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Many agricultural éconémiéts (e.g.ng. Gale Johnson) think that risk
has an important and adverse iﬁfluence on farmers' production decisions.
Others (e.g.,'Robinson)_béiiéve that the possible adverse effects of risk
have been exsggerated. Until fecently little attention has been paid to
guantifying the effect of risk beyond the individual farm level. In an’
econometric framework the in?lusion of ris%_variables in supply response
analysis may be desirable in ofder té predict production more accurately,
to improve the esﬁimates of'parameters in the model, and as an aid to
quantifying the impéct.bf goﬁernment programs that affect uncertainty
as well as prices.

In trying to meagsure risk at an aggregate level, one is confronted
with the problem that mueh of the uncertainty facing individual farmers
may not be capﬁuréd Thus there is a dllemma in that the more highly
aggregated the level of study, the more useful the results, yet the more
likely that important risk elements are missed. ~The two previous studies
incorporating risk variables in acreage response analysis (Behrman‘s and
Just's) took a disaggregated approach (areéé smaller than states). In
this paper, onion acreage response is examined at two highly'aggregated
levels, namely the total United States crop and the late summer crop which
comprises almost two thirds of the U.S. acreage. _

The past econometric approaches to risk analysis may be cla551f1ed
under two headings: the simple spproach of Behrman and of Freebalrn and
Rausser who use a moving standard deviation of past actual pr;cesl(ylelds}
over é specified period as an explanatory vafiéble, and the complei distri—
buted lag approach of Just (1974) who defines lags on lags and estimates
the equations using a two dimens;onal maxinum likelihood gearch over the
unknown lag parameters. In the follow1ng sectlonsg an alternative method

of 1ncorporat1ng and estimating equatlons with risk variables is ouillned
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and some empirical results from on?anacreage response are presented.
These are compared with results using Standard.deviatioﬁskof past pfices.
For the sake of brevity, only price risk is considered, though risk asso=-
ciated with yields can alsoc be incorporated into the model guite easily.
To keep the model and results wmanageable, substitutes which may compete
for the same resources are not incorporated into the model. This should
not cause great concern. Supply eguations aré ofﬁen estimated in the
absence of substitute crops’ priqes_wbeﬁ‘no single substitute is very
important, and the response. of acreage1to a price change is interpreted
as the result of substitution among a iarge number of other crops and
perhaps as & change in total acreage plaﬁtgd toléli crops. A change in
rigsk can be interpreted in the same‘mgnner; If a particular crop warrants
inclusion as -a substitute, the model_maylreadiiy be extended, thoﬁgh the
number of explanatory variables increases rapidly'as the number of substi--

tutes increases.

Methodology
The proposed model specifies acreage planted to be a function of
the (subjectively determined) expected price.of the crop and of its {sub-

jectively determined) expected riskiness.

R AR Wy ot et
where At = gereage planted to the crop in period t,
Pt*l= expected price in periqd t,
Wt% = expected risk in period f,
In defining W * it is important to make s distinction between uncer-

t
tainty and instability. Unstable prices, if known in advance, are not

uncertain and so would not induce any risk -averse reaction. That isi
wncertainty results:only from a divergence between actual and expecﬁedr
outcomes,-aﬁd‘a correct definition of the risk variable should recognize
this fact. The standard devietion-type variables used by Behrman and by
Freebairn and Rausser define risk merely in terms of the instability of

price. It is implicitly assumed that all variation is unexpected.



In thls paper, an observation on risk is defined as being & function
of the difference between expected and observed prices (Pt% - Pt)' There
is however, no theoretical basis on which to choose the exact functional
form of the relationship. As Dillon says "Like béauty, risk lies in the
eyes of the beholder!” (p. 28). But most commonly investigators look at
either the squared or absolute deviations of the differences.

Assuming expected price is a function of past observations on price

o n - .

(Pt = I 1 Pt“i)rand assuming expected risk is a function of past obser-
i=1 -
. ) P # '
vations on risk (say W, = £ 6, |p_ ., -~ P_ ,|), then the model becomes
t j=l .j t-J t"'j
n il % [

AL = By ¥ 81 iil Yi Peg T By jil Sj iPt—j - Ptmj' + ... The estimation

problem involves defining P:-j and forming the risk variable. Clearly
the parameters of the lagged prices must be known.
4 possible way of estinating the equation utilizes aun lterative proce-

dure &8 contrasted to the maximum likelihood method employed by Just.
The procedure is relétively gimple to apply and allows considerable flexi-
bility in defining the risk variable and in selecting the form of the lag
structures. -

| in the first step, an equation_is run omitting the risk variable but
| inéluding the @rice variable in s@me distributed lag form as well as other
supply shifters. The estimated;cogfficients of the lagged prices are then

: *
used to form a first-round estimate of P which is employed to define the

. t
risk variable. Using an Almon-type distributed lag,. for which results are

presented; the model
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(A three period lag is illustrated for simplicity.)



Constraining.the welghts to sum to one,
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In the next step, observations on risk are calqulateél(in this paper,
the -absolute deviations definition is used as it provides the best results)
and the full equation estimated. Of.course, inclusion of the risk wvarisble
;esults in a change iﬁ:the estimated coefficients of the lagged prices,
meaning that the values_of ﬁt* uged in the initial definition of the risk
variable are not those implied by the reestimated equation. Therefore,
expected price is recomputed using the new price weights, the risk variable
redefined; and the e@uafion estimated once more. The process is repeated

until the change in P, from one round to another is small.

t
Pros and Cons of the Estimating ProéedUre and Risk Definition -

The prineipal advantage of the method described is that it allows
risk to be-specified in terms of deviations between actual and expected
prices5 yeﬁris relétiﬁely simple %o apply and affords considerablé flexibility
in speéifying the lag structures and the form of the risk varisble. However,
since the definition of the risk variasble depends on expected price, the
definifion of expecﬁed price is critically important; The assumption
fhéi‘th lag structure on prices is generated sdlély by an expectations
mechanism.may be invalia, and if this is the case (e.g., if an ‘adjustment -
process is also an i@?ortant'cause of a'iagged response of acreage to price),
then the definitioﬁs of éxpeétéd.price and of risk are incorrect. In this
case, a simple risk definition not relying on an expected price genersted
within the model may be more reliable.

A further problem in specifying the risk variable is the likelihood
of an interaction between price and risk. The model assumes the same response
to & given expected price risk at all levels of expected price. More reasonably,
one might argue that a large expected risk causes a greater response when
expected price is low than when it is high. To examiné whether this is
important, an alternative risk variable is defined as the probability of

price falling below some arbitrérily low level. This variable is calculated



by fitting & moving (lognormal) probability distribution to prices and

1/

thus depends on both estimated parameters of the distribution™ , but not

on expected price as lmplied by the price lag structure.

Empirical Resulte o o
Results using 1950-Th data for the late summer and the total United
States onlon crops are @resente& in tables 1 and 2. The decision to study
onion acreage response is based largely on the high level of variability
of‘ohion prices; coefficients of variation of prices for the late summer
and U.S. crops are around 40 percent over the period 1946-Th. For yields,
- on the other hand;:they are only around 6 percent (trend correctedj3 which
provides some justification for examining only price risk. Also, there
- appears to be no_single major substitute for onions which would warrant
inclusion in the model.

| The conventionallsupply response equations, the starting point for

the inclusion of risk, are based on some experimentation. They include

. a curvilinear trend and a dummy variable for 1951. The price-acreage
_relationship was specified in terms of both Almon and geometric-form distri-
 'buted-1ags, and an Almon specification (second degree polynomial and four
period lag) was selected as providing the most reasonable results. _(However,
-the hump-shaped lag‘stfucture on pricés for the 1éte sumer crop was noﬁ
expected & priori. One would anticipate the most recent prices as being
most important in the formation of expectations; hence the possibility that
an adjustment process is also operative might be considered. )

In fitting the risk variablés.by the iterative procedure, an Almon
gspecification with a second degree polynomial snd a four period lag was
first selected {the same as for the ﬁrice lags)., followed by experimentation
to select the "best” lag length. A two period lag seemed appropriate for
risk, and the 1ag,étrﬁcture on prices was not altered sufficiently to warrant

a change in its specification. In fact, all changes in coefficients after

1/ To be more precise, the procedure involves first, testing for randommess
of prices using a runs test, end then fitting a lognormal distribution
to the whole price series, testing for goodness of fit using a xg test.
Given that the lognormal distribution provides an adequate description
of the data, a moving ( two -period) mean and standard deviation are com-
puted and the area in the lower tail is calculated (in this case repre-
senting the probability of price falling below Z2). This estimated prob-
ability is entered as an observation for the succeeding year.
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-Table 1. 'Oﬁion’Acreage Response, the United States, 1950-Th

- Type of Model -
Finsl Round Moving Standard Moving Probability

Conventional Iterative Deviation Distribution
‘Constant 117.089 121.681. . 121.5Lkk4 , 121,099
, (r0.620) - (11.037) (11.236) (10.554)
In T ~ -19.198 20,767  -20.036 ~20.0k41
(~10.433)" (~10.313) (-11.085) (-10.481)
Dig5q ~30.86h 29,209 -28,811 ~30.821
: (-3.837) (~3.353) (~3.715) | {(~3.86%)
ét_l 5.356 ' 5.969 5.528" 4,553
: (3.739) (3.957) - (4.0h1) (2.878)
Py » . 3.390 3.982 3.526 3,281
(2.912) (3.269) (3.172) . (2.832)
Py 5 2.110 2.276 ~  2.035 | 2.318
(1.667) - (1.706) (1.686) : (1.828)
P, ) 1.515 848 1.053 1.665
(.905) - (.506) " (.652) (1.000)
Sum 12311 ©13.075 12.1k2 11.817
(3.571) (3.71h) (3.5Th) .7 (3.313)
Abs, .- ~3.105
oot o (~1.k28)
Abs, - . -2.391
£z ‘ (-1.058)
Sum | —5.&96
(-1.741)
o N : o | ‘ - 24,010
- Bt . - (-1.715)
Pr(P < 2),, | B - ' -13.650
. . | (-1.150)
R o .856 .879 .876 .866
a 1.078 1.089 1.33 .933
s 6.150 5.976 - 5.858 6.098

U 1o . .379 Cheh .368




Table 1. {Continued) _
Dependent variable is 1000 acres planted (méan'= 113;h). T is a ﬁrend

variable, equal to 1 in 1950. D195i is 8 dvummy variable for 1951. thi

(i=1,2,3,4) are prices in $/cwt. deflated by an index of prices paid by farmers

for all production items (mean = 3.50). Abst_i = P%mi - Ptmi’ (mean = 0.8).
Up % is a moving standard deviation of deflated prices for the two years
3

preceding t (mean = .632), Pr(P < 2)’t is an estimated probability of deflated
price falling below $2/cwt., calculated by fitting a lognormal probability
density function to the previous two years' prices (mean = ,058), 4 is

the Durbin-Watson Statistic. = is the standard error of the estimate,

U2 is Theills inequality coéfficient. Figures in parenthgses are t ratlos.

The Almon lag on prices used a second degree polynominl, with no constraints
on the end-points. For thériterative procedure, convergence was obtained-

after three rounds.
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Table 2. Onion Acreage Response, Late Summer Crop, 1950-Th
:'Type-of Model )
Final Round Moving Standard Moving Probability
Converitional Iterative Deviation Distribution
Constant 54.132 51.397 52.597 53.739
(9.057) (8.187) (8.527) (9.092)
-1.391 -1.430 ~1.405 ~1.443
(k. 8kk) - - {-k,850) r(uh.833) (-5.055)
e .053 .052 L0552 1,053
(h.h6k) (4.223) (4.331) - (h.475)
P, 5 9Tk 1.571 1.393 979
{2,466} {2.490) (2.393) (1.776)
Py » 1.387 1.934 1.62l 1.509
(2.566) (2.919) (2.706) (2.767)
Pt&3 1.322 1.700 1.408 1.500
{2.590) {2.695) (2.470) (2.654)
Py ), .T50 867 . 805 .951
(1.534) (1.678) {1.621) {(1.901)
Sum 4,408 6.072 5.249 4,939
(2.590) (3.049) (2.829) {(2.886)
Abs -.993
-l (~1.251)
Abs ~1.070
-2 (-1.216)
Sum ~2.063
(-1.567)
s -7k
p,t (~1.100)
Pr(P < 2),, -5.982
(-1.481)
R2 .806 .834 .822 .831
d 1.338 1.k54 1.396 1.463
s 2.052 2.027 2,0kh0 1.990
U 681 .658 668 66T
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Table 2. (Continued)

Varisbles are defimed as for the U.S. crop {Table 1). Means: Acreage
Planted, 61.90; Price, deflated, 3.2; Abs, 0.86; Spi, 0.822; Pr(P < 2),
0.085. For the iterative procedure, convergence was obtained after two

rounds.
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the first round were relatlvely mineor in nature.

The - coefflclents on these risk varxables ‘have the ant1c1pated signs,
but do not dramatlcally.lmprove the fit of the estimated eguations. Graphs
1 and 2 show the contributions of each of the variables in the final round
equation to explaining the variation in the dependent variable (all variables
are expressed as deviations from means and prices and risk are condensed
to Pt* and Wi*)-g/ Evidently, prices are substantially more important than
rigk in explaining changes in onion acreage. For the total U.S. crop, there
was relatively little change in the magnitudes of the price coefficients
in moving from the conventional to the risk model, but for the late summer
crop the sum of the price coefficients increased 38 percent.

In calculating values for the standard deviation and probability
distribution risk definitions, a moving two year period is used, this being
the same as the length calculated on rigk by the iterative procedure.

As tables 1 and 2 indicate, in terms of the signs and magnitudes of the
models® coefficients and in terms of goodness of fit statistics (R25 5,

UQ), there is little to choose between the slternatives. Although super-
ficially this might iead one to conclude that there is no point in proceeding
with the more cumbersome iterative procedure, it should be remembered that
without having Tirst run the iterative model there would have been no

basis for choosing a two year moving period for these variables. 1n fact,
the results are very sensitive to the length of period chosen. For example,
a four year moving period (the same as the periocd over which price expectations
are formulated) yields perverse signs on coefficients of both the standard
deviation and probability distribution risk variables. Thus even employing
these seemingly simpler models, one is faced with a cumbersome search for

the optimal length of moving period.

Conclusion
While general conclusions can't be drawn from the results of a single
empirical study. it appears possible to incorporate risk variables by the

method described and obtain seemingly reasonable resulils even at a highly

2/ These diagrams are proposed and discussed in Theil (pp. 182-185).
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Contribution of Independent Variables to Explaining
Variation in the Dependent Variable, The United States
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Contribution of the Independent Variables to Explaining
Variation of the Dependent Variasble, Late Summer Crop
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aggregated level. Also, price coefficients for the late summer crop change
substantially with the inclﬁsion of risk variables, which may indicate

that risk shdﬁld:be_ponsidered it accurateIEStimates of su@plyrelésticities
are désired. On the other hand, predictive power of the models does not
appear to be greatly affected (a trace of the predicted acreage from the
-conventional model and from each of the three risk models is virtually
indistinguishable). Depending on thé'purpose of the model and the anti-
.cipated importance of risk in . the crop under consideration, one could.érgue5
given its relative ease, for aﬁ leést including risklvariables throusgh one

or two itérations.
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