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SOME PRODUCTION AND WELFAﬂR EFFECTS OF FWLRGY
ot ok

L “PDT UNCERTAINTIRS ON ANNUAL CROP

Richard Y.[ Adems, Warren E. Johnston and Gordon A. King#x

I. Introduction
Agriculiture continually adiusts to changing demand and supply condition%,
{

but the events associated with the "energy crisis' of 1973-74 appeared as an

2hrunt £5Lft In proedustion conditions rather than a gradusl trend In events

ef the past., An additioésl shock wae adverse weather conditions In several

important grain prodecing areas of the world, resulting in a heightened conc&ré

over world food sup“1ies. In view of these developmants, the prospect of

energy related input shortages snd rapidily rising agricultural energy costa

13 & matter of major concern for groups associated with agricultura. Changes

in regional and national production patterns resulting frem energy availabiligy

And cost adjustrments or related policy dacisions, could have important trade

and welfare implications, bhoth domestically and internationally. TFurther,
sroducer and coasumer groups within given repionsz mzy be affected differentially

by speclfic pelicies. It {s the overall parpose of‘this paper to estimnte

quantitatively the commodity price, quantity and welfare effects of various

energy eveiiablilicy and coust assumpiions and poliey alternatives for a

specific production recion ~ California. Given California’s significaqt

national position in the production of many commodities, it 1s believed that

certain enpirical results, as well as th

‘WP|oy9d methodology, may prove

of interest to economists, as well as supcesating areas for further inquiry.
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The situdy methodology.features regional supply fésponses for 14 Laliforal
production regions (homegeneous in climate and water cost characteristies
further delineated in two soil quality classes) te reflect adjustments in
proeduction levels asscciated with varying commodity prices. The quantification »
of the medel is achlieved via quadratic programming techniques. The pceice
endogenous nature of the model, coupled thé the inclusion of yield variadility
ot “risk" variables, provides a realistic framework with which to address the
analyasis of vepgetable and field crop supply response under varying parameter
adiustments. The study is a short run comparative static analysis, with the
period 1969-72 servings as the base period. Proéuction outside California 1s
teken as given. The impacts of three coméodity price levels, two enevgy
input cost levels, and four energy availability levels on Caiifornia agriculture

are explored for 1977.i/

The effact of these pacameter adjustments are
neasurad by changes in the levels of irrigated crop acreage and production,
and in the resulting changes in consumer and preducer welfare. (For additional

impscts on regional cropping patterns, on-farm net revenues, and demand for

land, water and energy luputs, see Adama, 1975).

II. The Model

The machematical model used in this study bears close resemblance to
several models presented or referenced in recent issues of AJAE, specifically

those dévelopeé u¥ Duloy and Norton (1%973), Hazel and Scandizzo (1974),

and Simmons and Pomerada (1975). 1In the two latter references, the Duiéy*

i/The thrae commodity price levels, designad %o represent a low, medium aad

high set of commodity prices for 1977 are reflected in adjustments in the price~
forecasting cquation Intevcepts. The low and medivm sets were achieved via a

25 and 50 percent iuncrease in 1972 intercept values, respeciively, vhile the
high price set 15 represented by the highest actual prices observed ixn

1973~74. The two energy input cost structures examined are based on adjustments
to the 1372 variable cost structure, with one cost level portraying an increase
equal to the observed and antiecipated rise in all fars non-energy inputs for

the period 1972-77 (roderate eunergy cost pr:oiection). Enerpy availability levels
within the study projeccion perdod are derived by redweidoas in projected

1977 energy quantities, with such reductions belny »f the magnitude of 20

and 40 percert, for both fuel {gascline and diesel) and fertilizer inputs.
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” Norzon model iz erpanded to incorporate risk into production decisions.’
Unlike the above models; however, the model‘presented here employs a‘quadratic ,
solution procedure simiiar to those devéloped by Takayama and Judge (1964).‘J4
Perhaps the most hotable feature of these models 1s the inclusion of A
product demand through the use of price-forecasting equations.: This price {
endogenous characteristic, as well as the nature of the maximand, makes the B

model formulation particularly abplicablé to agricultural planning problems.

Tuloy and Norton (1975) provide a detailed discussion of the model characteristice

and necessary conditions for the existence of an optimum, as well as a review
of precursor developments.

The study model, given the quadrétic objective function and the coavex
(linear) constraint set, 1s couched as a quadratic programming problem. .

Specifically, the objectivé function takes the following form:

Max m = q'(a + .5 bg) =~ ¢'(q)
vhere ¢ = a vector of aggregate activity leveis in.quantity unit;
(e.g., 1000 cwt or 1000 tons); - ‘
a and b are elements of the linear demand structure (P = & + bg) .-’
where:
a = vector of intercept terms;
) s = pnegative diagonal matrix of slope coefficients; and, .
c = vector of activity variable cost levels
As discussed by Duloy and Norton, the maximization of the above objéctive
function is eanalogous to maximizing the sum ¢f consumers' gnd produqera'
‘surplus, a condition which ensures a perfec;ly competitive solution (P = MC).
The disaggregation of the model objective function into its respective
‘- components (consumers' and‘producers' surpluses) may be used.to provide a

cuantitative measure of welfare under varying policy parameter adjustments.

- e
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III. Commodity Demand

—f

The model ebjective (unccion is bounded by a cohvex constraint set of

_the following form:

Ag <b
" where: A is an M x N matrix of input-output technical coefficients;
and b 1s an M x 1 vector of resource availability levels. ;

The quadratice programming’problem-defined by the convex constraimt set

bounded quadratic objective function was solved via a non-linear programaing

algorithm developed at the University of California, Berkeley (Best, 1973).

This algorithm, identiffed as FCD, when interfaced with the University of
California, Berkeley ALPHAC simplex algorithm, provided a powerful reckanisa
for solving préblems with noa-linear objective functions constraiced by

a system of linear equations. This software system was adapted and used on a
CDC 7600 computer located at the Lawrence Padiation Laboratory, Berkeley
facility. The integration of this system of software with the speed of the
CDC 7600 provided an expeditious means for solving the numerous parameter

alternatives to which the large study problem was addressed.zj

Linear demand functions of the following form are specified ac'the fara

- level:

p=a+iq
where p i8 an o x 1 vector of prices, a i8 an n x 1 vector of constants,
D is a negative diagonal matrix of price-quantity slope éoefficlents.'and }
q {8 an n x 1 vector of quantities. It should be noted that a diagonal D

matrix implies zero cross-effects for competing commodities at the farm level.

Z/The 14 production regions, with from 3 to 21 real commodity activities, on

two soil types, and 156 resource and institutional constraints resulted
in an A matrix of the dimensions 370 x 156. Individual execute times for all
model solutions was less than 42 seconds per run.
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Although less then rigorous from a theoretical viewpoint, majbf empﬁasis
here is placed on farm-level price forecasting equations that attempt to
caputre the effect of California production, production of other reéioﬂs,‘and
other variables on California commodity prices.:

The general specification of a price forécasting model includes ‘,‘ ‘ {
varisbiee for Califcrnia production (or the apgregate of the 14 sup-regions

contained within the study) and "other" U.S. production.g/

~

Pci‘- f(Qci' Qoi,_S;, Y)
where:
Pci = season average price received by farmers iﬂ California for
' commodity 1,
Qco -.p:cduétion. California
Qc, = production, "other" U.S. production
S, = existing stocks, U.S.
'Y = y.S. aggregate disposagle persconal income
Cn a seasoral and annual basls, price-forecasting estimates for BZ

cosmodities were required, 33 of which were obtained via the above modei.i/

" Price-quantity relat{onships for the remaining four commodities where

sirultane{ty was guspected were derived from more detalled econometric

5/
studies.

7
Q’Frcm an econcmetric viewpoint, it appears reasonable to treat some annual crop
productios as predetermined within the crop year. That 1s, current year pro-
duction is not affected by current value of the other variables in the same
equatien structure, particularly price. Thus, quantity can be used as an
independent variable in least squares price-forecasting equacions to
obtain unbiased statistical estimates.

—/anependcnt variables other than "production, Califeornia,' were evaluated

a2t mean levels and added to the intercept terms in the objective function

specification, resulting in general price forecasting equations of the form
= -+

Pci a1 diQCi' .

é/The four commodities and the sources from which Ehey were derived are:

cotton (Blakley, 1962), processing tomatoes (King, et al., 1973),

sygar beets (Bates and Schmitz, 1969), and safflower (Houck, 1964). -

IV. Risk Treatment ‘

Attempts to incorporate risk in quadratic programming models date back
té Freund (1956). Recently, Hazell and S;Andizzo (1974) have renewed interest
in inclusfon of risk variables in large programming problems. These authors

propose a technique for handling risk that may improve the accruacy of supply

projectione from aggregate models, under the assumption of risk-averse

- behavior on the part of producers. Variations in observed income associated

with a particular crop may be due to yield variabllity, price fluctuatioms,.or

. the combined effects of both., Given the validity of the risk-averse

behavioral hypothesis, as established by Lin et al., (1974) for Califernia

. producers, crops with large variation in. income may be viewed as "high risk™ ¢TOpE.

If a particular crop is comnsidered "high risk,"” risk-averse farmers will be
less inclined to produce extensive acreages of that connodity. Hence,
deterministic agticultufal models, where all crops are treated as risk
homdgenous (or risk-free) tend to result in the ove{—estimatioh of "high
risk" crop production at the expense of "low risk" activities.

The Hazeil-Scandizzo approach to risk involves the attachment of a risk
element to the cost structure of the model objective function. The risk term
is esscnci;lly a marginal cost equal to the additional expected return decanded
by producers as c0mpénsation for taking risk. Simmons and Pomerada (1975)
‘employ this Cechniqde in an ;mpirical study of Mexican vegetable exports. a
Varying levels of 'risk compensaﬁion" ara testéd, ranging from the deterministic
case (no risk)‘co a level equal éo 1.5 times the cropping activity standard
deviation of expected gross returns. The inclusion of such compensation
for risk improved thelr programming results; based on comparison with actual
activity levels. ! »

The treatment of risk in this model follows the Hazell- -Scandizzo technique

by including an additional marginal ¢o8t to the cost sttucture of the objective
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fdaction. The basic source of introduced risk is confined to yields, assuming
‘

that input costs and the market demand structure {as defined by the estimated

price-forecasting equations) remains non-stochastic. As a measure of crop

yield variability, the yileld coefficient of variation, as estimated by the

variste difference method, is used (Carter and Dean, 1960). While the use ?f o

such variability coefficients, based on county yield data, tends to under-

estimate subjective risk assoclated with specific crops, due to aggregation

bizs, such coefficients do recognize the stochastic nature of ylelds and relaxes

the deterministic wodel assumption of homogenous yield variability across
crops - & eritical assumption in view of the scasonal yield variabilitles

observed in most vegetables. The model risk compensation cost for each crop

"1s thus the product of the specific regicnzl varlable cost element in the cost

vectors and the asscclated yield variability ;oefficient.

V. Policy Irpiicatlons in the Study Methodology

The maximand of the mathematic;l model utilized in this st;dy‘is the sum
of the areas under thg crop demand curves, less su@ply césts assoclated wicH‘
the optimal quantitles of each crop activity. ' Because of this charactefistie,

each model provides a quantitative measure of the total revenue, in dollars,

to two distinct groups: (1) producers, who maximize returns to land and management

(producers’ surplus); and {2) consumers, whose benefits (consumers' surplus)

may be equated to the residual between total value of the objective function

and net Tevenue to producers. Thus} comparison of the values of these components

amcng alternative model outcomes, serves as a relative ind{cation of walfare gaina

and losses te the respective groups.é/

é/Within the maximand, the welfare of these two groups may be differentially
v,

traded-off" {n the optimization procedure. Thus, one, both, or neither
groups may benefit under the parameter adjustments.

-

While the use of producers' and consumers' surplus as an empirical
measure of welfare is the subject of continulng controversy within the
economic discipline (Bergson, 1975), an effective case can be made for
the use of such measures for policy analysis, under a set of rigorous
assumptions (Willig, 1973; Dean and Collins, 1967).Zj Even in the absence {
of any judgements concerning the merits of associated income redistributions,
the e@pirical results obtained via this methodology may provide a quantitative.
measure of the aggregate net gain or loss, as well as identifying the
galners aﬁd losers, associated with alternative model cutcomes.

It is recognized that the quadratic programming formulation apnd the
assoclated analysis of consumers' and producers’ surpluses may not
provide a totally acceptable means of establishing societal gains and losses.r
However, the process of disaggregating gainers and losers from the maximand
reveals clearly that under most economic adjustments, gains and losses are

seldom neutral., This type of information should be useful to policy-makers.

VI; Enpirical Results
To provide a framework of refefence for the 1977 projection models, two
1972 base period models are presented in Table 1. Both base models represent
1972 obsefved values for the relevant model parameters and data base. '
Within the first model, energy Inputs are treated as perfectly mobile within
and across production regions (i.e., a statewide c@nstraint Eor each energy
input). This model formulation is consistent with the readily available
energy supply situation of the late 1960's and early 1970's. However, as

energy input supplies adjusted during the events of 1972-74, several allocation

l/Obviously."an ordinal measure of consumer utility, derived from individual

consumers' indifference maps, is theoretically correct and desirable. However,

_the estimation of such a metric is infeasible for empirical research.
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progvams were advanced, lecluding & mandatory regicnal allocation ﬁolicy.
Further, energy input suppliers were faced with curtailed supplies, as a result:
of manufacturer Zmposed quotas, with such quotas based on past sales.. An

implicit rationing scheme, in turn, was imposed on agricultural users,

based on past-purchases from respective supplietrs. While not totally fixiné inpucf".‘

supplies within a specific reglon, this scheme did reduce input mobility. T
To examine the impacts of a rigid regional allocation policy, a second base
Todel for 1972 was evaluated, with each reglon receiving levels of energy

»

ipnputs comparable to actual recorded usage. A comparison of these base modei
results with actual, 1s provided in Table 1.

The 1977 projection model results, portfaying varying adjustments to
1972 parameters, are.preaented in Table 2. As a basis for compa;iéon. 1972
model results for the reglonally constrained model are also provideé. Ali‘
1977 profection results reflect energy levels allocated at the reglonal lével. o :
The projection models cover a range of‘commodity demand assumpéions (3
integrated with the two energy cost levels. Each of these 6 models is further -
subjecred to varying levels of energy availability with fespect to nitrogen
fertilizer and fuel (gasoline and diesel) inputs. Of these commodity demand~

energy cost assumptions, perhaps the most likely to prevail in 1977, based

‘on recent observations, is the medium commodity demand assumption and the.

higher energy cost assumption. The other demand-cost models serve as a

" basis for comparison with both the "most likely” model and 1972 base resul;é.

Observations gleaned from the model results with respect to acreage levels
and prices are not totally unexpected.
generally reduced crop acreages, particularly in certain field crops, with an

attendant rise in commodity price levels. Vegetables appear sgomewhat less

~ sensitive to such an allocation scheme, with the exception of processing

tozatoes, the state's mest important vegetable commodity. .

e

AP

Imposition of regional energy constraints R

[ UE—

"ACREAGES' AND PRICES=

TAE'E 1

COMPARISON OF YTATEWIDE AND
REGIONAL ENERGE/*ONSTRAINT MODEL

WITH ACTUAL, 1969-72

Cron

Statewide Energy
Constraint lodel

Regional Energy
Constraint Medel

1972 Actual

Acreage | Price

Acreane | Price

Acreage | Price

units

1000 acres| S/ten

1000 acres| $/ten

" Field Crops

Beans, dry
Cotton

Fecd Grains
Rice ~
Safflower
Sugar Beets

Total Field Crops

Vepetables

Broccoll :
Cantaloupes
Carrots
Cauliflower
Celery
Lettuce
Onions
Potatoes
Tomatoes
Processed
Tematoes
Fresh

Total Vegetables

Total,.All'Crops I

1000 acres} $/ton

224.0 . 135.20
993.1 895.60
801.8 §2.50
. 173.5 139.80
0331.9 . 129.90
198.9 16.66
2723.2 . . --

49.3  215.80 -

58.3 124.30

31.5 50.20
14.8 222.90
. 20.2 94.85
157.4 101.95
56.4 38.70
76.9 . 62.88
-314.0 22.23
51.2 204.80
830.3
3553.5

156.6 196.80
531.5 940.00
489.2 72.50
222.8 137.60
145.2 131.60

191.7 16.67
1736.9 -
6.5 232.40
56.0  127.85
29.1 93.97
13.2 245.6
18.7 99.05
141.0 107.90
33.5 46.35
68.4 70.16
187.0 30.6
47.9 210.10
631.3
2368.2

176.3 285.00

766.5 $76.00
1259.8 55.40
369.2 113.80
200.7 113.00
362.0 15.57
3085.4 -
YR 209.79
5§.1 141.30
26.9 108.99
19.5 ©  197.70
17.2 106.60
132.0 101.4
24.9 6.8
81.9 58.9%
181.9 33.2
3.1 293.8
617.8
3703.2

1/,

v oegm e en t ey - - e
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‘='Actual price for vegetables represents welghted sverage of seasonal average prices.

e g s
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TABLE 3 ,
- EFFECTS OF NITROGEN FERTILIZER, AND COMBINED :
- NYTROZE! FERTILIZER AND FUEL REDUCTIONS, ON 1977
PROJECTED CROP CROUP ACREAGES )
L
: Eneryy Avallability Assumprion
Model and 1977 20% Peduction 407 Reduction 207 Reduction 1977 40% Reduction 19
Acreace Tvpe Level 1977 Nitronen 1977 Nitvogen Nitrogen and Fuel Nitrogen and Fuel
Moderate Energy ) 1000 Acres
Cost Assumption .
Lov Demand ) . . o
Field Crops 1588.9 1519.6 . 2041 .4 1484.7 1611.2
Vegetables 715.8 710.8 . ’ 722.9 708.0 615.0
Total 2304.7 2230.4 ' 2764.3 2192.7 2226.2
fedium Demand . - . . ’ : . 7
Field Crops 1290.9 1922.7 1532.5 1755.4 1397.0
Vegetables 542.4 950.5 1040.2 858.8 758.4
Total 2233.3 2873.2 : 2572.6 2614.2 2155.4
Righ Demand . : -
Field Crops 1595.0 1707.6 . 1673.9 ©1518.5 1485.R -
B Vegetables 961.8 931.5% 1009.4 925.6 789.8
: Total 2556.8 2689.1 . 2683.3 2444.1 2275.4
Accelerated Energy S
Cost Assumption _ R
g . . K - -
Low Bemand o .
Field Crops _ 1746.3 1542.1 . 2334.3 1512.4 15800.1
Vegetables 560.1 552.7 . 576.9 . 566.1 531.7
Total 2306.4 2094.8 ’ 2911.2 2078.5 2331.8
Medisn Demand : . L o _ :
Field Crops 1459.9 2062.1 - 1890.2 1899.3 1613.7
Vegetables - 794.0 206.2 ’ 846.2 771.7 677.3 L
Total 2253.9 2868.3 o 2737.1° 2581.0 2291.0 s
High Demand - R o ) ) ! : )
Field Crops 1831.5 1952.9 : . 1929 1833.5 T 1677.5
Vegetables 857.8 810.7 - . B859.4 786.0 713.5 -
Total 2639.3 2763.6 . . 2788.5 1 2619.5 2319%.0
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ViII. Cains and Losses from Alternative Energy Policies

»

-13-

L] . .
Aqreages of major commodity groups for the projection period, as provided

in Tables 2 and 3, indicate a rather strong negative response by VegeCablgs t

to high energy input cost levels. Fleld crops, however, expand ecreage,ai the

expense of vegetables. However, even under a.high energy cost asgumption*
vegetable acreage in two of the three models exceeds 1972 base acfeage; ?he . :1:'l»i
acreaée pattcrﬁ under reduced energy levels displays no proncunced direct%onal

movements, except that fertilizer reductions, in 1solation, generally inc{eage ‘L~.\“
total cropped acreage.é/ Combined effects of nitrogen fertilizer and fuell ) .”{
reduction dampen acreage levels from both nitrogen reduction models and :
1977 energy level results. Again, §egeteb1e acreages, with the exception ;f

the low demand models, remain viable, registering actual increases in acresge

cver the 1272 regional energy model resulte. Such response would appear to

indicate that California will vemain e significant supplier of vegetables, ",
9/ ' '

in the sggregate.

The rwaximand of each model represents the integration of the proncing; )
and consuming sectors through the price-~forecasting equ;tions.; Any»model 1-fnf; . oo
selution is "optimal” 1in the sense that it represents the maximizacion of the ; SR T
aggregate of these two surpluses under the normatively-imposed constra%ﬁt éet. 51

Therefore, from ;he viewpoint of society, each model solution represenéB: K »"“Q E

what 1s "best™ with respect to production of the model commodities. However, o "

within the maximand, the welfare of these two groups may be differentiéllyl

éjThis observation is consistent with lower yields associated with nitrogen
recucation, and the specification of activity levels, in terms of quantity

units, rather than acreage. Thus, given surplus Irrigable land in most regions,
the medel soluticns reflect the substitution of land for fertilizer in the solution
procedure. . . :

E/Within vegetables, broccoli, cauliflower, cantaloupes and potatoes, display
declining acreages. These acreage reductions are offset by substantial
expansion of tomato, lettuce and onion acreages.

-14-

"traded~off" in the oétimf:atioﬁ #rocedure: .Thus. one, both, or neithér group
may benefit under éhe parameter adjustments. The gains ﬁnd losses associated
with energy alternaﬁives.'aﬁd their accruement aﬁong consumers and producers,
até presented in Table 4. .
of che.model solutions ﬁbtained, fhe welfare effects of four gemeral !

adjustments nre‘perhaps mosf relevant.’ These include: (1) effects of
regionélly mandated enefgy allotments; (2) effects of rising energy costs;
Y3) effects of fertilizer reductions, and, (4) the effects of fuel reductions.
The latter tﬁree effects, for the projection period, are depicted via use of
selected models, specifically the medium demana assumpt;on incerféced with the
eﬁetgy cost assumptions. Other projection models, in g;neral, portend the
game set of results. v

.-‘From Table 4, total imﬁacts of the above adjustments are as expected. That

is, the imposition of economically constraining parameters, such as higher

. costs or reductions in fixed resources results in a reduction in the value of

the objective function. What 18 perhaps more relevant is the means by which

.such redhctions‘are_dcéomplished. Reductions may be borne disproportionately
by one sector. For example,‘under a regional allocation program, total value
"of the maximand is diminished by $182 million. Over $139 million of this

- reductlon occurs in the economic surplus accruing to consumers. Similarly, im

moving to a higher level of energy costs, the total loss approaches $233

','miliion. While the absolute reduction in consurmers' economic surplus is less

than producers', the percentage -reduction for consumers is greatar.

Contrarily, the effects of fertilizer reductions on consumers are less

severe on a percentage basis than on producers. Consumers' economife surplus

remains -relatively constant or even increases when fertilizer supplies are

reduced. The reduction in the maximand is thus generally achieved via a 3
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sensigive to high energy cost ;evels. ag yell as to some availabil;ty levels.
;he welfare of produce;s‘and consumers, as measured by economic surplus,
indicates that some paramctér adjustments may have more severe impacts on:one
group. Producers’ revenues, in general, are sensitive to energy availability
levels, whereas consumers’ losses are most severe under energy cost adjustménts.

There would appear to be an overall gain from a policy designed to provide

abundaat supplies of energy, at moderate prices, to the on-farm ngricul;urnl

gector.,

The partial equilibrium analysis of the study obviously places limits on
the policy content of the models. Additionally, the price-endogenous nature
of the model places importance on the estimated price-forecasting equations.
L£ck of alternative estimates makes the estimation procees more difficult, as
there are few sources of comparisons. The lack of such estimates ig'pronounced
in vegetables, particularly on a seasonal basis. Additionally, the
assumpticn of zero cross-price effects may be questionable for some commodity
groups. The wodel solutions alse display a high level of sensitivity to small
adjustments in the price intercepts. . However, given the range of variab;es
and parameters examined, ‘the directional aspoéts of the models appear

ufficiently well established to deal with droad policy queetions of the

type discussed zbove.
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