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GOVERNMENT INTERVENTION AND FOOD PRICE INFLATION

John Freebairn, Gordon C. Rausser, and Harry de Gorter

1. INTRODUCTION

During the past decade, the U. S. agriculturaT sector became inéreasing1y
integrated with both the domestic and international economies. The dramatic
integration with world markets resulted, in part, from the introduction of
flexible exchange rates and the significant increases in agricultural ex-
ports. Although governmental intervention continues to be pervasive, an
increased dependenty on market forces within the U. S. agriculture and food
system has occurred, particularly in labor, credit, and capital markets.

~ The ipcreased integration that has been witnessed during the last decade
has raised a number of important issues regarding (1) the effects of shocks
sourced in agriculture, those sourced in the domestic general economy, and
those sourced in the international economy; (2) the comparative effectiveness

of sector versus general economy policies on the U. S. agricultural sector;

and (3) the weight that should be given to the effects of agricultural and

food sector policies on the general ecohomy as well-as the agricultural sec- -
‘tor. A serious evaluation of these issues requires an understanding of the
‘interrelationships between the U. S. agricu]tﬁra1 sector, the balance of the
U. S. economy, and the international economy. Such interrelationships are
crucial in the assessment of direct and indirect effects of various po}icies—- '
sectoral as well as fisca]vand monetary. The ultimate effects of monetary,

fiscal, and exchange-rate policies as well as of direct agricultural price
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support, acreage diversion, and reserve-stock holding policies and trade

restrictions on food price inflation and general price inflation obviously
depends on the nature and extent of the direct and indirect causal links be-
tween the agricultural sector, the general economy, and the international
economy. Avai]ab]e evidence strongly suggests that the effects of these poli-
cies on prices,'auantitieé,,and'émployment entail complex time paths involving
feedback re]ationships'and that much can be gainedvby an integrafed treatment
of agricultural sector and economy-wide policies.

Agriculture in the United States is an important sector; it plays a major
roie in determining the most sensitive component of the price level, it is a
major supporting factor in our net trade position, and it is important for
regional politico-economic reasons. Food products contribute 18 percent of
the weight of the consumer price index Which, in turn, enters the wage bar-
gaining process. The vblatiIity of food prices, and especially the jump in
grain prices in 1972-73, appears to have had significant effects on'the paths
of general economy wages and prices. The dependence of U. S. agriculturé on
exports increased to about 50 percent of sales in 1978—79, and agricultural
exports represent approximately 20 percent of.total U. S. exports. Domestic
agricultural prices have become more direct]y linked to world prices with the
elimination of the two-tier sector price po]iéies of the U. S. government and |
the move to flexible exchange rates. Beginning in 1973, the Food and Agricul-
tural Act eliminated the wedge between domestic agricultural prices and world
prices. |

In the current economic environment, developments overseas and in exchange
rates have significant implications for agricultural product prices and input

costs and for farm income and asset values. The growing dependence of U. S.
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agricu]ture on other seétors for inputs and for farm production as we11 as for
‘the processing, storage, transporﬁ, and distribution of farm products has
meant that general economy prices (including wage rates) directly influence
returns to agriculture. Approximaté]y 60 percent of the consumer's food
dollar goes to nonfarm activitieé.v In turn, the agricultural farming cor
ponent spends 30 percent to 50 percent of its gross receipts on nonfarm
inputs. Tb be sure, these costs are'direct1y linked to wages and capital
costs in the balance of the U. S. economy. These facts, in combination with
the stronger labor- and capital—market links which occurred in the 1970s with |
the steadily decreasing information and regulatory barriers, have effectiveiy
eliminéted the iso1ated}etonomic envifonment the agricultural sector experié :
enced during the 1950s and 1960s (Schuh, 1980). The resulting price links
between agriculture, the domestic economy, and the international economy are

" in ‘addition to the real resource-flow links and economic growth developments

that have been the focus of some important analyses of the agricultural

Aeconomy [Schultz; Tyrchniewicz and Schuh; and Gardner (1976)].

In this»setting, the purpose of this papef is to report é pre]iminafy :
framework for assessing the effects of pojicy changes and of noninstrument
~ shocks on the performance of tﬁe agricultural séctor and on the general
economy. Policies include macroeconomic measures emanating from fiscal,
monetary; and exchange-rate spheres as well as agricultural sector poli-
cies such as acreage diversions, price supports, storage subsidies,‘and
trade import aquotas. Examples of noninstrument'shocks include droughtsland
surges in Soviet grain-import requirements. The framework is deéigned to
generéie an assessment of a number of performance measures including general

economic inflation, national income, and agricultural sector returns and asset
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values. The framework assumes the form of a fhree-sector’quantitative mode1—-
agriculture, the balance of the U. S. economy, and the international economy.
Special emphasis is placed on the interrelationships among the three sectors
(e.g., price, income, and foreign accounts) and on the explicit inclusion of
sector as well as general economic policy instruments. The model is con-
structed explicitly for policy analysis; it is not intended to serve as a
forecasting tool. At fhis juncture, the model reported is only a prelimi-
nary attempt to assess the effects of policy changes and of other exogenous
;hocks in one sector on each of the three sectoral components. ‘The sequence
is to determine (1) the effect of sectorial policies on agriculture; (2) the

effect of the resulting endogenous variables in the agricultural sector on the

general economy; (3) the effect of fiscal and monetary policies on the general

~ economy; and (4) the effect of the resulting general economy endogenous
Qafiab1e§ on the agricu]turé? sector. This is accomplished by treating the
links bétween U. S. agriculture, the U. S. general economy, and the inter-
national economy endogenously. In essence, the purpose of the model is to
determine quantitatively the forward and feedback Tinks between the agricul-
tural and general economies.

The remainder of the paper is organized as follows. Seétion 2 presents a
review of the relevant 1iteratufe that relates to the specified model. Sec-
tion 3 presents the specific aquestions that we hope to analyze after the
model-construction process is complete. These questions providé the basis for
the specification and structure of the model. The major contributions offered
by the model structure vis-a-vis models currently available are outlined. An
explanation of fhe framework of the mode1~is presented in section 4 along with

selected results; section 5 presents a few selected policy simulations; and
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section 6 sketches the additional work that must be accomplished to capture

answers to the questions presented in section 3.

2. LITERATURE REVIEW

Marshaling the literature fegarding the three sectors under examination
vis, indeed, avdifficp1t task. "In the early 1970s, howevef, this ﬁask would
;have been relatively straightforward. At that juncture, the agricultural
sector was modeled genera1]y as a closed system with only exogenous influences
from the general and international economies; Since U. S. agricultﬁre policy
effettive]y isoléted agriculture from domestic and international market
forces, such a structhre was a reasonabTe approximation. In addiffon, most
hacroeconomic models treated fhe agricu1tura1 sectof exogenously prior to the
food price explosion in 1972—1974. | |
"~ " Since the mid-1970s, a number of models have been constructed which reéog-
-nize the 1inkagesvamong the three sectors. _Nevertheless,‘we typically find
the agricultural sector being modeled as a satellite system with forward Tink-
ages.to the nonagricultural base of the eéonomy and.only a minimal degreé of
feedback.1 Hence, the Titerature can be examined from three perspeétives:
from a macroeconomic persbéctfve; from én agricuTtural sector persbective; and
“from the perspective of both forward and backward }inkages among the inter-
national, domestic, and agriculturai economies. From the macroeconomic per-

spective, agriculture is treated largely as being predetermined with only

IThere are, of course, numerous modeling efforts in which agriculture is
treated as one of several distinctive sectors in a large, multisector system
that is held together by various devices--e.g., an input-output system.
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important forward links; from an agricultural sector perspective, the‘mdcro—
economy is treated largely as being predetermined with important causal in-
fluences on the agricultural sector; and, finally, the integration of the
three sectors begins to recognize the interactions and joint determinations of

~the performance in each of the three major sectors.

2.1. From a Macroeconomic Perspective

During the 1950s and 1960s, the relative stabi1ity‘of the pfices of agri-
cultural and other raw materials allowed most macroeconomic modelers and
po]icymakers to dismiss the importance of the agriculture and food system.
Most studies treated this sector as exogenous. The original Brookings model
included an agriculture sector constructed by Fox, but this effort was not
incorporated into subsequent extensions of-the Brookings model. In the early

1970s the perspective was altered significantly. Owihg to the substantial
incfeaseé ih the price of grains from 1971 to 1974, it Was inevitable that
conventional macroeconomic models would significantly underestimate the course
of inflation. During this period, of course, oil price increases were an
added disturbance. |

In the mid—1970s the commercial forecasting macroeconomic models con-

- structed by DRI, Wharton, and Chase Econometrics began the construction proc-
ess for agricu]fura] sector submodels. These models have now been extended to

include other countries and an international sector. These efforts include
the development of the Vharton 1link models and models of various international
~ components under construction by Chase Econometrics and DRI as well as other

commercial vendors. In each instance, during the Tast decade the models have

been expanded to the point where they contain endogenous sectoral detail
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rather than simple repfesentations of aggregate national accounts. Neverthe-
, 1ess; U. S. agriculture is generally modeled as a satellite system with
linkages to the nonagriculture base of the economy but with only minimal
feedback.. | | |

The surge in food and energy prices during the early 1970s and their im-
plications for economic performance led a number of academic researchers to
turn their attention to the effects of rises in food and energy prices. Ab
series of studies appeared in the Brookings Papers on Economic Activity,.
including Okun, Gordon, and Gramlich. Other such studies include those by.
Ka]ddr, Phelps, Sch]agenkauf and Shupp, van Duyne (1979), Lawrénce (1980), and
Blinder. The general characteristics of the conceptual base for such models’
focus 6n theiwage-markup price eduation that reflects Hicks' fixed price or
Okun's customer goods concept with an allowance for food and material prices
;hd a Ph%]fipé curve wage equation. |

Much of this literature experiments with adaptive and rational price ex-

pectations in the wage equation. The agricultural sector in these models is

treated either as a flex-price (auction) market or as exogenous. Food price

jncreases are generally analyzed in terms of their time pattern’of effects on
an aggregate price index ahd on employment under different assumptions regard-
ing price expectations and varying degrees of éccommodating monetary or fiscal
policy. The wage-price equatipn ré]ationship in these models operates by
magnffying the price effects of initial disturbances;- One of the few models
that includes assets explicitly has been advanced by van Duyne (1979), who was
able to capture additional dynamic effects following a temporary drop in aqfi—v
cultural output. Similar to the other studies, his results strongly sugaest
that higher agricultural and energy prices worsen the unemp]oyhent/inf]ation

possibility set.




2.2. From an Agricultural Sector Perspective

In initial modeling efforts on agriculture, this sector was treated aé a
separate enfity. This was justified, in large part, by governmenfal policies
which created a closed agriculture and food system in the United States. In
these models, agriculture was affected by a few general economic variables

such as consumer disposable income, interest rates, and the level of agricul-

tural exports. Disturbances in agriculture were assumed to have no impact on

the rest of the economy. These modeling efforts may be found in Cromarty,
‘Egbert, Quance and Tweeten, and Lamm (198la) and in the national programming
models built by Earl Heady and associates. |

The second generation of agricultural models develops forecasts in a re-
cursive framework. General macroeconomic models are first used to forecaét a
set of relevant variables that are used to solve the agricultural system. The
| ;bfutionrvdlues for these variables are then transmitted back to the general
economy through a set of definitional 1inkéges; Examples of these linkages
jnclude definition of the consumer price index and of the gross nationa} prod-
uct. Adjustments are allowed in order to enforce accounting constraints.
This work includes that of Chen on the Wharton agricultural sector model and
of Roop and Zeitner. The Wharton agricultural model, for example, contains
249 equations of the agricultural sector that are to be used in conjunction
with.the Wharton macroeconomic model, In principle, the two models can be
solved simultaneously. Operationally, they are solved iteratively. The
representation of these two models contains most of the intersectoral rela-
tionships and policy instrument variables that are of importance. However,
there is no allowance for the direct effects of jnterest rates and of

liquidity variables on supply or, more particularly, for inventory demand
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behavior. In additibn, the effects of nonfarm costs are attributed entirély

to fertilizer costs even when,»for example, the labor costs are moré’important
and follow different time paths. Roop and Zeitner propose a much smaller,
nine-equation model of the agricultural sector for iterative solution with the
Wharton macroeconometric model. An agricultural sector model constructed by
‘DRI that is similar in size to the Wharton agricultural model has been 1inked
with the DRI hacroeconometric model in an evaTuatidn}of the 1972-73
agficu]tura] price explosion (Eckstein). |
A11 of these second-generation agricultural sector models (as well és
other models of similar vintage) have thevrequired demand-related 1fhkages.
with the ﬁonagricu]ture macroeconomic variables of domestic and foreign écono-
mies.‘ Despite the fact that production is an explicit component of these
models,‘none deal with fhe specific input markets to agriculture that stem
ff;om thé ﬁonagricultural sectors. Supplies of inputs speﬁific to agricu]turé
‘are treated implicitly as infinitely elastic, and no financial conétraints are
bimposed on the agricultural sector. Moréover,'in the fakm—account components
of these models, there are‘neither feedbacks fo other subcomponents nor links |
with other financial sectors-of the macroeconohy.~- | |
Another major shortcoming of the second-generation agritultufal sector
models is their fai]ure to include explicit variables to represent sector
policies. Such policy instruments as acreage diversion or set-asides, de-
ficiency or diversion payments, loan rates, storage or input-cost subsidies,
and public storage are neglected. Moreover, these modeling efforts generally
treat exogenously fhe international sector, i.e., export demand for agricul-
tural commodities. Of course, many of these features are incorporated ex-

plicitly into individual commodity models. In the case of wheat, for example,
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Gardner (1980) has drawn the distinction between public and private §torage
and has obtained some interesting implications for optimal public storage
policy.

In terms of individual commodity models, a number of other studies by
agricultural economists provide building blocks for analyzing the effects of
bsector production policies and their implications for the general economy.
Commodity supply studies, initiated by Houck and his colleagues, describe and
quantify the influence of loan rate, acreage diversion, and acreage allotment
policies on crop supply response. Estimates of beef import control program
effects by Freebairn and Rausser and Arzac and Wilkeson, of the daﬁry industry
program by Salath et al. and Novakovic and Thompson, and of the ﬁugar program
by Gemmill suggest that these governmental interventions relative to free-
trade policy do not lead to large iﬁcreases in retail food prices. Further
ﬂgdrk a]éné these lines including the effects of such governmental programs on
the variabi]ity of prices would be desirab]e.’ In general, these individual

commodity models ignofe any feedback effects of changes in agricultural prices

on general prices, the exchange rate, employment, and the 1ike; and, in turn,

the implications of these changes for the agricultural sector.

Concern with the predetermined treatment of (or, at most, the weak link-
ages between) the domestic macroeconomy and the international economy on the
agricultural sector has led to a third generation of agricultural sector
models. Among the first of these models is the thesis studyvby Shei. This
third-generation model representation includes 24 equations and uses an annual
time period. It was constructed primarily to study the effects of devaluation
and to analyze an exogenous increase in commodity export demand. In addition,

various simulations were conducted to assess the implications of exogenous
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incréases in the money supply. The model has significant price and trade
linkages between agriculture, the rest of the economy, and the ba]ahce 6f the
tradiﬁg world. Despite a number bf estimation problems—-in particular, key
parameters in the commodity supply, commodity export demand, and 1ivestock
supply equations that had to be specified from nonsample information--the
model performed reasonéb]y well. The-annualitime dimeﬁsioh did not allow an
assessment of .the implications of interest rates on brivate storage or the
interactiohs between private and public storage. Moreover, many agricui-
tural sector policy instrument variables were not inc]uded‘in‘the modef-
“specification. . | |

A second, even more aggregate, model representation has been presented by
| Lamm (1981a). In this model specification; only three inpUts to agricultural
production aré specified: ‘the real annual flow of capiﬁa]'into the agricu]—‘
:tdra1 sécéor, the agricultural labor force, and time. In 1ight of the changes
jn relative input prices, this model is unable to capture the fnput substi-
tution that has 5een.underway for'a1mos£ a décade. Furthermore, this model,
as well as ihe Shei modé] fails to account for the accumulation of wealth by‘

different sectors.

Another third-generation model, recently developed by Prentice, consists

of more than 100 equations and provides greater detail regarding many parts of
the economy than is available in the models deveioped by Shei and Lamm
(198la). However, it.faiXS to include credit markets; thus, it ignores the
increasingly important financial linkages betweeﬁ agriculture and the rest of
~ the economy. | |

Still another third-generation model isvbased on a massive data collection

effort by Hughes and Penson. This model captures many important linkages




including interactions between (1) agricultural producers and suppliers of
input; (Z)Iagricu1tura1 output, wholesale purchase of food items, and the
fina) consumption of agricultural goods at the retail Tevel; (3) agriculture
and the U. S; balance of trade and exchangehrates; (4) agriculture and the
government sector; and (5) agriculture and national financial markets. 1t
emphasizes the effects of financial Tlinks and uses a framework of a supp1y'of
and é demand for loanable funds for Tlinking balance shéet data from the agri-
cultural sector with the balance of the economy and various arms of monetary
policy. The interface of farm accounts and demand for input is used as the
basis for a loanable fund demand fuhction which, while interacting with the
supply of funds loanable to agriculture, solves for the equilibrium credit:to
this sector. This impressive modeling effort is based on annual data inter-
po]atibn from annual U. S. census and farm accounts. Among other potential
.déf%ciengie;, the principal limitation is that the model is based on a
"flex/flex" framework. With such a framework, it is not possible to assess

the potential macroexternalities of food price'increases.

2.3. An Integrative Perspective

A review of the models presented above strongly suggests that what is
‘missing’is an integrative focus on the role of (1) fnf]ation, (2) exchange
rates, and (3) the effect of sector versus general economic policies. - None of
the previously mentioned modeling efforts concentrate on this integrative
focus. Various separable elements are avai]ab]e and will be discussed here

briefly prior to moving on to the model representation advanced below.

2.3.1. Inflation Focus

Among the first serious evaluations of food prices and inflation was that

published by Hathaway. He argued that food price inflation in the early 1970s




was largely the result of increased demand plus production shortfalls.

D. Gale Johnson argued, by contrast, that the large price increases in infer—
national markets occurred primarily because consumers and producers were
prevented from reacting to price changes that resulted from governmental
‘policies designed to stabilize domesfic prices. In his view, all of the ad-
justment to the production shortfalls and demand increases was imposed upon a
rather 1imited segment of the worldwide market for feeds ahd Qréins. Ih sup-
port, he offered tﬁe‘classic example of sugar prices from early 1974 througH
early 1975, |

An additional explanation By Lawrence (1980) emphasized.thé‘ro1e of specu-
lators in this price explosion. Commodities wére treated as assets as well as
inputs into consumption. They argue against the view thét a rise in primary :
: gpmmoditglprices represents solely a change in relative prices.

."Some‘héve argued that the rapid accumulation of international monetary
reserves is a source of the disturbances. However, the transition mechanism
between reserves and commodity'prites has not been modeled adequately. Re-
cently, Lawrence (1980) has arguedvthat their cdnsequences in‘commodity market
behavior can be appreciated fully only when these markets are émbedded in a
general equilibrium model of a dualistic econoﬁy which has both auction and
customer markets. A formal'modei of a dualistic economy is developed which
includes three markets: a money market, a primary commodity market that
clears in the short run by price adjustments, and a manufactured goods market
that clears in the short run by quantity adjustments. Because expectations
‘are presumed to be rational, in the long run nominal changes are neutral; but,
in the short run, unanticipated monetary disturbances éffect relative primary

commodity prices. Commodity booms may stem from monetary factors in addition

to chandes}in the conventional determinants of supply and demand. Monetary
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Empiriéa] analysis on the effects of exchange rates on aariculture in-
cludes that by Chambers and Just (1979, 1981). The second study constructed a
‘ dynamic quarfer]y mode] tq analyze the time path of effects of the exchange
rate on prices received; quantities produced; consumption; exports; and

inventory stocks for wheat, corn, and soybeans. Johnson et al. have reported

a similar analysis for the wheat commodity-system. These empirical studies

suggest that the exchange rate elasticity of price is greater than unity, that
there is a complex time pattern of adjustment, and that the pattern differs
across commodities. However, these empirical investigations are very partial
in their perspective They}ignore any effects of exchange raté changeé on
domestic price inflation and incomes which, . in turn, impact on agricultural
jnput costs and output demand. However, Shei énalyzes the effects of the
devaluation on the general economy and supports the view that the partia’
"equilibrium approach overestimates the domestic price effect of a devaluation
on agricultural prices by a substantial mérgin.

Considefable controversy has arisen on whether exéhange rates have real as
well as nominal effects. In large part, the resolution of this cdntrdversy
depends on rigidities in the economy, expectation formations on prices and
~ further exchange rate changes, and whether the initial state is one of eaqui-
1ibrium or disequilibrium. In any event, the principal factors and causal
mechanisms determining exchange rates, now that market forces rather than
governmental decree play a dominant role, have been subject to considerablé
debate. Focusing on the capital component of the balance of payments, there
is a growing body of theory and empirical studies supporting the view that
monetary and fiscal policies affect capital f]ows; and this component, in

~ turn, is an important causal force explaining short-term movements of exchange
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rates. Both Frankel and Driskill provide supporting empirical studies for the

monetary approach. These éfforts, along with other studies on the_traded
goods and services component, suggest that the exchange rate and agriculture
must be imbedded in the model which recognfzes economywide behavior é1ong with -
}monetary, fiscal, and officia} foreign reserves policies.
The specification of exchange rate determination is intiﬁate]y tied to the -
export demand re]ationshibs facing U. S. agricultural éommodities. In most
empirical studies to date, tﬁe exchange rate is treated as exogenous in the
latter relationships. Most efforts to date operate with net export demand
functions along the'lfnes of Houthakker and Magee and; thus, omit botentia]
causal‘faétors that aré likely ©- bias estimates of export pfice e]asticjties
downward. Bredahl et al. have specified a framework which allows for partial
responses‘of domestfc to world prices resulting from policy intrusions, trans- i
‘ﬁgri cos{,';nd product heterogeneity.’ Work along similar lines in an empiri-
cal setting may be found in Abbott as well as P. Johnsoﬁ.. This work is
motivated, in large part, by the controversy surrounding the price trans-
mission elasticity for different countries_due td natfona] agriculture and
trade poliéiés; inciuding the»senéitivity of these policies to market condi-
4tions. For these reasons, empirical estimaﬁes of the export demand elastici-
- ties for particular commodities vary widely. For aggregate net export demand
in the United States, these estimates range ffom less than unity up to ap-
 proximately 10. Operationally, it is indeed 1ikely that the time path of
~adjustment will depend upon short~rﬁn‘inventories, lagged supply response, and
eventual policy reactions to market‘prices; Hi]]mén, Johnson, and Bale and
Lutz have discussed these issueé. Zwart and Mef]ke have investigated these

jssues for wheat and arque, based on their results, that overseas policies
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have exaggerated the instabi]fty of world excess demand for U. S. agricultural

commodities. This empirical work supports the views of D. Gale Johnson.

2.3.3. Focus on General Economic versus Sector Policies

The studies surveyed in this section strongly suggest that output prices
and input costs of the agricultural sector'are significantly influenced by i
economic evenis in the rest of the economy and the trading world. The studies
“provide building blocks of an integrative framework which attempts to capture
the interrelationships between agricuiture; the domestic economy, and the in-
ternational economy. These interrelationships establish a dynamic.pattern of
feedback effects among prices, outputs, and incomes among the different sec- |
tors. A general equilibrium representation'of these interrelationships allows

analysis of the full effects of the agricultural sector, generé1 economy, and

-trade policies. The traditional sector or commodity policies pursued by the

}U. S. government are currently viewed by much of the profession as inadequate
for dealing with the new instabi]ity affecting u. S. agritulture (Schuh).
Ovef the last fhree years, this instability has been maghified by U. S. mone-~
tary po]icy.and the resulting volatility of interest rates and exchange rates.
Unfbrtdnate]y, there.has been no quantitative analysis on the effective-
ness of general economic policies versus sector policies on the performance of
the U. S. agricultural sector. In general, there remains a dearth of analysis
on the indirect and feedback effects resalting from these two general types of
p61icy interventions. Schnittker, Hathaway, Cooperband Lawrence, and Prentice
and Schertz have investigated policy options for ameliorating the effects of
volatility in the agricultural sector on general economy priceé and macro-

economic performance. However, to our know]edge, no studies have attempted to
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quantify the effects of such policies in a fashion which recognizes the price
and quantity interlinks between commodity po]fcies, general inflation indices,
the exchange rate, and aggregate economié activity. The only empirical in-
vestigation pointing in this direction is based on the'whafton macro and
agricultural sector econometric models (Chen). In this study, the "parity
_price" values for 19 commodities were introduced into the Wharton agricultural
model using inputs from the Wharton macroeconometric model. The resulting
simulations of the Wharton agricuitura) model were fed into the Wharton macro-

econometric model to genérate revised general inflation levels, national in-

come levels, world trade, and related magnitudes. These revised values were,

in turn, fed into the agricultural model, and the effects were evaluated. The
simulation indicated large increases in farm income, the consumer price index,

and treasury costs with significant reductions in domestic and export demand.

3. TIMPORTANT ISSUES

The purpose for undertaking the model construction presented in this paper

is to provide answers to the fo]]owing questions:

What are the effects of alternative exogenous shocks on the
agricultural sector and the gehera] economy?

Should sector policies in agriculture be designed to deal
with specific shocks on the agricultural sector?

In analyzing various policies and their effects on the
agricultural sector, are sector policies more or less
important than macroeconomic policies? |

In evaluations of agricultural secfor‘policies, what 1is

the relative magnitude of effect on the general economy

as well as the agricultural sector?
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The last two questions are largely self-explanatory, while (i) and (ii)
may require some elaboration. Analysis conducted to date on the macroeconomy
investigatesAonTy the effects of agricultural droughts or production short-
falls (Gordon). In quantitative models of the general economy, export demand
booms have not been analyzed. Proper identificatiqn on the source of shocks
is imperativé in evaluating the optimal design of accommodating monetary and

fiscal policies as well as sectoral policies. To be sure, an export boom ver-

sus a domestic drought’or governmental supply restrictions implies far dif-

fefent levels of export receipts and national income. If exbort demand for:
agricultura] grains is elastic, a drought or supply control will result in a
fa]]lin export income. By contrast, an outward export demand shift would have
the opposite effect. Given agriculture's 20 percent contribution to U. S.
export receipts, these two alternative sources of shocks can have opposite and
‘significantly different implications for optimal exchange rate and monetary
policies. Policy reactions to these forces will have secondary repercussibns
on the agricultural sector and on the balance of the domestic economy.

To respond adequately to each of the issues (i-iv), a quantitative mode1

must be constructed to determine the effects of the following shocks:

1. A dramatic shift in grain export demand.

2. A dramatic environmental induced change in agricultural crop
production.

3. A change in agricultural policy such as price-support schemes,
land-use controls, and public holding of stocks.

4. A change in fiscal policy.




Changes in monetary policy, inc]uding stériiization or no
sterilization of changes in foreign account and in government
deficit; and accommodation or not, for real shocks in the
agricu1tura]rsector and the balance of the international economy.

Changes in exchange rate policy couched in tefms of fixed,

flexible, and government-managed floating exchange rate regimes.

To assess the effects of these shocks, key features must be incorporated
into the model representation. The key features of the model constructed in
this paper, which distinguish it from those‘reviewed in section 2, include:
explicit treatment of public versus private grain storage, detailed agricul-
tural sector.policies, and policy reaction functions for both monetary and
agricultural sector instruments; a flex price specification for the agricul-
_tural sector and a fixed price specification for the domestic economy; ex-
plicit links with the international economy and endogenous determination of
the exchange rate; and explicit Tinks between the domestic economy and the
agricultural sector through agricu)tural input markets; inventory investmeht
equations for agriculture and the balance of. the economy a1ong'withlfixed
investment relationships for breeding stocks in the livestock sectors; and
margin relationships between farm and retail prices.‘ The spécia] features
" integrated in one model distinguiéh the representation presented here from
what is available in the literature. To be sure, many of the building blocks
are available in the current literature; but, as yet, the integration of these
particular features have not appeared in any of the academic or commercially

constructed models.




4. THE MODEL

The model is defined in terms of the performance variables, the policy and
other exogenous variables to be manipulated, and the key_dnder]ying causal
re1ationships and identities. As previously noted, the model focuses pri-
marily on policy analyses rather than forecasting. It is designed to assess
the time patH of direct and indirect effects of a changed policy or other ex-
ogenous variable in one sector of the économy on itself as well as the other

sectors.

4.1, Performance Variables

The effects of alternative values of exogenous variables are analyzed by

their time pattern of effects on related performance variables. For the

general economy, these variables are aggregate inflation (meaéured by the con-

sumer pr}cé index) and réa] income (measured by the gross national product).
Performance variables from the agricultural sectpr include commodity-Tlevel
measures of prices and quantities produced, domestica]]yrconsumed, exported or
imported, and held for stock. More aggregate measures include net income to
crop producers (wheat, coarse grains, and soybeans)j net_income to livestock
producers (beef, hog, poultry, egg, and dairy); and the value of agricultural
land. The effects on the relative importance of trade and private capital
flows and effects on the exchange rate or change in official reserves are
analyzed. Initially, the study will consider the expécted changes in the
performance variables; but, at a later stage, assessments of the relative
variability of key performance variables under alternative scenarios will be

assessed.




4.2. Exogenous Variables .

We are interested in analyzing the effects of two sets of exogénous
variables. For the noncontrollable exogenous variables, they are a weather-
induced fall in domestic érop production and a boom in overseas demand for
U. S. crop products. Both variables were attributéd some of the.blame for the
stagflation experience of the 1970s. The hode? can also be used to assess ihe
effects of exogenous changes in rest-of-world prices including oil.

A second set of exogenous variables is the policy variabTes. At the
general economy level, these include fiscal policy either as a change in
government expenditure and/or in taxation collections andvmonetary pblicy via
the purchase of government securities and/or changes in bank reserve require-
ments. Future studies could also consider'changés in fiscal policies as they
-affect jnvestment and depreciation-components of the user cost of capital
Q;riable;; gThe level of the exchange rate can be set direct1y or indirectly

by changes in the holdings of net offfcia] reserves. The model constructed,

however, will focus largeTy on experimentaﬁion with.a'diversity of agriculf

tural instrument variéb1es. Thesé‘inc1ude crop_acreagé set-aside provisions
~and diversion ratés; loan rates; difect income granté and deficienty payments;
. direct government storage purchases and subsidiesvon private storage; govern-

ment food purchases and disposals; and, ih the case of Tivestock products,
“regulations on allowable ihport levels and domestic milk prices.

In practice, many of the policy instruments will be adjusted as a policy
set. For exampie, anvexpénSionary policy package could involve expansion of
the money supply, expansionary fiscal policy, and devaluation. A farm income

support package might entail a policy mix of acreage restrictions,'government

storage expansion, deficiency payments, and lower livestock imports.




24,

Moreover, policies which help quell inflation and thus exert downward pressure

on farm input costs could be considefed part of a farm income support package}
ATl po]iéy instrument variables wi11 not be regarded as strictly

exogenous. For particular scenarios, some of them will bebtreated as en-

Adogenous policy reaction functions. An accommodating monetary policy and an

acreage diversion rate positiVe]y related to accumulated grain stocks are two

examples.

At the conceptual level, the model is specified in such a manner that a
diversity of potential policy va}iables can be manibu]ated.. However, in prac-
tice only some of these instruments will be varied for particular dynamic path
assessments. Other variables can be He]d constant or they can be modeled by

endogenous policy reaction functions.

4.3, Model Structure

The model provides links, both direct and indirect, between the exogenous
variables and the performance variables. It is based on behavioral relation-
ships and identities. A quarter]yvtime period is used. This degree of
‘temporal disaggregation permits an understanding of the dynamic interrelation-
ships between different prices in the models which would be g]oésed over with
an annual model. On the whole, the agricultural sector is specified as a flex
price model and the rest of the economy as a fixed price model.

The agricultural sector is specified as a series of supply and demand
equationé with price playing the key equilibrating role. Agricultural crop
production is disaggregated into wheat, coarse grains, and soybeans; cotton,
tobacco, fruits, vegetables, and other crops are not included. Demand equa-
tions are specified for domestic food demand, export demand, private storage

demand, government storage demand, and government export disposal. Planted
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acreage equations representing planned supply are.expressed as functioﬁs of
expected market prices, government policies regarding loan rates and diversion
payments, and input costs. The planted acreace equations are related to
general economy movements in wages, interest rates, and material costs.
Actua] supply is explained by planted acreage, seasonal conditions, tech-
nology, and currént output prices. Livestock products are disaggregated into
beef, pork, poultry, eggs, fluid milk, and manufactured milk products. Domes—
tic supply is influenced by expected and past output prices, by feed costs,
and by costs of nonfarm‘purchased inputs. Particularly in the cattle and hog
subsectors, allowance is made for cyclical response behavior. Domestic supply
‘p1us government-deterﬁined import volumes are equated with domestic demand to
determine prices. Retai]—to-farm—price»11nk equations are influenced by the
costs of nonfarm labor and materials. A set of identities determine income to

the crop and livestock activities. The income measure is defined as gross

receipts less expenditure on nonfarm inputs and, in the case of livestock,

less expenditure on livestock feed.

The rest of the economy is modeled along the lines of the new classical
economics framework. Aggregate demand is broken down into private consumption
expenditure, private fixed capital investment, change in inventories (which,
in turn, fs segregated into nonfarm and crop commodity inventories), govern-
ment expenditure, and exports less imports (which also are broken down into
agriculture and nonagriculture components). Aggregate supply is represenfed
by price and Qage equations. Nonfarm price is determihed as a markup over
wages (adjusted for productivity) and material costs. Wages are explained by
a price expectations-augmented Phillips framework. These equations together

provide the key relationships explaining nonfarm prices, wages, and real
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income. The general price level is a weighted average of nonfarm prices and

food prices.

A conventional money-demand equation is equated to the money supply to

determine interest rates. Changes in the money supply result from the govern-
ment budget deficit plus the net surplus of foreign transactions plus the net
change in the Fed holdings of government securities. The interest rate, to-
gether with price expectations, enters the consumption, investment; and in-
ventory equations of aggregate real demand, the supply and inventory demand
equations in the agricultural sector, and net foreign capital movements.

A balance-of-payments identity ties the international accounts together.
Only for agricultural exports is the large-country assumption imposed. For
simplicity, the world demand for other exports and the world supply of live-
stock foods and other imports are assumed to be perfectly elastic. Interna-
vf{bnal tr;dé in goods énd services is influenced by wof]d price movements and
the exchange raté. Net changes in private overseas and foreign capital stocks
are influenced by relative domestic to overseas interest rates and by expected
movements of the exchange rate. The exchange rate is either predetermined, as
was the case before 1973, or set to balance the supply of and demand for
foreign currency with an inclusion of exogenous changes in net official
revenues. The latter is zero in the case of flexible exchange rates—the 1981
reference-—and nonzero for a managed or dirty float--the 1973-1979 experience.

Expected prices‘p]ay key roles at several pointé including agricultural
supply, the wage equation, and in the aggregate expenditure equations.
Initially, adaptive price expectation models will be assumed, in part because
they.appear to have as much empirical support as alternative models (for
example, Féige and Pearce and Stein). Given the interest in, and appea1.of,

the rational expectations model, the effect of rational and other expectation
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models will be evaluated in future spécifications‘of the mode1. Needless to
say, clearly the type of expettations model can have a dramatic effect.on'the
policy analyses. As a simple examp1e,'a drought-induced reduction in
agricultural output and exports would have a greater effect on the exchange
rate and wages with an adaptive exhecfations model than with a rational
expectations model. The latter would treat the disturbance as a tempdrary and
reversible aberration, while the former would regard it as the start of a new
trénd° ' |

A ndmber of crucial iniersectiona] links should bé highlighted. Changes
.ih agricu]fura1vprices, due to éeasonalvfactors and overseas demand or
government policies, feed directly into food prices and, more important]y;
indirectly into animal-based food prices because of changed Tivestock produc-
tion costs. The latter will involve complex lags. Higher food prices Tead to
‘higher wages and, in turn, by the markup equations to higher nonfood prices.
fhése prices, in turn, raise costs to agrfcu1tura1 producers, which'affect
‘their production decisions; and the cycle of cause and effect develops.
Changes in monetary and fiscal policies influence the money supply and in-
terest rates which alter aggregate demand and prites. They also éffect
international capital fldws,.commodity inventofy demand, and agriculturaf
jnput costs. Changes in aggregate cbnsumption alter the domestic demand for
agricultural products. Exchange rate movements, which are, themselves, in-
. fluenced by changes in domestic demand, domestic and overseas prices, and
“directly by policy, affect foreign demand for ekports;’suppWy of imports, and
the money supply. vThese changes set in force pressures for further changes in
prices, wages, incomes, and productfon decisions. Other sectoral inter-
dependencies are represented in the model, but the above discussion outlines

some of the more important links.




4.4, Estimation

The complete model contains 51 behavioral equations and 36 identities.
Quarterly dafa‘for the period 1966(1) to 1980(4) are used to estimate the
equations except for the overseas capital flows and exchange rate equations
wheré 1973(2) to 1980(4) data are used. Data series was obtained from the
Federal Reserve Model data file, Department of Commerce reports, and U. S.
Department of Agriculture reports and personal communication.

The model is essentially a simultaneous equation block with the exception
of the agricultural acfeage equations which form a block of recursive equa-
tions. Initially, the equations are estimatéd by ordinary least squares (OLS)
procedures; but, ultimately, it is proposed to use a consistent estimator.
Because of the many nonlinearities of the system, it is so]véd using the

 Gauss-Seidel method.

4.5. Distinguishing Features of the Model

In the rehainder of this section, we report the distinguishing features of
the model. These features are not generally available in previously con-
structed models. They include the direct effects of agriculture sector
policies, meat-breeding stock and production relationships, policy reaction
functions, domestic price linkages for farm-retail margins and farm purchased
input costs, explicit ]ihks with the international economy including endoge-
nous exchange rates; and an asset-market framework for the monetary sector.
The complete estimated model will soon be available in a Department of

Agricultural and Resource Economics Report.

4.5.1. Direct Effect of Sector Policies

The following discussion centers on the preliminary empirical results of

agricultural sectoral policy impacts. Table 1 displays the crop acreage
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response elasticities for the effective support rate, diversién payments,
market price, and variable costs. The results are consistent with prior
expeétations‘and significant. Note, in particular,‘that the variable cost
elasticities are re]ative]y large and governmental policies significantly af-
fectiﬁg acreage decisions. Therimpact of variable costs and market prices on
yields are given in Table 2. The e1a$t1cities in the coarse-grain and soybean
equations are almost equal while the corresponding elasticities are small for
wheat. |

The number of cows milked (CMK) in the dairy sector is affected by the
lagged aVerage price of milk (PM) and the price of feed (PF) as shown in thé
follwing equation (with standard errors in parentheses and elasticities in

brackets):

CMK = 3.8 - .13 D1 - .12 D2 - .07 D3

+ 071 PM(-2) - 0023 PF(-2) - .02T
(.004) (.0013) (.006)
[.17] [.06]

where D repreéents a dummy variable to reflect quarterly seasonal effects.
The prices for fluid milk are set by the federal government in relation to the
minimum support price for milk used in processed products. The blend price
received by farmers is a weighted average of the two prices set by the

government.

Since government stocks and exports of crops frequently represent 50 per-

cent of total stocks and exports, explicit representation of the intz-action
between private and public stockholding is modeled. Briefly, the federal
government sets target prices, storage and interest rate subsidies, and

diversion payments. Private economic agents respond by deciding on the




TABLE 1

Estimates of U. S. Crop Acreage Respénse Elasticities, 1954-1980
¢

Wheat Coarse grains Soybeans
Short run Short run Long run Short run Long run

Effective support
rate

Wheat .27 (.06)2/

Coarse grains
Soybeans ‘ .15 (.06)

Effective division

gagment

Wheat -,02 (.01)
Coarse grains

Market price of
previous year

Wheat .15 (.06) _
Coarse grains : -.29 (.07)
Soybeans : ' . .50 (.07)

Variable costs of
off~farm inputs
of previous year

Wheat | -.15 (.06)
Coarse grains ’ , ‘
Soybeans , ) -.22 (.04)

a/ Estimated standard errors given in parentheses. 4
b/ Costs of purchased materials, hired labor, and interest payments.

Source: Computed.




TABLE 2

Estimates of U. S. Crop Yield Reéponse Elésticities, 1954-1980

Wheat ' Coarse grains Soybeans
Short run Long run Short run Long run Short run Long run

Farm price

Wheat .09 (.o7)§/

Coarse grains

Soybeans

Variable costs of
off-farm inputsb/

Wheat | -.11 (.07)
Coarse grains o -.39 (.11)

Soybeans : | : v -.35 (.13)

a/ Estimated standard errors given in parentheses.
b/ Costs of purchased materials, hired labor, and interest payments.

Source: Computed.
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appropriate levels of private stocks, production, marketings, and the net

amount of grain placed under the government loan and Farmer Held Reserve pro—

grams. Net of direct govermment purchases and sales, goverrmental inventories
are then determined. Table 3 gives the results of the equations explaining
net placements. Changes in beginning public stocks, interest rates, target
prices, and market prices consistently and significantly affect net placements
for both wheat‘and feéd grains. The level of grain production and beginning
private stocks also significantly and positively affect net placements but are
notAreported in Table 3. Private stock demand equations are given in Table 4.
Private stocks are affected by production; government controlled stocks;
interest rates—current and expected; target and market prices; and incoming

private stocks.

4.5.2. Livestock Inventory and Qutput Decisions

- An exaﬁpie of the opposite effects between the short- and long-run changes
in meat and feed-prices in the livestock industry is shown below for the hog
sector. The inventory investment of breeding stock (IH) is affected posi-
tively by lagged hog prices (PH) and negatively by feed prices (PF) and
interest rates (IR): |

IH = 331.1 + 250.1 D1 - 268.8 D2 - 22.5 D3 + 23.1 PH(-1)

(.11)
[.11; 3.5]

8.3 PF(-1) - 18.4 1IR(-4) + .96 TIH(-1l).
(-.08) (34.7) (.07)
[-.08; -2.4]

In contrast, hog production (QH) is negatively related to changes in hog
prices and positively related to feed prices and off-farm costs of production
C):




TABLE 3

Elasticity Estimates for Selected Variables on Net Quantities
of Grain Placed Under Government Storage Programs
Quarterly, 1966-1980

Wheat Coarse grains
Short run Long run Short run Long run

Target price

Wheat ; ' 13.4 (3,1)3/

Coarse grains 16.4 (3.2)

Market price

Wheat -13.4 (3.1)

Coarse grains v : -16.4 (3.2)

Government stocks

Wheat , - 5.8 (1.7)

Coarse grains _ o - 7.6 (1.5)

Interest rate

Wheat .06 (2.1)

Coarse grains - v 6.34 (2.01)

a/ Standard errors given in parentheses.

Source: Computed.




TABLE 4

Elasticity Estimates for Variables Affecting
Private Industry Demand for Grains
Quarterly, 1966-1980

Wheat Coarse grains

Short run

Short run

Long run

Target price -

Wheat

Coarse grains

Government stocks

Wheat

Coarse grains

Interest rate

Wheat

Coarse grains

Grain production

Wheat

Coarse grains

Market price

Wheat

Coarse grains

.16 (o1&

-.07 (.02)

-.10 (.07)

.46 (.04)

-.06 (.057)

.06 (.047)

-.05 (.024)

-.02 (.036)

.47 (.02)

-.06 (.047)

é/ Standard errors given in parentheses.

Source: Computed.




OH = 1218.9 - 11.5 D1 - 137.7 D2 + 282.8 D3

+ .21 TH(-3) - 24.4 PH+ 2.4 DPF + 80.7C
(2037 (3.63) (1.46) (11.2)
[.303] Tl .33

Any shock to the economy leading to increased feed prices will exacerbate

hog-meat prices in the short run through liquidation of hog inventories and
increased hog supply. However, hbg prices will be higher in the long run
compared to initial levels since hog supply will decrease due to depleted
breeding stocks. Similar patterns of cyclical reéponse to price changes were

found for cattle and beef.

- 4,5.3. Pblicy Reactién Fﬁnctions

In general terms, policy decisions with respect torimport quotas on
livestock and dairy products, minimum support prices for grains and dairyv
pméddcts, éo&ernment stocks, and government purchases and sales of grain and
| dairy products represent a political bélance between higher priceé sought by
producers, lower food costs sought by conéumers, and small and nonvisible
budget outlays. A-formai optimization model analysis of U. S; beef import
quotas by Rausser and Freebairn in which the import level was positively
related to prices and negatively related to the inventory of animals had goéd
explanatory properties‘for the 1970s. A similar approach can be taken here
for the othér sectors and policies noted above since the entire constraint
structure is estimated for each sector influenced by governmental pqlicies and
iinked to general economy price, expenditure; and public budgét levels. The
response of private economic agents to governmental program instruments is
modeled explictly énd, hence, allows for the direct derivation policy-reaction

functions on the part of government. Certain preliminary reduced—fofm,




policy-reaction functions were estimated in this model for government target
prices, wheat and coarse grains, and milk support prices. This allows for the

direct feedback effect of economic conditions on governmental behavior.:

4.5.4. Domestic Price Linkages

f, retail food

~ The degree of interdependence between farm prices, P
prfces, P, nbnfarm (product and services) prices, P, raw materia] (prin-
cipally energy) prices, pe, general wages, W, and costé of nonfarm inputs
(which enter farm-supply functions), Cf, in the mdde] isvrepresénted by the

- following set of equations:

(1) retail-farm price equations:
Coem - f(pf, W, pY),
nbnfarm'price mark-up equation
o P" = £(W, P9,
general price index identity
P =}ep” + (1 - o) PMs
Phi]]ips}curve wége equation

W= f(EP, Y - YP),

(5) farm purchased input-cost identity

cFap g, PN g, P s by T
where EP denotes expected price, Y - YP denotes.the difference between
realized and potential GNP, r denotes nominal interest rate, and all other
terms are as defined above. Similar to thé results reported by Hein and by
VLarnm and Westcott, our estimates of the retail-farm price eqguations indicate

that changes in farm prices take two quartefs before being fully reflected in




37.

changes in retail prices. Also, we find no evidence of significant non-
symmetries of response to price rises and falls. Our estimates of the nonfarm
price and wage equations yield similar results to previous studies of Gordon,
Wachter, and others; as with theée studies, it is difficult to distinguish
between different lag structures. There seems to be some instability of
parameters, and some specifications imply an accelerationist relationship. In
total, the five equations describe a highly interrelated process of cause and
effect between farm and nonfarm prices.

4.5.5. Explicit Links With the International Economy
and Endogenous Determination of the Exchange Rate

The general specification of the identity for U. S. transactions with the

rest of the world is given by

.Cx»*pc+ox*E—W-LM*PPL—0M*PW*E+PNCF+COR=0

real quantity of crop exports

index of crop prices in'$U.S.

real quantity of other exports

index of world priées (using same weights asvfor exchange rate)
index of exchange rate (defined as number of $U.S. required to
purchase a unit.of foreign currency given by the ?edera] Reserve
Board's bilateral 10-country Weighted index)

real quantity of livestock imports

index of livestock import prices in $U.S;

real quantity of other imports
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net change in private'capital assets (defined as change in u.s.
private assets abroad plus change in foreign pr{vate assets in

the United States less discrepancy)

COR = a balancing item representing net change in official éssets (by
both U. S.vand foreign country authorities).

‘Crop exports, CX, and crop price, PC, are derived from a price clearing
model which has equations for crop production, domestic demand for food,
domestic demand for feed, private inventory demand, government inventory
demand, and a supply equals demand identity. Rather than estimate simplified
export demand elasticities and risk the many biases associated with this pro-
cedure (see Orcutt and Thompson), we used Yntema's formu1ae‘fo calculate the
export demand elasticities as a weighted sum of domestic demand and supply
“élasticities in the principal expoft—competing and import-competing coun-
tries. We have extended the procedure used by Bredahl et al. to allow for
_ fime lags in response and for cross-price effeéts.' Specifica]]y, for the
“export demand elasticity in a particular period, we use the formulae:

d : S
Q. Q3

-3 _;_EE‘?r E?.r __gisjrr ES
S E AT

elasticity of export demand for i with respect to price
elasticity of demand and supply, respectively, for i

with respect to price j in country r

~elasticity of fesponse of domestic demand price and supply E

price, respectively, to exporter's price
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= elasticity of excess demand in country t (distinct from
country r) for imports of i with respect to exporter's
price j
U. S. exports of i
= quantity of j demanded and subp]ied, respectively, in
country r
_ and
Q?t net import of i'by country t.
The preferred strate@y was to treat all countries in the first right—hénd
terﬁ; however, limited data forced the treatment of the centrally planned
economies by the second rigﬁt-hand term. |
The implementation of the above relationships required data from several
sources. Briefly, the country breakdown follows that of the USDA Grain,
0ilseeds ‘and Livestock Model (GOL) described by Rojko et al. (a total of 26
country groupiﬁgs). Quantity data came f%om USDA publications.- The price
elasticities refer to three periods: (1) where there is is no supply response
(one quarter); (2) where short-term supply response is allowed (one year); and
(3) the long run. The price elasticities of demand, long-run supply, and of
import demand of the centra]ly planned economiés elasticities are essentially
those of the GOL model (where available) updated by recent estimates reported
in the literature. The short-run supply elasticities are based either on

available studies or set at half the long-run supply elasticity. Values for

the price transmission elasticities (with extreme values of zero for com-

pletely insulating domestic policies and unity for free trade) are determined

arbitrarily after consideration of information on national agricultural

policies compiled by FAQ, country yearbooks, annual reports of marketing
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authoriti_es, and profes.sional journal articles. For example, in the case of
wheat, the price transmission elasticities for the EC are set at 0 for the
short run» and 0.1 in the long run; for Canada, at 1.0; and for Austraiia, at 0
in the case of consumption and 0.75 in the case of production. Clearly, some
approximations are invoked. The derived direct and cross-price elasticities
of demand for U. S. expdrts of wheat, coarse grains, and soybeans are given in
Table 5. | |
Compar ing the long-run direct price elasticities of export demand with
those of other studies, they are much greater than those obtained by Chambers
and Just who use a simplified net export demand function (-.25 for wheat, |
-.62 for corn, and -.29 for soybeans) and are less than those estimated by
Johnson (-6.7 for wheat and -10.2 for feedgrains) although slightly above the
| preferred estimates of Bredahl et al. (—1.67 for wheat, -1.31 for corn,
~ -2.36 for sorghmn, and -0.47 for soybeans). Of course, the cross-price’
elasticities reduce the value of our total elasticities below the direct price
effect. A single variable representing the net effects of supply and demand
. factors for U. S. effects was estimated as a residual item. Since the model
is designed only for policy analysis, this ‘is not considered a weakness.
| For livestock imports, principally beef and manufactured dairy products,
policy factors are dominant. Our initial specification assumes that the
import  quantity, IM, is determined by a quota and that the domestic price, PM,
is paid for these imports. The domestic U. S. price is determined from a
solution of domestic demand equals domestic production plus imports of live-
stock products. It is assumed that this price exceeds the world price, that

exporting countries receive the rent between the United States and world

price, and that the United States can purchase IM without driving the world




TABLE 5

Estimated Direct and Cross Price Elasticities
of Export Demand for U. S. Crops

Elasticity with respect to price of:
Wheat Coarse grains Soybeans

One quarter

Wheat
Coarse grains

Soybeans

One year
Wheat

Coarse grains

Soybeans

Long run

Wheat
Coarse grains

Soybeans

Source: Computed.
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price above PM. These assmrxpﬁions are in accord with the facts for most of
the 1970s. An alternative specification feplaces the exogenous import quota
with a policy reaction function. ‘ |

Turning to the exports of noncrop products, OX (mainly of a manufacturing
source) and imports of nonlivestock products, OM (mainly raw materials and
manufactured ?roducts) , we assume that the United States can be regarded as a
emall country. This simplifying assumption is based on quasi-ftee trade in
these products and the fact that U. S. foreign trade represents less than
10 percent of the rest of world production. As a result, world prices, PW,
are treated as exogenous. The demand for other imports and the Supply of
other exports are described by the functions: . |

7 P

I v __WP*E) i + 0.1396Y + 7.1529D

-15.06 — 64.69
=0 (.0199)  (6.5315)

(30.81)
[~0.71]

= —.87, Wy = =u2L, Wy =26, Wy = W54, Wy = 64, wg = .55,

= .28, wy = -.19

.

i=0 WP*E i
(6.70) (.0074)
[0.59]

7
_164.1 + 46.53 wi( P ) + 0.1566Y
. -

= ,54, w

l = 019' w2 = —.04’ W3 = _olG' W4 = ’-016'

= _.'.05, w6 = 017, W7 = .50

real noncrop exports

real nonlivestock imports




u. S.. n@fo& price index
world price index
index of exchange rate
feal u. S. GN?

anrd

D = dummy variable for pre-1973.

The long-run import demand elasticity of 0.59 is similar to that obtained by

Goldstein et al. and Murray and Ginman when they impoée the homogeneity
constraint (estimates of 0.68 énd 1.23, respectively); but the results of
these and other pépers question forcing this constraint. Our estimated export
Supply elasticity 0.71 is less than the estimate of between 3 and 6 obtained
by Goldstein and Khan. We found no significant response of either import
demand or export supply to the gap between actual and potential GDP. Thus,
income has a' linear effect in both equations.

To explain the net change in private cépital assets held by u. S. resi-
dénts and foreigners, PNCF, we used a simplified portfolio capital model and
~ followed ﬁhe empirical work by Kreicher. Our equation esﬁimated over the
pericd 1973 to 1980 is:

PNCF = -6.98 + 3.7914 (R; - EP) - 3.3355 (R - EPW)
(1.2106) (1.0275)

net private capital flow,

= domestic short-term interest rate (three-npnth Treasury bill
fate),_ -
foreign short-term interest rate (using Federal ReServe Board

bilateral weighted series),
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expected domestic inflation (using adaptive expectations moael

EPy = 0.2 Py + 0.8 EP ),

expected world inflation (using adaptive expectaﬁions nndel.
- EWP_ = 0.2 WP, + 0.8 EWP,_,).
The estimates indicate that changes in domestic and world real interest rates
and expected inflaﬁion rates‘are significant causal variables.

Given the above determinants of the demand for and supply of foreign cur-
rency (in terms of $U.S;),.the balance of payments equation can be used to
reflect three scenarios for the deﬁerminatibn of exchange rates. First, the
exchange rate is set exogenously; thus, the change in official reserves, COR,
is treated as a residual endogenbus variable. Second, a scenario of fully
flexible exchange rates is obtained by setting COR =‘0, and solving the bal-
ance of payments equation for the exchange rate, E. Third, a scenario of a
managed float (the 1973-1980 story) can be used. This can be achieved by
setting COR exogenously and solving the balance of payments for E. ‘Alterna-
tively, changes in the exchange rate can be modeled by a policy reaction
function. We estimated such a function: |

7
.69 - 1146 I w:.L(PFUI\ID)t‘_i

i=0
(.0431)

A2, w, = 24, w

1 = .11, w

2

=-,00, w, = .05, w, = .15

6 7

where e denotes percentage change in exchange rate (at annual rate), and PFUND

is the balance of payments on private account. This equation indicates that,
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as the private balance of payments goes into debt, the authorities devalue the

$U.S. but with some adjustment and/or expectation lags. Adjustments can be
initiated by éhanges in the individual components of PFUND which include
domestic prices of crop, livestock and nonfood products, and world prices;
domestic and foreign interest rates; and expected domestic and foreign

inflation rates.

4.5.6. The Monetary Sector -

The formulation of the monetary sector follows the current literature
rather closely. The demand for real money balances is estimated as a function
- of real income (positive and significant); the nominal interest rate (negative
and significant); and the lagged real money balances (stable, positive, and
significant) . Money supply is treated as an identity; it equals the previous
stock of high-powered money plus goverrmental deficits, the change in official
reserves of foreign assets (balance of trade from the real sector plus net
short-run capital inflows), and the change in the Fed's holdings of bonds all
times the money multiplier. The interest rate is determined endogenously by
equating money demand and supply. |

The above (partial) financial asset portfolio view forms the basis for the
simulation analysis reported in the following section. A second version of a
monetary sector is under development. This second version emphasizes not only
commodity assets but other nonfinancial assets such as land, gold, consumer
durables, and residential and commercial real estate. In total valug terms,
these tangible assets are approximately equal to public holdings of financial
assets. This second version leads to a generalized "asset market" approach
where increases in the real rate of inﬁerest causes public holdings to shift

from tangible assets to financial assets and vice versa for decreases. Tax
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policy (ordinary and capital gain tax rates) over the sample period magnify
ﬁhe effects of decreases in the real rate of interest. No simﬁlation results

are reported here for this generalized asset market view. We hope to provide

such results in the near future.
5. SIMJLATION RESULTS

At this juncture, .only a few simulations have been conducted with the
estimated model. Further revisions of the model specification will be made
prior to any additional simulation experiments. In any event, the results of
four experiments are reported here: (1) a permanent increase in ¢rop export

demand; (2) a temporary increase iri crop export demand; (3) restrictive

monetary policy; and (4) a bountiful harvest in the current crop year, 1981.

. 5.1. A Permanen. Increase in Crop Exports Demand

The model is used to assess the impact of a permanent increase in grain
' eprrt demand due to @rld shortfalls in crop production, changes in agricul-
tural policies, or other exogenous shocks in the rest of the world. The
-effects of 'the export boom on the time paths of U. S. crop and livestock
prices and quantities, real income, inflation, nominal wagés, international
transactioné, and the exchange rate are evaluated. | | |
The initial effect of the export shift is to raise domestic and world
i)rices of grain and reduce domestic feed and food demand for grain. The
extent of the price increase is conditional on the initial levei of ihven—
tories and the time required by stockholders to realize that the demand shift
is not temporary but long term. Prices will increase approximately 40 percent
assuming no inventories. Daﬁestic food demand is 20 percent of total sales

with a price elasticity of 0.2; feed demand is 30 percent of total sales with
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short-run and long-run price elasticities of 0.2 and 0.4, respectively; and
short-run and long-run export demand elasticities of 1.0 and 3.0,'respec—A
tively. The initial impact will be moderated over time as supply and feed
demand respond. As a result, prices will increase by 10 percentbwith total
output improving by 8 percent (assuming a long-run supply elasticity of 0.8).
In addition, these direct effects will be modified by indirect effects on the
exchange rate, nonfarm input costs, and national inoawé‘

The higher costs of grain will significantly affect the poultry, egg, and
daify industries by inducing a contraction in supply causing their prices to
increase by 8 percent and 10 percent‘in the short- and long-run, respectively
(assuming short—- and long-run supply elasticities with respect to feed costs
of 0.2 and 1.0, respectively). For the cattle and hog industries, the

response will be more complicated due to cyclical behavior. Iﬁdeed, their
» ééiées wili fall in the short run as breeding herds are liquidated in response
to the decline in expected profits. After two and three years for hogs ana
cattle, respectively, thé decline in breeding inventory and feeding rates
(rate 6f gain and animal weights) will result in higher meat prices.

Via the consumption multiplier and investment accelerator processes, the
crop export boom induces an increase over time in national income, exceeding
that of thebincrease in farm income. The sooner the crop boom is recognized
as permanent, the faster this phenomenon will occur.

An important indirect effect of the export boom is the induced rise in

general inflation and wages. This process is more complicated in its time

dynamics than described by Okun (1975), Gramlich (1979), and others. The high

domestic grain prices flow through to higher retail prices for cereal products

and products based on oilseeds. These products, however, have a less than
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5 percent weight in the CPI. By the end of the year, prices of dairy prod-

ucts, poultry, and eggs will be higher. Importantly, for the reasons
discussed above, prices of the important beef and pigmeat products which con-
tribute over 6 percent of the weight of the CPI will not contribute to infla-
tion in the short run. By the end of three years, their prices will rise
significantly as a result of the higher grain prices.

In turn, wage rates will rise, in part because the higher consumer price
index raises both current and expected inflation rates and, in part, because
the increase in real incame leads to less resistance to wage increases via the
Phillips curve relationship. Here the way in which the food price increases
influeﬁce expectations about inflation is important.

Given the initial increase in wages, there will be rises in nonagricul-
tural prices via the cost markup rules for pricing these products. The higher
-wégé'and ﬁoﬁagricultural product prices will influence farm as well as nonfarm
production and investment decision making. The interaction between wage in-
creases and nonagricultural product prices works to magnify the original |
effects. In the accelerationist models, Ehis prbcess can proceed for many
quarters and beyond. This aspect of the model forms the basis of most
macroeconomic‘framewofks.

Looking at the balance of trade, the initial favorable effects of the crop
export boom will be partly offset by the rise in imports caused by the
increase in real income. While the induced rise in domestic price levels

will, ceteris paribus, work against a favorable trade balance,'it is likely

that this will be matched by similar price rises in other trading countries.

Almost certainly the net effects will be positive. -
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A number of alternative scenarios can be drawn for the money supply. .The
faQorable balance of trade will increase the money supply if it is not steril-
ized by the authorities. Whether the increasadrtmdnal money supply causes a
- rise or fall in interest rates depends on the combined offsetting effects of
the increases in real income and in‘nominal prices. A fall (rise) in interest
rates will cause a flow of funds out of (into) the country and increase
(reduce) real investment and inventory holding activity. If the increased

‘money supply is sterilized, it is clear that interest rates will have to

increase and that this will lead to increases in foreign capital inflow and

place a depressing effect on domestic real income.

Assuming there is no mérked increase in capital outflow, the favorable
tradé balance will exert pressure for a currency revaluation. A revaluation
will help to restrain inflationary forces as well as influence industry struc-
Atdié; Inrtﬁe very long run, a sustained crop export boom will call for some
contractlcn of competing export and import 1ndustr1es.

The many interrelationships and feedback effects present a complicated
picture which is sensitive to numerous paremeters, expectation formation pat-
terns,>and policy reactions. Nonetheless, some general effects on the agri-
cultural sector and general econcmy performance variables can be drawn. The
boom in crop export demand will increase crop income; reduce livestock income;
and, in net, increase aggregate agricultural income. The net gains will
increase with time because of greater adjustment possibilities. An isolated
agricultural sector model analysis would overestimate the income gains by
ignoring the impacts of the induced rise in labor and nonfarm input costs on
farm supply and demand, the currency revaluation, and by underestimating the

induced increaseliﬁ livestock product prices. Higher general economy prices,
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.wages,'and real income will flow fraom the export boom. The 1on<j lags before

. higher livestock product pfices enter the general economy were not captured by
previous macroeconomic analyses and nor were the impacts on the exchange

rate.

5.2. A Temporéry Increase in Crop Export Demand

The effects of a temporary shift in export demand is critically dependent
on the expectation formation patterns of agrlcultural producers, wage bar-
gainers, price setters, and policymakers. In the rational expectations formu——
lation, agents will view the boom as a temporary rever51ble aberration and so
induce minimal short- and long-term effects will be indﬁcéd. Changes in
jnventories will absorb much of the market requireméni:s and, ﬁence, dampen
short-run price movements. Producers will not alter planned crop acreages énd

. livestock inventories. Wage negotiatoré wlill_. place little weight on any tem—
porary fo@ price inflations, while government authorities will use monetary
and exchange rate policies to oounteréct anyvpotential short-run food price
inflation. -

In a world of adaptive or extrapolatlve price expectatlons, there w1ll be
important short-term effects but few 1ong-term effects.  With the anticipation
that changes in forces will continue into the future, the observed effects for
the éhort ‘and intermediate term will be similar to those described in 5.1. )
When the export demand contracts, these very same forces will be set in
reverse. Other than the observation that money wages do not contract, there
is little evidence of asymmetrical responses by ‘decision-—makers as between

price rises and price falls.




5.3. Restrictive Monetary Policy

Suppose the monetary authorities effectively reduce the rate of grdwth of
the money supply by selling government securities to the public. What happens
in our model to the key performance variables in the genetal econonty , the
agricultural sector, and the interface with the rest of the world

The story for the general economy is essentially that of the new classical

economics model in an open economy. A reduction of the money supply leads to

a fall in real money balances and a rise of interest rates (or a fall in the
rate of money growth causes a fall in the rate of growth of real monetary
~balances and a rise in interest rates). The higher interest rates adversely
affect inventory and investment levels but with a long pattern of lags which,
in turn, shift the aggregate demand curvé to the‘left. This has the effect of
reducing aggregate real output and the rate of inflation. However, the fall

| “in inflation in time shifts the aggregate supply curve to the right, and these
shifts increase.real.output while reducing the inflation rate. Under the sim-
ple rational expectations model of Lﬁcas, Sargent and Wallace, and others, the
supply curve shifts at the same rate as the demand curve so that real output
differs from potential output only by a white noise random variable. When
allowance is made for lagged inventory and investment responses to interest
rate ¢hanges, the situation revealed byveconometric studies, including our
model and Biinderband Fischer, reveal the resulting cyclical responses. Under
adaptive price expectations in the wage equation,'the monetary contraction
will cause a fall in real income in the short run; however, there is a longer
run tendency to return to full employment. The latter result stems in no
small part from the fact that adaptive expectations are asymptoticslly
rationél. There is a growing body of empirical evidence supporting some

element of adaptive expectations.
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The inclusion of international trade complicates the model in'two ways.
First, a lowering of the inflation rate relative to that in other countries
improves the_competitive position of the traded goods industries. Again, the
response to‘changing relativé prices takes two years to fully adjust in our
model. The iﬁproved trade balance leads to a rightward shift of the aggregate
demand curve. . Second, higher interest rates will increase net capital inflow
- on the foreign account. The induced improvement of the balance of payments on
both the trade and capital accounts will add to the money supply, and here we
assume this effect is sterilized as part of the restrictive monetary package.
Also, it-will create pressures for revaluation of the exchange rate.

Cambining these effects, we can draw the following picture. The short-run
effects of a tighter ncnetary policy is to reduce the rate of inflation,
reduce the level of real income, and improve the balance of payments. There
is a longén run tendency for real income to return to its potential level. A
' long-run equilibrium situation requires full employment, an inflation rate
equal to the rate of growth of the nominal money supply, and the exchange rate

to change as the difference between the domestic and world inflation rates

(the purchasing power parity doctrine in a world of no real changes).

These macroeconcmic effects have important implications for the
agricultural sector. The fall in real income in the short run reduces demand
for the meat and dairy products (income elasticities around 0.3) but has only
small effects on demand for cereal products and eggs (income elasticities less
~ than 0.05). These responses will take some time because of lagged responses
of real income to higher interest rates and because of lagged response of
consumption expenditure to changed income. In the livestock industries, the

fall in consumer demand could initiate a phése of liquidation of the breeding
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herd. Tﬁe decline of the livestock industries, together with reductiéns in
- the direct crop product demand, will tesult in reduced domestic demand for
crops, a fall-in their prices, and increased export sales. Over the longer
run, the return of real income to full émployment levels will reverse these
short-term effects.

By reducing the rate of inflation,; the tigﬁt monetary policy will improve
farm incomes. Costs of purchasing off-farm labor, goods, and services and
costs of off-farm marketing activities will be less than'they otherwise would,
although some of this will be offset by the higher interest costs.,.Lerr pro-
duction costs will facilitate higherAfarm incomes and‘increased supply
response. However, should domestic inflation fall significantly below infla-

tion in overseas countries, there will be pressures for revaluation of the

currency. This, in turn has adverse effect on export demand for crop products

and leads to falling crop prices.

Then, as for the general economy, tigﬁt monetary polidy will have no ef-
fects in the long term on agriculture, since it affects only nominal and not
" real terms. However, it may have important short- and intermediate—term
effects. Because of longer lags between the fall in income and its effects on
food demand and on lower geﬁeral prices éﬁd wages, it is likely that farm
incomes will increase during the short run. This will be more so in the éase
of the érops where there are further lags in the livestock derived demand, and
there are the cushioning effects of an elastic export demand. In time, cur-
rency revaluation associated with the relatively low level of domestic infla-
tion will cause the rate of change of prices received to fall back into line
with the rate of change of prices paid. Our results support the view that the
long run will be approached not in é monotonic fashion but via a dampened

cyclical path;




5. 4 A Bountiful Harvest, 1981

It is interesting to use our model to describe the likely path of general
prices, wages, and income and of agricultural prices, inventories, and income
over the next year or so. Specifically, consider the case of a boﬁntiful
harvest, tight monetary policy, no changes in fiscal policy, a flexible
exchange rate policy, and no changes in agricultural sector programs.

The initial price-depressing effect of the bountiful harvest will be
exaggerated by secondary effects. The tighﬁ menetary policy causes a rise in
real interest rates. These, in turn, depress nonfarm inventory investment and
fixed investment. After a perlod of steady adjustment, there Wlll be reduc-
tions in real income, employment, and consumption expenditure including that
on food—more so for the income-elastic meats.. At the same time, the high
interest rates will encourage greater capital inflow which, together with the
£all in imports caused by the slowdown of real income growth, will cause some
appreciation of the exchange rate. 1In addition, the higher intefeet rates

induce the private sector to hold less crop inventories.

Effects on the livestock sector are more complex. The fall in crop

prices, by reduciné animal feed costs, will raise expectations about the
future profiﬁability 6f animal production. While this will mean greater sup-
plies of poultry, eggs, and dairy products in the next quarter, its initial
effect for beef and pork will be the reverse since animals are retained for
breeding rather than being sent for slaughter although those animals slaugh-
tered will be fed to heavier weights. However, the fall in iﬁccme associated
with the tight monetary policy will, in due course, cause a shift to the left
of the food-demand curves. After some quarters, the meat price decline may

exceed the effect of the feed-cost decline on expected livestock profitability.
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The 1ohger run and, perhaps, the intermediate run (after a year) effect will
be for livestock prices to fall.

Develognehts stemming from the tight monetary policy and the fall of agri-
cultural commodity prices will be deflationary. Low commodity prices work
through to lower food prices but with the full effect taking up to two
quarters which, in turn, reduces expected prices used in the wage-bargaining
process. Slower real income growth will also exert a downward force on the
rate of wage expansion. 1In turn, 1ower wage increases mean lower rates of
growth of nonfarm prices. The reduced rates of wages and nonfarm prices will‘
offer same relief to nonfarm costs but, of course, they will still have to

incur the high interest-rate costs.

6. OONCLUDING REMARKS

" The dynamic econometric model presented in this paper adequately incor-

porates the interactive and feedback effects of macroeconomic policies,
sectoral policies, and noninstrument shocks on key periormance variables in
agriculture and the general economy. Previous frameworks focusing on agricul-
ture are viewed as too partial (Ekstein and Heien, Hathaway, D. Gale Johnson)
or too simplistic in their evaluation of various sources and types of shocks.
Moreover, the perspective offered by macroeconcmists has failed to treat the
agricultural and food system adequately and to identify the appropriate source
of the shock in evaluating macropolicies. To correct the narrow focus and
partial treatments of inflation, exchange rates, and dichotomous sectorial and
macropolicies, the current model representation is integrative in scopé and
distinguishes key features of public versus private decisions, policy reaction

functions, and fix/flex prices.
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‘The results indicate that policy and noninstrument shocks (1) have dif-

ferent short-run and long-run effects in terms of both magnitudes and direc-

tion o key pérformance measures, (2) have effects that result in sectoral

policies which are substitutable or - complementary with macroeconomic policies
in either the short or long run with some reversals occurring due to the
dynamiés of the meat sector, and (3) are either exacerbated for some policies
or ameliorated for others by including the endogenous pblicy reaction

functions.
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