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sons PRODL;CTION' J,ND WELJ<".t\RE EFFECTS OF ENERGY 
INPµT U!::Cr.lTAn-:--rrr-:s ON ANKUJV ... CROPS* 

Richard n.l_:de!:"ts, Warren E. John,ton and GorCon A. Kin.g** 

!~ Introduc~ion 

A11;riculture continually adjustq to d,anr,ing d"m,1nd and supply condJtions, 
l 

Out ':h'! even.ts. associated W"ith the "energy crii;is" of 1973-74 aprL•ared as an 

a':--r.u?t sl.ift in produ<:'.~ion -:onditio:,n rather than a gradual trenC ln events 

cf tn!! pn,st. An. a~.-d:!.tional si,ock was ;tdve:rse .. ,.,eather conditions in nevt!r:tl 

f;;!,crtant grain prodccing areas of t~e world. resulting in a heightened concern 

ov~r ~ .. ~nrld food s1.1prlics. !n view of these developments, the prospect of 

energy rela~ed i~put nhortR~es e~d r~pidly rising agricultural energy costa 

1s a ~tter of r!:!..-1jor co!\cern for groups assoc.tate.d with agriculture, Clw.ngea 

in regional and national production patterns resulting from energy availnbili~y 

-1:-,d cost adjustments or related policy rl.i::cir;i.ons, could have important trade 

::i.nd wclf.1re ir.1pl.ication'3, hvth c!otT!esticall_y arid internationally. Further, 

;,rodu,:er and co'lsu"e.r groups within given re1;ions may be affected differe,ntl.ally 

by specific policies. rt is the over::i.11 p:.irpose of this paper to estimate 

~uant!t~1tivety t!ie com~odity price, _quantity and welfare effects ~f varfr,,1~ 

energy CVDilab!lity and cost as~u~pcions nnd policy alternatives for a 

specific production re~ion - Californ!n. Given California's significant, 

national position in t:he produc::ion of m;1ny _cor.m1odities, it is believed that 

certain er..r,irical results, as well as the err:p.loyed methodology, may prove 

of :!nter~st to c~onomists, as t,1e.ll as ~!l/!.\.~e~ti.ng area5 for further inquiry. 

~F~;:.er prescntc:J J.t the South1~r:i. Ar,r icultural :F.conom1cs Association Annuo l Meeting 
)k,t-}le~ Al.)barn~, February 2-4, 1976 
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Re~.;~arch w0s ~•JfTortcd in part by the University of CalitOrnin, Water Resources 
Ce:iter Project No. UC/,L-W-L,83, HEc0nnmic Imr1.1ct of Energy Relate9 Input Quantity 
and Price V~n·J.abi1ity on the Califurni.n Ag-ricultural Sector.'' · 11 ' 
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The sLudy methodology,features rei,ional eupply 1·esponses for i.4 Cs~!Hnrnf.a 

production regions (homogeneous .tn climate anrl vater coRt ,:~aracteristks 

further delineated in two soil quality classes) to reflect adjustments in 

production levels assod.ated with va,:ying connnodity prices. The quant!fkation 

of che model is achieved via quadratic programming techniques. The price 

endogenous nature of the modal, coupled "'1th the inclusion of yiP.ld ,,ariability 

<,r urisk" variables, provides a realistic frame.,.,..ork with which to adJress d1£ 

"nolyais of vegetable and field crop supply response under varying parameter 

~djustments. The study is a short run comparative static &nalysis, with the 

period 1969-i2 serving as the base period. Production outside California is 

t2.ken as given. The imp;,.cts- of three commodity price levels, two ener-gy 

input cost levels, and four er,ergy availability levels on t:aliforn!a agriculture 

are explored for 1977 )_/ The effect of these p0rameter adjustr.ents are 

measured by changes in the levels of irrigate{t c:rop acr~aie and production. 

ar.d in the rc~ulting changes in consumer and producer "elfare.· {For additional 

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

lar1d, water and ,energy inputs, see AC:ama, 1975). 

II. The Model 

The mathematical model used in this study bears close resemblance to 

several models pnsented or referenced in recent issues of A:AE, specifically 

those developed Ly Dulcy and Norton (ln3), Hazel and Scandizzo (1971.); 

and SirnmonR an<l Pomerada (1975). In the two latter references, the Dui6y-

1../ Th~ three cm1:1nodity pric1?.: levels• d1::.~s ign2d to represent a low, m~diurn and 
high set of commodity prices for 1977 ;ire reflected in adjustrnencs in the pr!,.:e­
forecasting equation intercepts. The low and r.1edium sets :.,ere achieved v!.a a 
25 ;ind 50 percent increase in 1972 intercept values, respectively, while the 
high price set is represented l,y tl,e h!ghest actual prices observed in 
1973-7/._ The t_W() energy input cost s~ructures exar.lined are based en adjust~ents 
to the 1972 varia~le cost structure, ~ ... 1th one cost level portraying an inc:rease 
equal to the observed and anticipated rise-in nll farm non•energy inputs for 
the period 1972-77 (M,dcratc energy cost pr,,Jecti.on). Energy availability levels 
within the stuJy projecc1on period are derived by reduc·do.ns b ;,rojected 
1977 energy quantities, with such reductions beinf; of the i:;ar,nitu<le of 20 
and 40 percent, for bvth fuel (gasoline and diesel) ar,.l fertilizer inputs • 
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~ort,on tio<lel is expanded to incorporate risk into production decisions. 

Un.like the above models,' howe.ver, the model, presented here' employs a' quadratic 

solution procedure similar to those dev'eloped by Takayama and Judge ·(1964) .' 

Perhaps the most ~otable feature' of these models is the inclusion of 

product demand through the use of price-forecasting equations. This price i' 
endogenous characteristic, as well ns the nature of the maximand, makes the 

model formulation particularly applicable to agricultural plannin~ problems. 

-Dulay and Norton {1975) provide a. detailed discussion of the model characteristics 

and necessary conditions for the existence of an optimum, as ·well as a review 

of precursor Ceveloprnents. 

The study model, given the quadratic objective function and the convex 

(linear) constraint act, is couched as a quadratic programming problem, 

Specifically, the objective function takes the following form: 

Max ,r • q'(a + .5 bq) ~ c'(q) 

Khere q Q a vector of aggregate activity levels in quantity units 

(e.g., 1000 cwt or 1000 tons); 

a· and b are elements of the linear demand structure (P • & + bq) · ' 

a• vector of intercept terms; 

b • negative diagonal matrix of slope coefficients; and, 

c • vector of activity vnriable cost levels 

As discussed by Dulay and Norton, the' maximization of the abov~ objective 

fun:tion ts enalogous to maximizing the sum of consumers' and producers' 

surplus, a condition which ensures a perfect,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 

quantitative mea,ure of welfare under varying.policy parameter adjustments, 

\ . 
I· 

! 

i 

-1,-

Th_e model objective ,unction :ts bounded by a convex constraint set of 

the following form: 

Aq ::_·b 

·. where: A 'is an M x N matrix of input-output technical coefficients; 

and bis an M x 1 vector of resource availability levels. 

The quadratic programming.problem defined by the convex constraint set 

bounded quadratic objective function was solved via a non-linear program::,ing 

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

This algorithm, identified as FCD, when interfaced with the University of 

California, Berkeley ALPH.AC simplex algorithm, provided a po..,erful eech.anis~ 

for solving problems with non-linear objective functions constrair.ed by 

a system of linear equations. This software system was adapted and used on a 

CDC 7600 computer located at the Lawrence Radiation 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 para::.eter 

alternatives to which the large study problem was addressed,Y 

III, Commodity.Demand 

Linear demand functions of the following form are specified at the farm 

level: 

p •a+ Dq 

where p is an n x 1 vector of prices, a is an n x 1 vector of constants,· 

Dis a negative diagonal matrix of price-quantity slope coefficients, and 

q is an n x 1 vector of quantities. It should be noted that a diagonal D 

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

1/The 14 production regions, with from 3 to 21 real cocunodity 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, 

1/ 
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Alt~ough less than rigorous from a theoretical viewpoint, major emphasis 

here is placed on farm-level price forecasting equations that attempt to 

cn?utre the effect of California production, production of ·other regio~s,· and 

other variables on California commodity prices, , 

The general specification of a price forecasting model includes 

variables for. California production (or the aggregate of the 14 sub-regions · 

contained vithin the study) and "other'; U.S. production.1/ 

vhere: 

Pei• season average price received by farmers in California for 

commodity i, 

Qc0 • p~oduction, California 

Qc1 • production, "other" U.S. production 

Si • existing stocks, U.S. 

Y • U.S. aggregate disposable personal income 

On a s~asonal and annual basis, pr.ice-forecasting estimates for· 37 

co~.modities were required, 33 of whi~h were obtained via the above model,i/ 

Price-quantity relationships for the remaining four commodities where 

sit::?.u.ltnneit)" was susJH!cted were derived fI'om more detailed econometric 

fi tu<l !es .1/ 

31 
-- frc-n; an ecor,cmetric viewpoint, it appears reasonable to treat some annual c'Cop 
production as predetermined "W"ithi.n the cro;, year. That is, current yea~ ·pro­
duction is not affected by current value of the other varl.ables in the same 
equaticn structurct particularly price. Thus, quantity can be used as an 
i~depe~dent variable in least squares price-forec5sting equations to 
obtain unbiased statistical estimates. 

!J lnde;,endcnt variables other ch,in "production, California," were evaluated 
Et mean leY<els and ndded to the intercept terms in the objective function 
specification, resulting in general price fo~ecasting equations of the form 
Pc1 • a1 + d1Qc1• · 

z/ The fo:,r co=ioditics and the sources from which .they were derived are: 
cotton (Blakley, 1962), processing tomatoes (King, et al., 1973), . 
sugar beets (Bates and Schmitz, 1969), and safflower (Houck, 1964). 

. \ 
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IV. Risk Treatment 

_Attempts to incorporate risk in quadratic programming models date back 

to Freund (1956). Recently, Hazell and Scandizzo (1974) have reneved inter~st 

in inclusion of risk variables in large programming problems. These authors 

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

projections 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 variability, price fluctuations,.or 

the combl.ned effects of both; Given the validity of the risk-avo!rse 

behavioral hypothesis, as established by Lin et al., (1974) fo: California 

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

If a particular crop is considered "high risk," risk-averse farmers vill. be 

less inclined to produce extensive acreages of that commodity. Hence, 

deterministic agricultural models, where all crops are treated as risk 

homogenous (or risk-free) tend to result in the over-es.tirr.ation of "hig!i 

risk" crop production at the expense of "low risk" activities. 

The Ha.zell-Scandizzo approach to risk involves the attachment of a risk 

element to the cost structure of the model objective function, The risk term 

is essentially a marginal cost equal to the additional expected return de.r.anded 

by producers as compensation for taking risk. Simmons and Pomerarla (1975) 

employ this technique in an empirical study of Mexican vegetable exports. 

Varying levels of "risk compensation" are tested, ranglng from the deterministic 

case (no risk) to a level equal to 1. 5 times the cropping activity standard 

deviation of expected gross returns. The inclusion·of such compensation 

for risk improved their programming results, based on comparison "11th actual 

activity levels. 

The treatment of risk in t_his model follovs the Hazell-Scandizzo technique 

by.including an additional marginal cost to the cost structure of the objective 
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flrt>ction • The basic source of· introduced risk iB confined.to yields, assuming . 
that input costs and the market demand structure (as defined by the estimated 

prke-forecssting equations) remains non-stochastic_, As a_measure of crop 

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

varil!'te difference method,· is used (Carter and Denn, 1960)'. While the use of 
) 

such variabilit~ coefficients, based on county yield data, tends to under­

estimate subjective risk associated with specific crops, due to aggregation 

bias, such coefficients do recognize the stochastic nature of yields and relaxes 

the deterlllinistic model assumption of homogenous yield variability across 

crors - a critical assumption in view of the seasonal yield variabilitiea 

observed in 010st vegetables. The model risk compen~ation cost for each crop 

· is thus the product of the specific regional variable cost element.in the cost 

vectors and the associated yield _variability coefficient. 

V. Policy Implications in the Study Methodology 

The maximand of the mathematical model utilized •·1n this study is the sum 

of the areas under the crop demand curves, ·less supply c~sts associated with' 

the optimal ~uantities of each crop activity.· Because of this characteristic, 

each model provides a quantitative measure ·ot' the total revenue, in d~llars,. 

to two distinct groups·: (1) producers; who maximize returns to' la~d and management 

(producers' surplus); and (2) consumers, whose· benefits· (cons.umers I surplus) 

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

and net revenue to producers. Thus', comparison of the values of these components 

a~.ong alternative model outcomes, serves as a relative indication of welfare gains 

and losses to the respective groups.fl 

!'within the maximand, the welfare of these two groups may be differentially_ 
"traded-off'' in the optimization· procedure. Thus, one,. both, or neither 
groups may benefit under the parameter adjustments, 
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While the use of produC4!rs' and consumers' surplus as an empirical 

measure of welfare is the subject of continuing 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).l/ Even in the absence ( 

of any judgements concerning the merits of associated income redistributions, 

the empirical results obtained via this methodology may provide a quantitative 

measure ~f the aggregate net gain or loss, as well as identifying the 

gainers and losers, associated with alternative model outcomes. 

It is.recognized that the quadratic programming formulation and the 

·associated analysis of consumers' and_producers' surpluses may not 

provide_a totally acceptable means of establishing societal·gains and losires. 

.However, the process of disaggregating gainers and losers !ro:n the 11:1Bxiinand 

reveals clearly that under most economic adjustments, gains and losses are 

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

VI. Empirical Results 

. To provide a framework of reference for the 1977 projection models, tvo · 

1972 base period models ar_e presented in Table 1, Both base codels represent 

_1972.observed 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 constraint for 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 1973-74, several allocation 

LI Obviously,' sn 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. 

, .. ,,_. .. 

. 
I. 
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prog~ams were advanced, including a mnndatory regional allocation policy, 

Further, energy input suppliers were faced with curtailed supplies, as a result· 

of manufacturer !mpo.sed quotas, with such quotns based on past sales,· An· 

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

based on past •purchases from respective suppliers. While not totally fixing input :· 

supplie3 within a specific region, this scheme did reduce input mobility, 

To examine the impacts of a rigid regional allocation policy, a second base 

model for 1972 was evaluated, with each region receiving levels of energy 

inputs comparable to actual recorded usage. A comparison of· these base model 

:results with actual, is provided in Table 1. 

The 1977 projection model results, portraying varying adjustments to. 

1972 parameters, are presented in Table 2, As a basis for comparison, 1972 

rod el results for the regionally constrained model are also provided, All 

1977 projection results reflect energy levels allocated at the regional level. 

The projec~ion models co•,er a range of commodity demand assumptions (3) 

integrated with the two energy cost levels. Each of these 6 models is further· 

subjected to varying levels of energy availability with respect to nitrogen 

fertUizer and fuel (gaso.line 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. 

htgh~r energy cost assumption. The other demAnd-cost models serve as a 

· basis for compari5on with both the "most likely" model and 1972 base results, 

◊bs~rvations gleaned from the model results with respect to acreage levels 

and prices are not totally unexpected. Impo_sition of regional energy constraints 

generally reduced crop acreages, particularly in certain field crops, with an 

attendant rise in comr.,odity price levels. Vegetables appear somewhat less 

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

tomatoes, the state's most important vegetable commodity, 

rr==-=··· r1 , 
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'1 
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CO}ll'AJUSON OF :·TATEWIDE AND q 

h · ACREA~~~I~~~\~~~;~1/' ~i~!l~~~~A~~Di;69-72 
'I 
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\. 
I 
i 

Crno 
units 

Field Croos 

Beans, dry 
Cotton 
Feed Grains 
Rice 
Safflower 
S.ugar Beets 

Total Field Crops 

Vesetables 

Broccoli 
Cantaloupes 
Carrots 
Caul if lower 
Celery 
Lettuce 
Onions 
l'otntoes 
Tom3tocs 

Proc,;ssed 
Tomatoes 

Fresh 

Total Vegetables 

Total, Alt Crops 

Statewide Energy Regional Energy 
Constraint Hodel Constraint l!cclcl 
/lcrcaoe I Price i\crcarc I Pri.ce 

1000 acres! ~/ton 1000 acres I $/ten 

224,0 . 135-20 156.6 196,80 
993,l 895.60 531.5 940.00 
801.8 62,50 439.2 72.50 
173,5 139 .80 222.8 137 ,60 
331.9 .129.90 145,2 131.60 
~- 16,66 191.7 16.67 

2723,2 1736,9 

49.3 215.80 36.5 232,40 
58,3 124.30 56.0 127 ,55 
31.5 90.20 29,l 93,97 
14,8 222.90 13,2 245,6 
20.2 94.85 18.7 99.05 

157,4 101.95 141.0 107,90 
56. ,, 38.70 33,5 46.35 
76,9 62.88 68.4 70.16 

314.0 22.23 187 .o 30.6 

_ll.:.1 204.80 ~ 210.10 

.l.li?.:.l _2.ll.,j_ 

3553,5 2368, 2 

1972 Actcal 

,\crcai:e ! Price 
1000 acres I $,ton 

176,3 ·285.00 
7~6-5 576.00 

.1269.8 55-~0 
369,2 111-80 
200. 7 · 113.00 
~ 15-57 

3085,4 

37 ,3 20,.10 
58.l 141.JO 
26,9 lOS.9') 
19,5 197.70 
17,2 106.60 

139.0 101. 1.0 
24.9 76.SO 
81,9 58,96 

181,9 33,20 

3~-1 293,8 

617 .8 

3703,2 

.l/ Actual price for vegetables represents weighted average of seasonal averaGe prices, 
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I TABLE 3 
EHF.CTS OF NITP.OGF.:l FEr.Ttl.lZF.R, A.'>D COMBINEl1 

NITROCL:I fF.RI1LlZ!:R A.">D Ft:EL REDt:Crto:1s, o:: 1977 
Pr.O.IECTEO CF.OP Gi(OUP ACRF.,\CES 

I _.;_ ______________ -"'E".<Lrz:L!-Va ila b 11t tV Ass,11,pt ion .. 
Model and 1977 207, ?,.,uuctl.cn 40¼ Reduction 20:; Reduction 1977 1,0;; Reduction 19; 
Mua~~ Tvoe Level .ill.L!JJJ;m.n 1977 Nitr~ Nitrogen and Fuel Nitrogen .lnd Fuel 
Moderate Energy 1000 Acres 

i: 
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Cost Assumption 
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Field Crops 
Vegetables 
Total 

Mee i 1J!n DPmand 
Field Crops 
Veget:ibles 
Total 

High Der12nd 
Field Crops 
Vegetables 
Tot2.l 

Accelerated Energy 
Cost Assumption ,... 
I.ow Demand 

Field Crops 
Veget:ibles 
Total 

Mec!it.:~ Det12nd 
Field Crops 
Vegetables 
Total 

P.igh De:nand 
Field Crops 
_Vegetables 
Total 
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At;,reages of major cOllllD')dity group~ for the projection period, as provided 

in Tables 2 and 3, indic;te a rather strong negative response by vegetabl~s I 

to high energy input cost levels. Field crops, however, expand acreage_at the 

expense of vegetables. However, even under a high energy cost assumption,1 

vegetable acreage in two of the three models exceeds 1972 base acreage, The 

acreage pattern under reduced energy levels displays no pronounced directiional. 

movements, exce~t that fertilizer reductions, in isolation, generally increase 

8/ total cropped acreage.- Combined effects of nitrogen fertilizer and fuel 

reduction dampen acreage levels from both nitrogen reduction models and_ 

1977 energy 1-,vel re~ults. Again, vegetable acreages, with the exception ~f 

the lo" de=nd models, reMain viable, registering actual increases in acreage 

over the 1972 regional energy model results. Such response would appear to 

indic:ate that Cali!o_rnia will ,emain a significant supplier of vegetables, 

in the aggregate • .2/ 

VII. Cains and Losses from Alternative Energy Policie·s 

The =ximand of each model represents the integration of the producing: 

and consuming sectors through the price-forecasting equations, Any _modei 

• solt,tion is ''c•ptimal" in the sense that it represents the maximization of the 

aggregate of these two surpluses under the normatively-imposed constraint set, 

Therefore, from the viewpoint of society, each model solution represents 

,,hat is "best" vith respect to production of the model commodities, l!owev~r, 

within the rnaximand, the welfare of these two groups may be differentially' 

_§_/ This observation is consistent with lower yields associated with nitrogen 
reGucation, and the specification of activity levels, in terms of quantity 
units, rather thnn acreage. Thus, given surplus irrigable land in most regions, 
the t>Cd~l solutions reflect the substitution of land for fertilizer in the solution 
procedure •. 

J_/~ithin vegeta;les, 
declining acreages. 
expansion of tomato. 

broccoli, cauliflower, cantaloupes and potatoes, display. 
These acreage reductions are offset by substantial 
lettuce and onion acreages. 
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·"traded-off" in the optim!zatioit procedure. Thus, one, both, or neither group 

may benefit under the parameter adjustments. The gains and losses associated 

with energy alternatives, and their accrucment among consumers and producers, 

are presented in Table 4. 

Of the model solutions obtained, the welfare effects of four general 

adjustments ere perhaps most relevant.· These include: (1) ~ffects of 

regionally mandated energy allotments; (2) effects of rising energy costs; 

\3) effects of fertilizer reductions, and, (4) the effects of fuel reductions. 

The latter three effects, for the projection period, are 6epicted via use of 

selected models, specifically the medium demand assumption interfaced vith the 

energy cost assumptions, Other projection models, in general, portend the 

same set of results, 

From Table 4, total impacts of the abov_e 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 is perhaps more rel.evant is the 1I;eans by 1-flich 

such reductions.are_nccomplished. 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 

reduction occurs in the economic surplus accruing to consumers. Similarly, in 

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

million, While the absolute reduction in consumers' economic surplus is less 

than producers', the percentage-reduction for consumers is great~r • 

Contrarily, the effects of fertilizer reductions on consumers are less 

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

remains-relatively constant or even increases when fertilizer supplies are 

reduced. The reduction in the maximand is thus generally achieved via a 

: I 
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comparable reduction in p~oducers' su1;plus. This observation is consistent 

with the "optimal" set of crop activities in the fertilizer alternative models • 

The "optimal" quantHies of_ each crop remain silllilar to quantities in. the. 

primary models; however, acreages expand to adjust for lower yields. Thus, 

prod,Jcers' gross revenues do not change significantly, while production costs 

rise in proportion to the expanded acreage, resulting in lower producer net 

revenues. Therefore, 11iven the constancy of "optimal" quantities, the surplus 

-to consumers remains relatively unchanged. 

The impacts of reduced total energy (nitrogen, gasoline and diesel) 

diverge f_rom the above observation on reduced fertilizer supplies in isolation, 

i.e., the effects on consumers are greater than on producers. While the 

imposition of reduced fuel results in decreases in consUlllers' surplus, the 

revenue of producers' increases over that realized in most reduced fertilizer 

models, 

VIII. Summary and Conclusions 

This paper has e~ploycd a quadratic programming model to provide quantitative 

estimates of possible price, quantity and welfare effects that could be 

expected as a result of alternative energy input assumptions. The welfare 
I 

effects of these parameter changes are evaluated by using the concepts of 

economic surplus. 

The empirical results suggest that vegetable production, in the aggregate, 

··.,will continue to be a viable cropping alternative for California farmers, unless 

the overall level of commodity prices drops sharply. Within the vegetable 

group, some commodities such as processing tomatoes and lettuce, show strong 

gains. Such a response suggests that.this region's contribution to national 

commoditymarkets will remain significant. However, vegetable acreages are 

.. , 
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, sensihve to high energY. cost ,levels, as ~eU ,as to some avaUabHity levels, 

+' The welfare of producers 'a,;d consumer~, as ~easured by ~conomic s'urplus, , 

indicates that some parameter adjustments may have more severe impacts on,one 

group, Produc-ers' revenue~, 'in gene,ral, ~re sensitive to energy availability 
.. 

levels, whereas consumers' losses are most severe under, ener~Y., cost ,adjustments, 

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

abundant supplies of energy,, at moderate prices, to the on-farm _agri,cu~tural 

sector. 

The partial equilibrium analysis of the study obviously places limits on 

the policy content qf the ll!odels. Additionally, the price-endogenous'nature 

of the model places importance on the estimated price-forecnsting equations, 

Lack of alternative estimates makes the estimation process more difficult, as 

there s:re few sources of comparisons. The lack of such estimates is•pronounced 

in ,·egetables, particularly on a seasonal basis, Additionally, the 

aSS"13'?tion of zero cross-price effects may be questionable for some commodity 

groups. The model solutions also display a high level of sensitivity to small 

adjustments,in the price intercepts., However, given the range of variables 

an,! parameters examined, 'the direcdoilal aspe~ts of the models appear 

~ufficiently well established to deal with broad policy questions of, the 

type <iis,cuse!!d above. 
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