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General Equilibrium Analysis of U.S. Agriculture: What Does It Contribute?

Thomas W. Hertel

Apphed general equiibrium analysis as we know 1t
today has intellectual origins 1n the debate over the
feasibility of the centralized computation of a Pareto
optimal allocation of resources within an economy
(Whalley, pp 30-34) ! During the first half of the cen-
tury, economists were preoccupied with the question
of whether or not it was computationally feasible to
solve the associated system of behavioral equations
Recent developments 1n operations research have
proven optimists correct It 15 indeed possible to solve
very large models representing national economies,
either in the form of centralized planning problems or,
more commonly, as decentralized eqmhlibrium prob-
lems While this has not brought an end to the debate
over the operational 1elevance of general equilibrium
theory, the increasmg use of computable general equi-
librium (CGE) models in policy analysis has served to
sharpen the debate It now focuses heavily on ques-
tions such as model specification, parameter choice,
disaggregation, and the appropriate 1epresentation of
policies (Whalley) CGE analysis now has a great deal
in common with partial equibbrium meodeling, a theme
[ will develop 1n this essay

Leif Johansen mmplemented the first operational CGE
model in the late 1950's Vanants of this model are still
used for planning purposes 1n Norway (Shremer and
Larsen) These models have also been popular 1n the
development economics literature (Robinson, 1988,
1989) CGE analysis.n North America has tended to
emphasize tax and trade 1ssues (Shoven and Whalley)
One conseqguence 1s that the U 8 Department of
Treasury and the Canadian Department of Fiance
both have employed variants of these models for a
number of years However, nowhere has CGE analysis
been as successfully institutionalized as in the Aus-
trahan Industries Assistance Commission (Powell and
Lawson, Vincent), where 1t has been used for 15 years
to analyze the economywide effects of changing rela-
tive rates of protection

In hght of this history, the relatively tecent
appearance of CGE analysis in U § agricultural
economics may be viewed as a belated arrival But,
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perhaps, there 1s good reason for this A general equi-
librium model 1s only as strong as its partial equilib-
rium components, and, until recently, most CGE
models had fairly simple representations of producer
and consumer behavior Thus, further acceptance of
CGE models applied to U S agnculture hinges on bet-
ter communication between the modelers and othex
agnicultural economists aimed at strengthening eritical
components of the models Unfortunately, partial equi-
librium analysts who do not understand CGE models
cannot mmprove them

This essay attempts to bridge the gap between partial
and general equilibrium analysts, thus promoting
greater dialogue between practitioners of CGE anal-
ysis and others in the profession Along the way, 1
hope to dispel several misperceptions of CGE analysis
For example, CGE analyses are often viewed as
abstract, theoretical exercises, with httle resemblance
to partial eqmlibrium modeling, much less to the real
world While some CGE applications may fall prey to
this eriticism, there 1s no inherent 1eason why this
must be the case To show the similarities between the
partial and general equilibrium approaches, I will
begin by comparing partial and general equilibrium
analyses of a subsidy on farm output Simlanities and
differences as well as strengths and weaknesses of the
two methodologies will be identified

Partial Equilibrium Analysis of a
Farm Subsidy

Partial equihbrium models may be thought of as collec-
tions of supply and demand equations, representing a
summary of economic behavior 1n various markets of
interest Since agricultural economists are often con-
cerned with farm commodity markets, the supply
equations 1n many models describe the supply of prod-
ucts from the farm sector, while the demand equations
describe the market conditions facing preducers
beyond the farmgate Depending on the particulai
biases of the researchers, these supply and demand
equations may or may not be derived from expheit
assumptions about producer and consumer behavio
Let's leave that 1ssue aside for the moment and turn to
the imphcations of this framework for analyzing a farm
subsidy

I will simplify by assuming that the intervention in
question may be expressed as an ad valorem output
subsidy (More complex pohicies do not shed any light
on the distinction between partial and general equihib-
rium analyses ) In this case, the relationship between
the farm price of output (pp) and the market price {py)

3



1s sumply pp = s * py, where s > 1 denotes the pres-
ence of a subsidy The partial equilibrium solutton to
this problem, written in terms of the supply and
demand elastiaties, becomes

Pu = (Mp — mgr! np(-$), (1)

where “*” denotes proportional change In the case of a
single commodity, ny and ny are the relevant supply
and demand elasticities, so that we may verify the
familiar special cases whereby (a) either perfectly
elastic demand (ny = —=) or melastic supply (n, = 0)
results 1n the subsidy benefits gomng entirely to
farmers, while (b) either perfectly elastic supply
(ne = =) or mnelastic demand (m; = 0) results in all of
the subsidy benefits being passed on to consumers In
the multiple-commodity case, s 15 a vector of inter ven-
tions, and n; and my are elasticity matrices, with as
many dimensions as there are mark?ts 1n the model

This multicommodity, partial equlibrium framework 1s
adequate for many, if not most, applications
However, there are some important gaps to keep in
mind A first hmitation of expression 1 1s 1its fallure to
acknowledge the finite resource base 1n the economy
To the extent that the farm subsidy encourages
resources to move into agriculture (or perhaps it dis-
courages them from moving out), the rest of the econ-
omy has less land, labor, and eapital to work with
There 1s:an opportunity cost associated with this factor
movement that 1s only superficially acknowledged by
the intreduction of upward sloping factor supply
schedules into a partial equihibrium model of the farm
sector 2

A second hmitation of the partial equilbrium model 1s
its faillure to address the question Who foots the bill
for the added subsidies? The opportumty cost of rais-
ing 1 dollar of additional revenue via the current sys-
tem of Federal income taxes has been shown to be
consider ably more than a dollar, due to the marginal
excess burden associated with further distortions in
consumer and producer choices (Ballard, Shoven and
Whalley) By contrast, this phenomenon may be
expheitly dealt with in a CGE model Even if an
economywide model does not flesh out the tax system,
1t 15 possible at least to keep track of the transfers
mplicit 1n a given subsidy

The third weakness of the partial equilibrtum model 1s
the absence of an explicit budget constraint for the
household(s) in question There is no link between the
sources and the uses of income Changes in factor
returns are not reflected in altered consumer expendi-
twres This hmtation 1s most severe when the policy
shocks considered are very large, and when they

*See Floyd for an early lustration of this type of partial equihb-
rium model
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result 1n income transfers between households with
very different consumption patteins

A final hmitation of the partial equiibrium approach is
the absence of any definitive check on the conceptual
and computational consistency of this model The
laxger and more complex the model, the greater the
probability of inconsistencies This leads to skepticism
on the part of model users and potential “consumers”
of model results By contrast, as will be pomted out
below, Waltas’ Law offers a powerful check on the
consistency of a well-defined general equilibrium
model In fact, this alone may be reason enough to jus-
tify the CGE approach 1n some cases

General Equilibrium Analyses of a Subsidy

To 1llustrate how the general equilibrium approach
addresses these limitations, 1t 1s necessary to lay ont
the structure of a2 very simple CGE model Because
the model 1s only complex enough to 1llustrate my
basic point, 1t can be completely described by one pic-
ture (fig 1)

A Simple Model

I have assumed a closed econemy, with one aggregate
household which consumes two goods food (good #1)
and nonfood (good #2) This household also owns all
primary factors of production in the economy, which
are held in fixed supply (G and Qyz) Again, for the
sake of simpheity, I distinguish between only two pri-
mary factors farmland (good #0), which 1s specific to
the farm and food sector, and a capital/labor aggregate
(good #3), which is mobile between the two sectors
Household mcome (y = puuo + Pralus) 15 derived
from these primary factors Given the initial household
budget shares, ¢y,y 15 spent on good #1 and ¢,y 1s
spent on good #2

There are no intermediate inputs in this economy, and
constant returns to scale in production are assumed
The nonfood commodity 1s produced using only the
capital/labor mput, while the farm and food commodity
15 produced by combimng the capitallabor input with
farmland (In a sense, this 1s what distinguishes the
farm economy from other sectors ) In imitial equihb-
rium, the cost shares of each of the two inputs are
given by ¢y, and c}s The land and nonland inputs are
substitutable in food production, with the ease of sub-
stitution determined by the non-negative elastiaity op
This substitutability, in fact, underpins the food see-
tor's partial equilibrium supply response m this model,
which may be expressed as

Mr = OF (C]Fd"'c;‘c]) @)
Note that supply response incieases with incieased

substitutability for the fixed land input, and with an
increased share of variable inputs in total costs (cpy)



Flgure 1

An lllustrative general equillbrium model with four goods, one household,

and two productlve sectors™®
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The importance of comparing supply elasticities across
models 1s rarely lost on partial equilibrium analysts,
however, general equilibrium modelers are less dih-
gent in this matter This 1s probably because n; does
not enter directly as a patameter 1n the model, but
must nstead be calculated as 1n equation 2 % Based on
my own experience, differing assumptions about par-
t1al equilibrium behavior go a long way toward
explaimng empirical discrepancies between partial and
general equilbrium models Many differences between
such analyses are falsely attributed to “general equi-
hbrium” effects Consequently, | encourage partial
equilibrium modelers and other consumers of CGE
results to demand this type of summary information
fiom CGE modelers

A final pomt regarding figure 1 stems from the fact
that we need a convement method of summarizing the
two sectors’ relative claims on the mohile factor of pro-
duction This may be done by defining apy = q]F3/qm,
that 1s, the quantity share of the capital/labor aggre-
gate which 1s used 1n agricultural production Sim-

darly, ap; = qrs/qys

38ee Hertel (1989) for a general discussion of how to compute par-
tial equilibrium supply elasticities under alternative assumptions
about technology and factor mobility

Introducing a Farm Subsidy

Having laid out the basic notation for this model, we
are 1n a position to solve 1t This involves collapsing
the equations impheit 1n figure 1 into.as many dimen-
sions as there are commodities In this sense, finding a
solution 1s no different than in the partial equilibrium
case, with one important distinction Since the general
equilibrium model 15 exhaustive 1n 1ts treatment of
economic activity, one of the market-clearing condi-
tions 1s redundant Ths 15 Walras’ Law, which has two
important practical implications for CGE analysis

First, since we are left with only three equations, we
can solve only for the changes n relative prices among
the four commodities Here, I will choose land as the
numeraire good and will omit the supply = demand
equation for land, which will produce the following
outcome after introduction of a farm subsidy

Pui/Pro 1 + (cpsx)
R 2 .
Pu? = | Pu/Pro | = cpaX | (-8),

Pus’Pro X (3)
where x = (apschz — afsCh) Ox

1 .1 1 2 1 2
—ahyCho0F — (@FsChz — 8FaCH1) (CFz — CR)OH




The second practical impheation of Walras’ Law 1s
that if we evaluate changes 1n supply and demand n
the omitted land market, using the equibbrium
relative price changes, they must be equal, that 1s,
QuolPu™*) = Gro(Py™®) Since this property 1s an implica-
tion of the entire model’s structure, 1ts verification
offers a global check on the conceptual and computa-
tional consistency of thts model This can be extremely
valuable By way of example, consider what might
happen 1 a large nonlinear model with hundreds of
markets when a new wrinkle such as imperfect compe-
tition 1s introduced What 1if the modeler forgets to dis-
tribute to households the excess profits generated 1n
the new equilibrium? How could we possibly know
that this has been omitted? There 1s no general
method of checking for such overlooked inconsistencies
n a partial equihbrium model However, in a general
equilibrium model, such a leakage would result n
msufficient commodity demand, and hence, msufficient
derived demand for land Consequently, Wairas’ Law
waould be violated

Now return to expression 3 Note that each of the rel-
ative price changes depends on the common paiameter
“x ” This parameter 1s actually quite simlar in strue-
ture to the ratio of elasticities premultiplying the farm
subsidy 1n expression 1 To see this, note that (given
gy and cy)) op determines g and oy determmes my
Thus, the value of x, and the subsequent degiee to
which this subsidy 1s shifted among markets, depends
fundamentally on the supply and demand elasticities
embedded 1n this model When oy = 0, such that
demands are not responsive to price, or op = o, such
that the partial equihbrium farm supply curve 1s per-
fectly elastic, x = 0 and all benefits from the subsidy
are passed forward to consumers This 1s the same
result we encountered in the partial equilibrium case
By contrast, 1f nonland nputs cannot be substituted
for the sector-specific land 1input (o = 0), then farm
supply will be completely unresponsive to price, and x
may be shown to collapse to x = (cky)!, which means
that all of the subsidy benefits are passed back to land-
owners ¢ This confirms our paitial equilibrium
mntwmtion

We can also see how, in the more general case, all the
parameters n the model have a bearing on the general
equilibrium outcome * Note, however, what happens

iThe magnification faetor, {c)-' > 1 serves to load a given
amount of subsidies onto the smaller land expenditure base

The reader might wonder why income elasticities of demand do
not appear 1n expression 3 Smee the economy in figure 1 15 closed
(that 15, there 1s no wternational trade), and with fixed factor sup-
plies the only way dispoesable income can change 1s through a
change 1n the efficiency with which the fixed resource base 1s
employed Such changes are commonly referred to as changes 1n
‘excess burden " In this context, I have assumed the economy 1n fig-
ure 1 to be mitially in an undistoried state, where firms and house-
holds face the same prices (py, = pf, = pf, for all n) prior to
nt1 oduction of the subsidy This means that, to a first order approx-
Imation, marginal changes'in the farm subsidy will not have excess
burden effects Since there 15 no change in excess burden, then
there will be no change 1n household income This 1s why meome
elasticities of demand do not appear 1n the solution
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when the farm sector becomes “small” relative to the
rest of the economy The value of al, approaches zero,
and we can obtain approximate relative price changes
for the farm sector without reference to the nonfarm
economy

(Pui/Puod = [1 + (chy/eky)] (<8), and
(Pua’Puo) = [Veg,) (=8) (4}

This 15 a formal demonstration of why we do not need
a general equilbrium model to assess accurately the
farm sector impact of mest farm policy changes n the
case of 2 highly industrialized econemy such as the
United States This point likely comes as hittle sur-
prise to many economists Since just 2-3 percent of the
U S labor foree 1s involved in farming, why model the
entire economy to say something about the agri-
cultural impact of a gramn subsidy?

Three Common Myths Dispelled

At this point, I hope that [ have clanfied several popu-
lar misconceptions about CGE modeling The first
myth 1s that general equilibrium analysis 1s an
abstract, theoetical exercise However, applied work
n this area beils down to a problem of constructing a
sound data set and choosing (o estimating) appropn-
ate elasticities This 15 hardly a theoretical exercise,
and it 18 really no different from partial equilibrium
modeling

A second myth 1s that CGE models are complex and
difficult to solve In fact, the solution of CGE models 18
not necessarily any more complex than the solution of
large, nonhnear partial equilibrium modes Matrix
inversion 1s sufficient to solve a locally ineanzed CGE
model And the solution of well-specified nonlinear
CGE models can generally be accomplished by choos-
ing from a variety of software alternatives For large
models, the CGE approach has the great advantage:of
having a global consistency check, namely Walras’
Law

The third myth relates to the value of indiseriminate
applications of CGE analysis to 1ssues facing U S agn-
culture For example, if we can conduct CGE analyses
of mandatory supply control, then why not look at
more specific 1ssues like the tobacco program? Agam,
If one 1s interested only i how a farm pohcy interven-
tton influences the farm sector itself, then partial equi-
librium analysis 1s probably good enough Rather than
investing scarce time and money 1n developing (or
modifying) a CGE model, 1t may be much wiser to
devote research resources to the improvement of par-
tial equibbrum analyses

I 1magine the reader 1s now wondering What's the big
deal?” Why all of the fuss about CGE analysis of the
farm and food economy? Keep reading—the next sec-
tion discusses why such efforts a1re warranted




Benefits From Using CGE Analysis

Five good 1easons exist for applying the CGE frame-
work In selected analyses of U S agricultwe ®

Accounting consistency

The treatment of interndustry effects

Theoretical consistency

CGE analysis as a vehicle for “putting things m
perspective”

Welfare analysis

Those who have worked with such models quickly ree-
ognize that the accounting identities in a CGE model
are as important as the behavioral equations The fact
that (a) households cannot spend more than they earn,
(b) the same umt of labor eannot be simultaneously
employed in two different places, and (c¢) the economy
as a whole must balance 1ts payments with the rest of
the wotld, serves to citcumscribe the 1ange of possible
general equilibrium outcomes CGE models are bullt
upon a social accounting matrix (SAM) whieh details
all the basic 1dentities for a given economy (Pyatt and
Round, Hanson and Robinson) Thus, the first advan-
tage of CGE analysis revolves around the exphait
mcorporation of these accounting identities into the
behavior model

A second advantage of CGE analysis arses ftom trac-
ng and measuring mterindusiry linkages between the
farm and nonfarm sectors When conductmg a partial
equilibrium analysis, 1t 1 often very difficult to know
where to “draw the hne,” because the farm sector pur-
chases inputs from the manufacturing, mmng, and
service sectors, and farm output 1s sold to both food
and nonfood sectors Having an exhaustive model for
analyzing such 1ssues 18 valuable 7

Theoretical consistency 15 pdrticulairly important in
large economic models, which too often become blach
boxes, unintelligible, even to other modelers Unless
individual components are built upon received
economic theory, other researchers have great ditfi-
culty interpreting model results If the model struc-
ture adheres strictly to standaird neoclassical theory,
as do well-speaified CGE models, the model usexr can
draw upon experience to understand and explamn what
1s going on when a given poliey 1s changed A final
advantage of theoretical consistency, which has
alieady been mentioned, 1s that Wahas’ Law may be
used as a global consistency check

Another advantage of CGE analysis 1s that 1t helps to

6See Hertel (1990} for a survey of CGE applications relating to
agnculture

Input-output analvsis has been the preferred vehicle for assess-
g mterindustry lnkages CGE analysis sumply peimits us to relay
the customary assumptions of fixed 1-O coefficients pel fectly elastic
factor supplies, and exogenous final demand In this sense, 1.0 anal
yais 1s a special case of CGE analysis

put things mn perspective Microeconomic theory
emphasizes the importance of relative, as opposed to
absolute, levels of economie variables How taxation o1
technological change affects the farm sector 1s largely
wrrelevant unless we know how the levels of these vari-
ables compare with those in the nonfarm sector For
example, taxation of the farm and food sector reduces
farm output when viewed 1n 1solation However, a
general equilibrium analysis of U 8 tax policy reveals
that low relative rates of taxation have conferred an
imphieit subsidy on agrieulture which at times has
rivaled direct farm payments 1n overall importance
(Hertel and Tsigas) 8

Finally, one of the things I hke best about CGE mod-
els 1s the fact that they force us to focus more clearly
on households, and, ultimately, on people Changes In
welfare are measured by examining the change
household utility, or the imphied changes in real
income (adjusted for all price changes) The latter 1s
much more concrete, In my opinion, than the coneepts
of producer and consumer sut plus, and emphasizes, for
example, that farmers are consumers and taxpayers as
well as owners of agricultural assets

Conclusions

In an attempt to cateh up with three decades of
applied general equilibrium analysis, U S agnicultural
economists have recently risked overdoing CGE mod-
eling We may have oversold the benefits of CGE mod-
eling, whle failing to acknowledge many of hmmtations

Yet, there 1emain areas of use for CGE'models n agn-
cultural economics which have not been pursued with
sufficient vigor Ome of these 1s mtegrating diverse
research results and bringing them to bear on speaific
policy problems Where else can the work of a produc-
tion economst be integrated with that of someone esti-
mating complete consumer demand systems? Many
research results 1n international trade, industral orga-
nization, and marketing may also be integrated mto a
OGE framewotk Ths makes 1t possible to distinguish
between (a) parameters that we either aheady know a
lot about or which are ummportant for current pohey
1ssues, and (b) parameters about which we know rela-
tively hittle but which a1e key to the accurate assess-
ment of important policies The implications of such
model-sensitivity analyses for directmg future pohey-
oriented research should not be overlooked

CGE analysis has also recerved far too httle attention
n the traimng of graduate students Too many Ph D
agricultural economists graduate without acquiring an
economywide perspective on agricultural problems

5See also Bovd, and Boyd and Newman for further analysis of tax
pohey and U S agneulture within an economywide setung

sSee Hertel, Ball, Huang, and Tsigas for an llustration of this
pomt
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They often lack the ability to see how then speciahzed
knowledge of production, consumption, marketing,
and trade fits together and how these diverse pieces
intetact in determining the incidence of shocks to the
farm and food system 10

In summary, CGE analysis 15 a valuable addition to
the agiicultural economist’s analytical tool kit
However, a CGE model 1s only as good as its individ-
ual components Robert Solow made this Same point 1n
his entique of Jay Forrester's global modeling efforts
1n the early 1970's Forrester asserted that rathe:
than “go to the bottom of a particular problem
what we want to look at are the problems caused by
mteractions ” To this, Solow (p 157) responds

I don’t know what you call people who believe
they can be wrong about everything in particu-
lar, but expect to be lucky enough to get 1t right
on the interactions They may be deseendants of
the famous meichant Lapidus who said he lost
money on every item he sold, but made 1t up on
the volume

Future improvements in the CGE analysis of U S
agnculture depend on developments 1n the partial
equilibrium specification of farm sector models Thus,
a great need for dialogue exists between those who are
primarily involved in CGE modeling and those who
conduct other sorts of farm sector analyses However,
such a dialogue can be fruitful only 1f CGE models are
“demystified " It 1s my hope that this essay will help
to further such debate within the agiricultural
economics profession
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