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The CARD Linear Programming Model of 
U.S. Agriculture 

Thomas W. Hertel, Paul V. Preckel, and Wen·Yuan Huang 

The Center for Agnculture and Rural Development 
(CARD) at Iowa State UnIVersIty, I\mes, and the U S 
Department of Agnculture's (USDA) EconomIc 
Research ServIce have Invested consIderable effort In 
developIng a natIOnal database for modelIng resource 
use In U S farmIng The CARD lInear programmIng 
(LP) modehng system has been used, to assess the 
Resources ConservatIOn Act (RCA) (8), and to analyze 
the effects of enrollIng acreage In the conservatIOn 
reserve (7, 9) 1 Recently, the model was used to deter­
mIne the cost of conservatIOn complIance once enroll­
ment In the conservatIon reserve was complete (3) 
ThIS modelIng system remams a prImary Instrument 
for assessIng the lInk between land use and aggregate 
U S agrIcultural output .SInce a typIcal CARD model 
IS very large (at Its most detaIled level, the model has 
105 prodUCIng regIOns, 8 land groups, 330 crop rota­
tIOns, and 12 tIllage alternatIves), many of Its under­
lYIng economIC propertIes are dIfficult to assess The 
purpose of thIS paper IS to shed some lIght on these 
propertIes 

We focus partIcular attentIon on a CARD LP's 
response to changIng relatIve Input prIces The 
resultIng derIved demand elastICItIes provIde a 
measure of Input substItutabIlIty In the model 
PossIbIlItIes for mput substItutIOn, m turn, affect the 
way the LP model responds to mcreases m output 
levels and changmg resource endowments The 
greater the potentIal for mput substItutIOn, the more 
slowIy margInal costs rIse as agrIcultural output 
Increases 

Model Description 

The model that we have chosen to analyze IS a reduced 
verSIOn of the filll CARD-RCA model of cost mInI­
mIzatIon for U S crop productIon (4) We reduced the 
SIZe of thIS LP by aggregatIng up from 105 prodUCIng 
areas to the 31 market regIOns shown In figure 1 The 
number of tIllage optIOns was also reduced to the 
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economics at Purdue UnIversIty, West Lafayette, IN Huang IS an 
agncultural economIst, Resources and Technology DIVISion, ERS 
ThiS research was conducted under a cooperative agreement be­
tween Purdue UnIversity and the U S Department ofAgnculture 
The authors thank Tony Grano and John Mlranowskl for their en­
couragement of thiS research ' 

l[tahclzed numbers In parentheses- 'CIte sources listed In the 
References sectlon at the end. of thiS article 

three major alternatIves conventIOnal-. mInImUm-. 
and no-tIllage These SImplIficatIOns make the con­
structIOn of usefill summary elastICItIes feaSIble 
WIthout substantIally alterIng the shape of the 
model's aggregate Isoquants Even after these reduc­
tIOns, over 13,000 alternatIve crop productIOn ac­
tIVItIes remaIn In thIS model 

NatIOnal commodIty demands for wheat, feed graIns, 
cotton, soybeans, corn SIlage, sorghum SIlage, legume 
hay, and nonlegurne hay, as well as resource endow­
ments, are fixed m thIS problem 2 Resource endow­
ments are expressed In terms ofdryland and IrrIgated 
acreage (by land class) Water supphes for eXIstmg Ir­

rIgated acreage may be purchased at an exogenously 
deterInIned prIce 3 The remaInmg varIable Inputs In­
clude labor, machmery, nItrogen, peetlcIdes, and 
"other "4 

To Illustrate why It IS Important to analyze the role of 
mput prIces In thIS model, we Increased a selected 
prIce, m thIS case maclunery, by 25 percent (holdmg 
all other prIces and outputs constant) Table 1 shows 
the,resultmg reallocatIOn of soybean, wheat. and corn 
outputs A total of88 mIllIon bushels of soybeans and 
91 mIlhon bushels of wheat shIfted among regIons 
Corn productIon rose by 241 mIllIon bushels Because 
the geographIC locatIon of productIOn IS an Important 
determInant of resource depletIon, the postulated 
change m maclunery prIce can be expected to affect 
both regIOnal and natIOnal prOjectIOns of such target 
var18bles as erosIOn 

Analysis of Aggregate Demands 

We used the summary functIOn algOrIthm In (5) to 
analyze the response of the LP model to Input prIce 
changes ThIs algOrIthm mvolves two steps FIrst, we 
obtaIned the optImal LP response surface (as a func­
tIon of PrIces) for the CARD model m a prespecIfied set 
of prIce dIrectIOns The sample deSIgn was orthogonal, 

2Quantltles demanded and resource endowments represent estI­
mates for the year 2000 These were developed for use In USDA's 
recent RCA'analysls (2) 

3Base pnces represent 1978 estImates AddJ.tIonal detail on thelI 
constructIOn IS prOVided m (2) 

4Throughout thiS, artIcle, the prices of mputs 10 thiS reSIdual 
category wIll always be moved together, legJtlmlzmg their ag 
gregatlon moo a smgle group -
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Ag.n' 
The 31 market regions In the CARD LP model 

wIth each price varymg mdependently over the 
75-125 percent range of the base value for each of the 
SIX mput groups Usmg a dynamIc samplmg procedure 
that ,takes account of the umque propertIes of a hnear 
program, we derived an acceptable pIeceWIse hnear ap­
proxllnatlOn after 53 solutIOns of the model In the sec­
ond step ,of the algOrithm, we fit a translog cost func­
tIOn to the p,eceWISe hnear summary (Actually, It was 
the system of cost share equatIOns whIch were fitted ) 
Thls,step allowed for computatIOn of derived demand 
elastICItIes at the base pomt, whIch IS also the pomt of 
approXImatIOn for the translog summary functIon 

'rable 2 presents the natIOnal, output-constant pnce 
elastICItIes of mput demand produced by t1us algOrithm 
All of the on-dIagonal elements,are negatIve, as ex­
pected, and there IS only one complementary relatlOn-

ShIP, that between labor and machmery However, 
WIth the exceptIOn of water, natIOnal mput use m th,s 
model IS hIghly prlce-melastlc, partIcularly when 
compared WIth the eVIdence based on econometric 
cost functIOns for U S agrIculture (1, 6) 5 

The relatIvely small elastICItIes m table 2 mdICate 
that, despIte the large number of actIVItIes In the 
model, factor intensItIes vary httle (Water IS an ex­
ceptIOn because both dryland and irrigatIOn alter­
natIves eXIst In the model) FIgure 2 depICts the sItua­
tIOn for the case of two Inputs, X, and X, The rays A, 

OtrhHI absence of sUbstItutablhty IS even more striking when one 
notes that these aggregate elastiCitIes Include both mtrareglOnal 
Bnd mterregIOnal substitution POSSibilItIes 

21 



Table I-Regional sbifts In tbe production of corn, Table 2-National derived demand elastICItIes 
soybeans, and wheat 10 response to a (output constant)1 
25-percent mcrease lD the price of machInery 

Crop and market regIon 

Soybeans 
8 (LoUISVille) 
9 (Montgomery) 

11 (MIlwaukee) 
13 (Cape Girardeau) 

14 (New Orleans) 

15 (St Joseph) 

17 (North Platte) 


Net change In production 

Wheat 
5 (MiamI) 
9 (Montgomery) 

11 (MIlwaukee) 

12 (Davenport) 

13 (Cape GIrardeau) 
15 (St Joseph) 
17 (North Platte) 

22 (BIllIngs) 

25 (MlBsoula) 

26' (B()lse) 


Net change In production 

Corn 
11 (MIlwaukee) 
14 (New Orleans) 
15 (St Joseph) 

16 (PIerre) ­
17 (North Platte) 


Net change In productlonl 

Inputs Labor Machinery Nitrogen PestiCides Water Other 
Change In output 

Labor -004 -004 0 002 002 003 
Mlllton bushels 	 Machmery - 01 -04 01 03 01 01 


NItrogen 0 02 - 06 0 01 03 

PestiCIdes 02 08 00 - 12 01 01 


15 Water 11 32 II II - 82 17 

37 Other 01 01 01 01 01 -04 


8 

28 lSmce t_he natIOnal demand constraint IS specIfied In terms-of 


-11 total feed grams output, there can be changes 10 the mIX of feed 

-44 grams produced This added fleXibIlIty leads us to overstate the 
 .1
-33 model's true output constant mput demand elastiCIties 

o I 
'I 

I d uced Into the CARD model to broaden the range of
-43 	 I 

Input intensities Increased factor substItutIOn would -7 

17 reduce the rate of Increase In production costs result­


-32 Ing from a given Input price Increase, redUCing pro­
-9 ductIOn shifts among regions In response to a gIven 34 
34 factor prIce change By omlttJng these alternative 

4 technologIes, the CARD model tends to overstate the 
I 

amount ofreglonalshIlbng when a new configuratIOn 
o of output and Input prices IS speCified -Whether thiS 

leads to an exaggeratIOn or understatement of, ~ay, 
total erosIOn IS unclear That depends on the model's25 


33 cost-minimizing response to a particular scenario 

-22 What IS clear IS that the allocatIOn of productlOn;and 

112 

hence erOSIOn, among the varlOus,relrIons Will not be 93 

correctly predIcted, :f regional productIOn shifting, IS 


241 not correctly restricted 


ISInce the natIonal demand constrsmt 18 specIfied In terms of 
total feed grams output, there can be changes'lfl the mIX of feed Flgn 2 
grains produced In thiS case, corn productIOn mcreases_shghtly at Substitutability of nonwater Inputs 
the expense of other feed grains This added fleXibility leads us to In the model 
overstate the model'~ true output-constant Input demand 
elashhcItes Xl 

.~Theoretical 

\~.soquant
B, and C represent alternative actiVIties In the pro­	 Model 

• Isoquan!duction of a given crop These alternatives might' In­ .•..... 	 Cvol ve dU'ferent regions, different land types, or dIf­

ferent rotatIOn/tillage practICes When combined, .••.. 

they produce the model Isoquant (fig 2) As long as 

relative pllces remain on the base price line, the \ ••••• 

deSCriptIOn of what we believe to be the true underly­


Observed
Ing technology (theoretical Isoquant) Will be reason­ vanabon 

.. XIably accurate As a result, the model should reproduce 
the actual outcomes fairly well This model, however, 
does not appear to be capable of capturing the effect of 
Input price changes which might Induce subs!ant;ally 
different factor intensities 

Observed variation 
In X2Alternative technolOgies, some of whIch are not 

XI and X2 are two agncl,jh.nJ JnpulB and A. B and C represent Onear 8CllvlUesemployed at current prices, would have to be Intro- In the LP model 
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Conclusions 

The CARD LP model has the attrlbute of Yleldmg 
very detalled geographlCal mformatlOn on the use of 
resources m US agrlCulture Th,S explams ltS popu­
lanty m pohcy analysls of land use problems N allonal 
factor demands (except water) m th,S model, however, 
are very unresponslve to relallve mput pnce changes, 
probably because the LP acllvltles assoclated wlth 
alternatlve productlOn locatlOns, rotatlOns, and tillage 
optlOns tend to provlde,only a small range of mput­
output ratlOs These rat lOS, whlCh reflect base penod 
mtensltles, permlt the model to rephcate patterns of 
productlOn and mput use m that penod However, 
when confronted by changes m relatlve mput pnces, 
the model falls to account for alternallve actlvltles 
that would permlt antlclpated mput substltutlon 

Yet, the model as a whole lS not unresponSlVe to 
changes m relatlve factor pnces A 25-percent change 
m the relatlve pnce of maclunery mduces many mter­
reglOnal productlOn shUts Th,S lS a dlrect consequence 
of the Imuted potentlal for substltutlOn among mputs 
m any glven reglon Farmers m a marglnal reglon wlll 
actually substltute other mputs for the more costly 
machmery Th,S enables them to keep cost mcreases 
down, thus hmltmg the amount of dlsplaced produc­
tlon Our analysls shows that by hmltmg the poten­
tlal for such mput substltutlOn, and allowmg 
unrestncted reglonal productlOn shlft, the model 
overstates the maglutude of reglonal Shlfts m produc­
hon ThlS hmltatlOn reduces the model's potenhal for 
proJectmg mput and output levels at both the reglonal 
and natlonal levels 
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