2. Tomatoes 
3. 	 Chile 
4. Cotton fiber 
5. Forage Lrops 
6. 	 Food crops 
7. Cereals 
8. 	Melons 
9. 	 Vegetable 

oils 
10. Cueunbers 

MAD' 

Values of Base. 
period 

0 0.5 1.0 1.5 2.0 2.5 index 

68 70 72 68 68 68 70 
321 703 988 1,200 1,494 1,772 1,150 

1,031 1,125 1,124 1.352 1,330 1,547 1,500 
5,770 5,770 5,770 5,770 5,770 5.770 5,770 

499 475 445 44t' 444 443 J46 
1.373 1,316 1,241 1,233 1,227 1,217 1,285 
1,044 1,043 992 970 958 989 817 

446 416 420 468 476 41o 741 

1,014 1,(04 1,022 1,058 1,133 1,200 1,164 
516 436 284 148 148 148 590 

219 175 153 123 146 172 

Note: Prices are reported as group indexes. asing base-year quantity weights (these 
weights are discussed in chapter 3). 

a. The MAD is the mean absolute deviation o("the solution value from the base-period 
values. 

of know.'ing how serious thcse crrors might bc other than to judge the 
'reasonablcness" of the cstimatcd paratctcr. 

RcsuitS of thc Modcls 

Thc model (i) cocfficicnts arc a direct rcprescttation of risk-averse 
behavior at the aggregate farm level. Thus, solving the models' for differ
ent valcs of ki) providc direct information about the eflccts of diflecrent 
degrccs of risk aversion on cquilibrnun prices and quantities and gives a 
basis for quantifyinIg the r0ctual value of (1. 

Quantification of risk aversion at the agrega,. lev' I 

Perrinent results from the ALPItA tnodcl are presented in tables 8-5 and 
8-6. fablc 8-5 shows the effect of diffcren () values on the domestic 
equilibrium prices for th%commodity groups delineated ill table 8-2. On 

9. The models are solved with 2 linear rrograrnming algorithm using the linearization 
techniques of Duloy and Norton (chapter 3 of this volume) and Hazell (1971). 
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Table 8-6. Quatiti's Produced for Domestic Market 
for Different () Values, ALPHA Model 
(metric ton, 

Values of() Base. 

Crop - yc.r0 0.5 1.0 1.5 2.0 2.5 quantitie,
 

Dry alfalfa 137,323 139,120 140,916 140,916 140,916 140,916 179,019
Cotton 484,488 476,111 445,869 358,485 285,965 
 268,476 243,454Green alfalfa 173,445 175,714 177.983 177,983 177,983 177,983 226,109Rice 115,36P 115,784 118,774 118,774 141,885 143,695 126,197Sugarcanc 2.659,859 2,659,859 2.659,859 2,659,85'? 2,659,859) 2,659,"59 2.627,020Safflowe, 75,777 74,467 72,752 67,,437 86,449 70,914 72,4'X)Barley 5I0 517 523 523 523 523
Chile 15,409 665
1 , 161 15,161 14,789 14,789 14,2941 14,459Beans 30.278 30,278 31 ,()0 31,060 26,428 26,765 33,01Chickpcas 1,239 1,264 1,272 1.272 1.250 1,251 1,585Tomatoes 223,682 202,712 185,237 171.257 153,781 136.241 174,752Sesac 
 9.613 9.475 9,258 8,581 8,161 7,662 9,224M.i7C 194,989 21o),993 198,093 163.852 163.851 163,406 210,801Cantaloupe 9,9606 10.59 10,5,9 9.967 9.966 10,589 6,935Pottocs 45,(65 45,(W,5 16,228 46.228 21,734 22,010 27,139Cucumbers 20 33 35 359 2, 105 2,301 19Watcruiclos 22,213 23,601 23,60! 22,213 22,213 23,601 10,850Sorghum 336,856 311,263 345,670 345,669 345,670 345,669 285,818Soybeans 59,815 58,781 63,3c,9 75,595 63,982 68,7(k, 57,220
Whea 326,06. 320,453 328,585 369.565 369,566 367,959 
 343,979 

the onc hand, the )rice: ofgroups 2 (tomatoes), 3 (c' ilc), an1d 9 (vegetable
oils) .,all increase with (i indicating corresponding reductions in the quan
tities produced for the domestic Maikct. On the other hand, the prices for 
groups 5 (forage crops), 6 (food crops), 7 (cereals), 8 (elons), and 10 
(CUCttinhrs) decrease as ()increases, indicating that pl .luction of these 
crops for i domestic markct imucrm.c,.s a; prodhccrs become more risk 
averse. The qunty Iefctl's are shown in detail in table 8-6 at the idi-n
vidui, commodity .'vcl The prices ol"grps I (sugarcane) and 4 (cotton

fiber) show 
no response to the risk-aversion !-aranlctcr. 

These rcsths confirm t!ic ambiguities involved in predicting the effect
of risk-averse behavior on the supplies of individual crops as discussed in
the section "Method of Incorporating Risk," above. They also suggest a
useful definition ,friskiness in crop production that takes intcrcrop rela
tions into account. I ligh- (low-) risk crops can be defined as thcse in
which production decreases (increases) as producers become more risk 
averse, whereas risk-neutral crops are those whose production is un
iffectcd by (1).

The last columns in tables 8-5 and 8-6 contains the base-year values
(1967-68 to 1969-70 averages) of prices and quantities. By comparing the 
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1,Lodel solutions for different (1)valucs with these basc-year values, we 
have a basis for sclecting the "best-fitting" value of (P. 

Clearly, the solution corresponding to risk neutrality (4) = 0) is quite 
unsatisfactory. It predicts unrealistically high lcvcls of pioduction of 
cotton, tomatocs. cantaloupes, potatoes, watermclons, and sorghum, and 
particularly low prices for groups 2, 3, and 8. There is a definite improve
ment in both the price and quantity fits as (1)incrcases, but this deteriorates 
again as (1)approaches 2.5. In the latter solution, the quantities produced of 
tomatoes, maize, and potatoes become unrealistically low, whereas those 
for rice, cucumbers, sorghum, and wheat bcccimc too large. 

In selecting a v.lue ot' (), wC have chosen t concentrate oi the com
niodity group prices because thc ina rkcv structure ofthc model can only be 
exp:cted to work &'stat the level of the demand g rou p. The last row of 
table 8-5 reports the simple N.ID's (mean absolute (cviatiols) of the price 
fits a'id clearly dcnonstratcs the supcriority of the solution for (1)= 1.5. 

We conclude that introducing risk-averse behavior intO the AI.I,'I mod
el signiticantlv improves ts predictive power compared with the more 
usual assumption of risk neutrality (tle price MAO is reduced by 44 percent 
when (1) to 1.5), -nd that a reason.,',!c measure of theis incrcaserl from 0 
risk parameter at the aggregate farm level may be about 1.5.10 

Tabl- 8-7 reports the comparable price solutions troi. the uirrA model. 
The commoditics werc not grouped in this model (deLm1a:1d indCpcndence 
is assumed), and, because some prices are fixed exogenously to the model, 
these are not rc[ ortcd in table 8-7. Table 8-8 shows the effect ofdiffercnt (1
values on the cropping patterns in the state of Sinaloa. We reported 
production in m,'tric ",)iisfor tle At';.iIA model because there are i portant

yield differcnccs between districts in that model, but this is not a problem
 
with the rIlrAmodel. The figures ilhectares Incorporate production for 
both the export and domestic markets, which is also aii essential feature 
given the irportanc of vcgetable exports in the BETA model. 

The model shows considcrable flcxilility in its respoinse to ditfrcil(( 
,'alues, a fcaturc reflected in the wide range of ilcctarag! valucs for each 
crop. Toii ,tocs, pClpcrs, cotion, sa llowcr, and soybcans exhibit high
risk behavior in that their pr,)duction fais rapidly as risk aversion in
c e-ses. whereas w.hte.t, sc.saie, and maize are clearly low-risk crops. 

Comparison of thc model soltions with base-period values (197.3-74 
actual figures in this case) .'gain shows that introducinlg risk-averse be
havior leads to significant improvemcnts in the model's predictive powers 
as compared with risk neutrality. In this case, the best price fit occurs 
when (1)= 0.5 (the price Nt.o is reduced by 52 percent as (1)is increased 
from 0 to 0.5). 

10. Assuming normal distributions, this (1 valuc corresponds to a 6.7 percent confidence 
band, which is very close to the sort of risk levels accepted by statisticians! 
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Table 8-7. Price Solutiois for Different Values of r?, BETA Model
 
(pesos per kilo)
 

Values ojf(1 Base
year

Crop 0 0.5 1.0 1.5 values 

Vegetables" 
Tomatoes 3.493 3.879 4.034 4.226 3.850
 
Peppers 4.002 4.747 4.759 4.978 4.852
 
Cucumbers 2.824 2.888 2.900 2.676 2.764 

Other' 
Cotton 2.414 2.524 2.560 2.619 2.470 
Safflower 1.371 1.526 1,658 1.839 1.600 
Soybcans 1.485 1.490 1.534 1.622 1.450 
Chickpeas 1.427 1.447 1.449 1.451 2.100 
1ice 1.082 0.987 0.871 0.884 1.075 
Beans 2.001 1.993 1.979 2.026 1.980 
Wheat 0.825 0.775 0.743 0.725 0.800 
Sorghum 0.655 0.637 0.589 0.616 0.625 
Sesame 3.055 2.842 2.340 2.286 2.778 
Maize 0.995 0.873 0.745 0.654 0.844 

MAD 0.210 0.101 0.164 0.215 

a. Export prices; that is, average U.S. wholesale prices for winter season. 
b. Domestic prices. 

Effects on supply response behavior 

Our results have already shown that the introduction of risk-aversc 
behavior into the models leads to different lcvels of production for most 
crops compared with the assumption of risk neutrality. These results are, 
of course, estimates of single points on the product supply functions, but 
they amply demonstratc the biases inherent in ignoring risk-averse be
havior in aggregate linear programming models. We turn now to an 
exploration ofthe broader effects of risk-avcrse behavior on both the slope 
and location of the domestic supply response functions for selected crops. 

Given that most domestic prices are endogcnous to our two models, it is 
not possible to derive ditectly the cffccts of price changes on domestic 
supplies. Rather, the location of the domestic demand curves must be 
shifted, and the model allowed to determine the new equilibrium values of 
both prices and the quantities supplied. Supply response functions derived 
in this way also allow for price and quantity adjustments in all other 
markets; they are not, therefore, the partial supply functions described in 
economic texbooks but must be considered as total supply response 
relations. 
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Table 8-8. Cropping Area in Sinaloa for Different Values of F, 
BETA Model 
(hectares) 

Valuet of4 Base-

Crop 0 0.5 1.0 1.5 
year 

quantities 

Vegetables 
Staked tomatoes 21,713 15,117 11,996 8,595 14,200 
Ground tomatoes 4,459 0 0 0 1,400 
Grecn peppers 11,98.1 3,379 3,379 2,409 2,909 
Cucumbers 2,107 1.869 1,697 2.531 3,643 

Other 
Cotton 64.232 53,4019 51, 4), 46,210 48,075 
Safflower 98.976 72,983 52,751 27,187 81,471 
Soybeans 104.685 103,267 102,005 89,111 117,827 
Chickpeas 
Rice 
Beans 

17,115 
31,308 
32,165 

16,646 
33.047 
32,165 

15,396 
35,576 
32,187 

15,396 
3-1,733 
32,180 

25,844 
51,505 
35,524 

Wheat 28,685 .8,77o 54,142 68,697 49,989 
Sorghum 51,376 55,266 57,005 55,717 .45,798 
Sesame 218 2,597 8,558 9,155 2,584 
Maize 7,087 14,875 18,769 18,88) 17,74o 

To simplify the presentation, we have selected two commodities from 
each model: commodity groups 2 (tomatoes) and 7 (cereals) from the 
A.LeA model, and sorghum and safflower fron the BrlA model. In each 
cxperiment, the demand curve for the relevant group or commodity was 
rotated to the right at discrctc intervals of 5 percent cach on the quantity 
axis while holding all other demand curvcs at their initial positions. The 
experiments were repeated for both risk neutrality and the best-fitting 
values of (1). The supply response functions so derived arc reported in 
figures 8-1 through 8-1. The points on thcse functions depict model 
solutions, and these arc numbered so that I represents the base-period 
solution, 2 represents the solution with a 5 percent quantity shift in the 
relevant demand, 3 represents a 10 percent shift, and so on. Thus, points 
labeled with the same linibcrs in each figure correspond to solutions with 
different (1)values but with idcnticzl demand structures. 

The two models show markedly diffcrent supply response behavior. 
The response relations obtained from the ALPHA model (figures 8-1 and 
8-2) are all highly elastic, with supplies to the domcsii- market increasing 
by about the same percentage as the corresponding shi,"s indemand. 
Apparently, relative equilibrium prices in the ALPAni model aic such that 
production of tomatoes and cereals i-constrained by the vol-'" of 
domestic demand rather than by the marginal pro,'tability ot'these crops. 



Figure 8-1. Domestic Supply Responsefor Tomatoes, ALPHA Model 
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Figure 8-2. Domestic Supply Responsefor Cereals, ALPHA Model 
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Figure 8-3. 
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Figure 8-4. Domestic Supply Response for Safflower, BETA Model 
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The BETA model, in contrast, consistently yields more inelastic supply 
response functions. In this ease, productioa, incrcscs less than pro
portionally with demand, causing prices to increase above their initial 
equilibrium values. Clearly, there is keener competition for resources 
from other crops in this model. 

Genctally, the risk parameter (1)does not have a pronounced or consis
tent effect on the slope of the supply rcspc'nse functions, but it does shift 
their location quite dramatically. By ou~r earlier definition of high-risk 
crops, tomatoes in the ALrA model and ,afflowcr it? the BETA model fall in 
thaz category because their production in tLc base solutions (points labeled 
1) is smaller with the sClected (F values thin when (F= 0. In these cases, (F
shifts the whole supply response: function up and to the left (figures 8-1 
and 8-4). In contrast, the supply response function for a low-risk crop (for 
example, sorghum in the BETA model) is shifted down and to the right
when risk-averse behavior is introduced (figure 8-3). Cerails (maize and 
wheat) in the ALPHA model arc, for all practical purposes, risk neutral. In 
this case, the location of the entire supply response function is barely
affected by introducing risk-averse behavior (figure 8-2), although the 
introduction of rirk does give sonic slope to an otherwise perfectly elastic 
supply function. 

Effects on resource valuation 

One of the claimed bcncfits of constructing aggregate linear program
ming models is that they may provide shadow prices for scarce resources 
that canl be useful in guiding investment decisions. This feature is particu
larly attractive in the Mexican context for valuing irrigation water." Few 
models used for the purpose, however have been specified with risk
averse behavior, so that it is pertinent to explore the biases inherent in the 
approach when assumng risk-neutral behavior. 

Tables 8-9 and 8-10 contain the shadow prices of irrigation water at 
district levels obtained from our models for different values of(. These 
values are taken from annual water constraints and measure the marginal 
annual return from an additional unit ofwater when it is used in an optimal 
beasonal pattern determined by the model. 

Except for the El Fuerte-Guasave region in the BETA model, the shadow 
prices of water consistently decline as (0 increases. Thus,. assuming risk 
neutrality in model specification will most likely lead to an upward bias in 
the marginal valuation of irrigation water. As we argued theoretically in 
the section "Method of Incorporating Risk," however, and as the El 
Fuertc-Guasave region demonstrates, such consistent results need not 

11. See, for example. chapter 15. 

http:POMAIU.DA
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Table 8-9. Shadow Prices for Water 
with Different Values of (F, ALPHA Model 
(pescs ,, thousand cubic meters) 

Value, of (b 

District 0 0.5 1.0 1.5 2.0 2.5 

El Fuerte 313 0 0 0 0 0 
Culiacin 0 0 0 0 0 0 
Rfo Mayo 1,516 1,248 1,123 1,033 851 845 
Guasave 782 355 0 0 0 0 
Ciudad 

"elicias 719 714 523 346 182 115 
oajo Rio 

San Juan 842 598 172 0 0 0 
S;nto Domingo 2,380 1,934 1,672 1,285 943 656 
La Laguna 816 620 487 478 418 352 

hold. Assuming risk neutrality in the DETA mcdel would actually lead to an 
underestimation of the value of water in the El Fuerte-G,.save region 
when compared with assuming the "best-fitting" value of(D. This result 
occurs because the incorporation of risk happens to shift the optimal 
ci opping pattern toward the more water-intcnsive crops. 

Con cILISiOnS 

This chapter has demonstrated that: (1) reasonable estimates of risk
aversion coefficient. can be obtained at aggregate levels through program
mling techniques; (2) biases in estimates of supply response and resource 
valuation may be quite significant in planning models that ignore risk
averse behavior; (3) the descriptive preformiancc ofagricultural planning 
models can be considerably improved by introducing risk-averse be
havioral assumptions, even when such assumptions are based on the 
theoretically problematic (Eu) utility function. The additional data re-

Table 8-10. Shadow Prices for Water 
with Different Values of(1, BETA Model 
(pesos pe, thousand cubic meters) 

Values of( 

Region 0 0.5 1.0 1.5 

Culiadcln-Humaya 732 404 0 0
 
El Fucrte-Guasave 523 558 196 42
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quiremcnts for the incorporation of risk are time-series observations on 
prices ar.d yields, by crop, for the relevant producing regions. Unfortu
nately, this requirement is least likely to be met for the more backward 
regions. The next two chapters explore techniques that may be more 
applicable for these areas, although more research is required !o incorpo
rate the approaches into mathematical programming models. 
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