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The Agricultural Component in Macroeconomic Models

By William E. Kost*

|

Absiract

Many of the operational macroeconomic models examined either ignore or treat the agricul-
tural sector as exogenous When the sector is treated as endogenous, 1t 1s most likely strue-
turally misspecified andjor too small to provide much information about agriculture Given the
increased awareness about economic interdependence among sectors, the importance of agri-
culture, the growing demand for more detailed forecasts, and the growing elaboration of
econometric models, both agricultural economists and macroeconomists should direct more
attention to making agricultural sectors of macroeconomic models endogenous
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The last decade has witnessed a proliferation of econeo-
metric models, especially macroeconomic models Macro-
economic modeling efforts have been increasingly used to
forecast future economic behavior and to analyze the
impacts of alternative economie policies This trend has
been accompanied by a growing awareness of the inter
relationships between the various sectors of an economy
and between different national economies This situation
15 particularly true for agriculture

With high rates of inflation and reduced real income
growth, food becomes a more important part of the con-
sumer budget As agriculture becomes more industrialized
and, therefore, depends more on nonagricultural inputs,
the demand for the products of many industries depends
increasingly on the economic well-being of the agricultural
sector With rising raw materials and energy prices and
the reduced economic independence of both the agricul-
tural sector and the national economies, agricultural
markets depend increasingly on poheies 1n the rest of the
economy As world population grows, food demand grows
For countries with large or growing populations, domestic
food demand becomes inereasingly important Thus, for
exporters or imporiers of agricultural products, agricul
ture becomes increasingly important

In this article, I evaluate the impact these changes have
had on macroeconomic modeling. Only recently have
enough preconditions existed to make such a study rele-

*The author 1s an agricultural economist with the International
Economies Division, ERS He wishes to thank Clark Edwards,
Vernon Romingen, and an anonymous reviewer for their helpful
comments

vant First, agriculture must be important (or be per-
ceived as tmportant) before agricultural details should be
incorporated into macroeconomic models Second, macro-
economic models should provide (or potentially provide)
some benefits to decisionmakers prior to any considera-
tion of expanding or modifying them to provide agricul-
tural detaill Finally, enough macroeconomic models in cur-
rent use should be documented 1n sufficient detail to show
just how agriculture 1s currently treated Only then can
we evaluate the appropriateness of the model specification
to capture the agriculture/nonagriculture interaction or
can we make recommendations on how models can be
modified to capture this interaction better A survey of
the specifications of the agricultural block of several »
macroeconomic models allows me to evaluate the appro-
priateness of these specifications and to make recommen-
dations on the direction of future research !

The Importance of Agriculture
to the National Economy

The concern,about agriculture/nonagriculture mnterrela-
tionships results largely from an increased awareness of
the feedbacks inherent in economic systems Macroeco-
nomic models provide endogenous values for those vart-
ables — such as disposable income —that drive'separate
agricultural sector models These variables are deter-

1A study of the modeling interrelationship between agriculture
and the rest of the economy can be evaluated from two perspec-
tives How has agriculture been incorporated into maeroeconomee
medeling? How have nona 1cultural {actors been incorporated
into agricultural models? The Subotmk paper (19) takes this latter
approach Italicized numbers in parentheses refer to items n the
references at the end of this article
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minants both of consumer demand for food and of factor
supply of agricultural inputs Enclosing the agricultural
sector 1n a macroeconomic model allows us to conduct an
endogenous examination of these feedbacks Macroeco-
nomic models are also based on national account concepts
and 1dentities that are aggregations across sector compo-
nents Thus, agriculture 1s crucial to the complete specifi-
cation of any macroeconomic model Any sigmficant
change 1n one compeonent changes the sum, and changes 1n
the agricultural sector are frequently sigmficant encugh
to affect national aggregates There are several other
reasons why sectoral detail should be included in maero-
economic models Many macroeconomic model clents
(policymakers, businessmen, social scientists, and others)
are interested 1n the performance of specific.sectors of the
economy —including the agricultural sector —as well as in
the performance of the total economy This interest 1s par-
tially generated because policy stimulus responses differ
among sectors Furthermore, many public policy proposals
are themselves sector specific These sector policy pro-
posals can be expheitly simulated only of the mode! has
expheit sector specifications

These above arguments imply that.at\least a few 1nd1
vidual sectors should be explicitly included in macroeco-
nomic models One would hope that forecast accuracy will
mmprove 1if sector detail is included, although it need not
The prineiple argument for including sector detail hinges
on an Interest tn sector performance If detail 1s to be
included, and if one views macroeconomics from an aggre-
gation perspective, then appropriate feedback mechansms'
must be included, each type of variable should both affect
and be affected by the other type of variable

The reievant question then becomes How important are
thg various sectors to the total economy?'If a sector 1s not

important, there will be little feedback from that sector to
the macroeconomy However, if that sector 1s important,
there will be sigmficant feedback and the details of that
sector should be modeled Therefore, the 1nitial 1ssue 1s
the importance of agriculture to the total economy

I have already alluded to the growing importance of pri-
mary products, particularly agriculture I will now
attempt to quantify the relative importance of agriculture
to the total economy 1n countries for which operating
macroeconomic models already exist

Many criteria can be used to measure agriculture’'s impor-
tance to the total economy In many countries it accounts
for a significant portion either of total production or of
total consumption If agriculture 1s not important from
these viewpoints, 1t.may still be an important component

of a country's 1nternational trade If so, 1t should be exphe-

1tly 1included mn a macroeconomic model The way agricul-
ture'simportance to a country 1s defined indicates just
how the.agricultural sector should be specified

Table 1 shows the relative importance of agriculture to
the total economy of 13 countries Australa, Austria, Bel-
gium, Canada, Finland, France, Italy, Japan, the Nether-
lands, Sweden, the United Kingdom, the United States,
and West Germany The data show the relative importance
of agricultural production, consumption, imports, and
exports to total production, consumption, imports, and ex-
ports for the 1560-75 period These 13 countries represent
the Project LINK countries documented 1n (20) The time
period covers most of the sample period over which the
LINK models were estimated As most operating maero-
economic models deal with developed countries, these
Project LINK countries represent a reasonable sample

Table 1—Relative importance of agnculture to the economy, by country, 1960-75

CONS PROD IMPORTS EXPORTS
Country Standard Standard Standard Standard
Mean deviation Mean deviation Mean deviation Mean deviation
Percent
Austraha 297 30 89 22 90 39 641 133
Austria 381 36 T9 20 160 56 99 63
Belgium a7 23 417 12 173 31 100 6
Canada 234 13 47 8 128 47 225 125
Finland 402 21 140 25 144 53 56 6
France 331 64 71 12 246 93 192 19
Italy 435 490 106 20 293 61 125 39
Japan 364 as 88 27 312 97 47 45
Netherlands 28 4 29 68 10 178 17 276 28
Sweden 29 4 9 51 10 127 28 39 7
United Kingdom 341 23 29 4 327 92 B0 8
United States 193 16 33 5 228 98 224 70
West Germany 19 34 39 9 258 56 36 7

Sources (9, 12)




In table 1, CONS represents the private final consumption
expenditures on food, beverages, and tobacco at current
prices as a percentage of private fimal consumption expen-
ditures at current prices PROD represents the domestic
product of agriculture, hunting, forestry, and fishing
industries at current prices as a percentage of gross
domestic product 1n purchasers’ value at current prices
IMPORTS represents total agricultural product imports
as a percentage of total merchandise imports EXPORTS
represents total agricultural product exports as a percent-
age of total merchandise exports Table 1 presents the
mean and standard deviation of the annual measures of
agriculture’s relative performance

Consumption of agricultural products accounts for 20-40
percent of total consumption For several countries, agri-
cultural trade represents over 20 percent of total trade
Agriculture tends not to be as important 2 part of produe-
tion in developed countries as in developing countries,
however, the importance of agriculture 1s relatively high
in the consumption or trade categories of developed coun-
tries Any sector thatconsistently contributes over 20
percent of the total —be it production, consumption, or
trade — probably warrants separate attention in any mod-
ehing effort that attempts to provide sectoral disaggrega-
tion Thus, all the countries listed in tabie 1 could benefit
from including an agricultural sector 1n their macroeco-
nomic models

The Agricultural Specification
of Macroeconomic Models

In this section, I survey several operational macroeco-
nomic models I review the equation specifications to
determine what agriculiural sector variables tendogenous
or exogenous) were included 1n the models and how the
agricultural sectors were specified Only recently could a
researcher conduct such a survey The survey's success
hinges on two events (1} widespread acceptance of the
models and (2} adequate documentation

Although macroeconomic models have existed for many
years, only recently have they moved irom the position of
academic exercises.to that of acceptance as relevant fore
casting and policy tools which are regulariy used Even
after maeroeconomic models were accepted and used,
many remained solely aggregate national account models
Only recently have some of these models been expanded
to the point that they actually contain sectoral details
which are endogenously determined *

Many of these models were developed or were improved
by commercial econometric modeling firms These firms

ZFor ar excellent description of the genealogy of maeroeco-
nomic model development in the Umted States, see (10}

have a vested interest in keeping their model specifica-
tions a “black box,” at least for anyone who 1s not a cus-
tomer This phenomenon, coupled with the general problem
of the extremely low priority of detaled documentation
for “others,” has made this type of equation-by-equation
review very difficult —until recently

The publication of The Models of Project LINK (20) has
made available the detalled model specifications for a
series of macroeconomic models Not only 1s the LINK
model an operating world model, but each country model
in LINK 1s also an autonomous operating model 1n the
country 1t represents These LINK models can give us
some 1dea how macroeconomic models 1n different coun-
tries have treated agriculture Wherever other models
were avallable, I have also reviewed them

Project LINK

Project LINK 1s a cooperative, mternational study group
that manages the development and operation of a world
macroeconomic mode! The Project LINK world model
consists of a set of individual country macroeconomie
models linked together through a world trade market-
share matrix For each country model, 1t 1s assumed that
export volumes and import prices are exogenous and that
import volumes and export prices are endogenous The
world trade market-share model component, through the
world trade 1dentities, determines that export volumes
and umport prices required for the solution of the indi-
vidual country models Thus, through the world trade
market-share component, the Project LINK model
becomes one large simultaneous world model (1. 16, 20)

Table 2 summarizes the Project LINK macroeconomic
models as they existed in the fall of 1973 (20) The appendix
summarizes the specific structural speafications of the indr-
vidual country models 1n the Project LINK model system

Most of the smaller Project LINK country models contain
no agricultural variables— Belgium, the Netherlands, Devel-
oping America, Developing South and East Asia, Develop-
ing Middle East plus Libya, and Developing Africa minus

Libya France has only one exogenous agricultural variable

Five of the country models — Austraha, Austria, Canada,
Japan, and the United Kingdom —contain endogenous agri-
cultural variables that become components of aggregate 1
national account variables, such as gross national product
(GNP) and/or total trade In none of these five cases is
there any feedback from the national account variables to
the agricultural components The specification 1s strictly a
recursive one

The Australian model determines gross nattonal farm
product, which becomes one component of GNP The Aus-
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Table 2—Comparison of agricultural with total variables in the Project LINK modeling system

Total model Agricultural component
A prion Total A prion Total
Country and Stochastie equa;tls.lons Exogenous Total and Stochastic equ:z)imns Exogenous Total
definitional | equations endogenous variables | varables | defimtional | equations endogenons variables | variables
equations variables equations ) varables
Number

Austraha 41 42 83 78 161 1 0 1 6 7
Austria 83 54 128 42 170 0 2 2 3 5

By’count! 83 45 128 47 175 - - — - —
Belgium 6 19 25 20 45 0 0 0 0 0
Canada 139 44 183 128 309 8 0 i1 15 46

By count! 169 45 214 146 350 — - - — —
Finland 84 60 144 67 211 8 13 21 7 28
France 13 19 32 29 61 0 0 0 1 1
West Germany 87 51 137 11 148 0 3 3 1 4

By count! 77 50 127 22 137 — - - - -
Italy 51 53 104 60 184' 0 1 1 3 4
Japan 35 43 78 41 119 1 3 4 2 6
Netherlands T4 13 87 84 151 0 0 0 0 0
Sweden 58 75 133 97 230 0 5 5 2 7
Umted Kingdom 120 106 226 135 361 0 3 3 2 5
United States 137 70 207 121 328 4 1 5 8 13
Developing America 1 11 12 6 18 0 0 0 0 0
DeveloEmg South

and East Asia 1 13 14 6 20 0 0 0 0 0
Developing Middle East

plus Libya 1 9 10 3 15 0 0 0 0 0
Developing Africa

mnus Libya 1 10 11 6 17 0 0 0 0 0
Project LINK system 932 691 1,613 914 2,528 22 31 56 50 106

By count! 952 683 1,835 950 2,671 - — - - -

- = Not applicable

!The summary of the Austrian, Canadian, and West German models i {20) pives a different number of equations and variables than are
observed from a detailed review of the variables and e_ﬁ:l;ahon hsts Both sets of numbers are reported 1n this table The aEncultural com-
3 1

ponent count for Canada also shows an inconsistency

appear 1n any of the reported equations

ee endogenous and four exogenous variables defined in the vanal

es list do not
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trian model endogenously determines agricultural import
quantities and export prices, which in turn help determine
the value of agricultural imports and exports These then
become components of total imports and exports Canada
has the second largest agricultural block in Project LINK
with 26 variables However, most equations are defini-
tional and are used to determine agricultural investment
and agriculiural labor income, which become components
of GNP Canadian exogenous wheat exports become one
component of total exports The Japanese model deter-
mines agricultural investment, which becomes a compo-
nent of total :nvestments, which.1n turn 1s used to est1-
mate GNP GNP 1s used to determine total consumption,
which helps determine food and feed imports Food and
feed imports then become one component of total Jap-
anese imports In the U K model, an agricultural contribu-
tion to tax receipts 1s estimated and aggregated with
others to obtain total tax receipts Tax receipts then
become part of GNP Agricutural imports also become one
component of total imports

In two of the above countries, Canada and Japan, addi-
tional agricultural variables are functions of aggregate
income variables These are component disaggregations
The specification 1s still a recursive one The only differ-
ence 15 that these equations must be solved after the
simultaneous solution of the national account variables
rather than before, that 15, they are post-sumultaneous
equations rather than pre simultaneous equations

Five of the country models —Finland, Italy, Sweden, the
United States, and West Germany — have agricultural var-
1ables that are integral parts of the simultaneous equation
blocks that determine the aggregate national account var-
1ables In these five country models, feedbacks exist
between agricultural and nonagricultural variables

In the U S, West German, and Itahan models, this feed-
back mechamsm works through the trade sector Food,
imports represent one component of total imports, which
helps to determine aggregate income, which in turn helps
directly or indirectly to determine food imports The US
mode! has a second feedback loop operating through the
farm mventory investmentitotal investment/GNP/inven-
tory deflator/farm inventory investment cycle The Finmsh
model's feedback mechanism works through a wages and
salaries block Wages help determine income, which deter-
mines total consumption, investment, and trade, which'
determines agricultural preduction and, therefore, agricul-
tural labor input requirements These in turn determine
agricultural wages, which become one component of wages
and salaries to complete the feedback loop The Swedish
model bulds the agricultural sector/national aceount feed-
back loop from the production side Total preduction helps
determine disposable income, which helps determine food

consumption, which helps determine food production,
which 1n turn 1s part of total production

Although the UK model as a separate model has no feed-
back loops between agricultural and national account
blocks, the situation changes when 1t becomes a part of
the Project LINK world model In the Project LINK sys-
tem, a feedback loop exists One determinant of agricul-
tural import prices 1s UK exports Agricultural import
prices help determme food imports and, therefore, total
imports and GNP 1n the Umted Kingdom Through the
Project LINK trade mechanism, the U K 's GNP affects
world trade patterns and, therefore, U K exports

A sumilar situation exists for Austria and Japan When
these two models become a part of the Project LINK
system, a feedback loop 1s created The loop 1n these coun-
tries 1s through world trade variables affecting domestic
income and, therefore, consumption, which helps deter-
mine these -countries' agricultural imports, which are a
component of these countries’ total imports

Even when the agricultural variable levels are simultane-
ously determined with the other variables, the specifications
of the agricultural sectors can be characterized as frag-
mentary Not enough of the agricultural sectors are speci-
fied to provide a reasonable view of agricultural behavior

Chase International Model

The Chase Econometric Associates, Inc (CEAI) interna-
tional model (8, 4, 5, 18) consists of linked macroeconomic
models for Canada, Japan, the Umited Kingdom, the
United States, Germany, France, Italy, Belgium, the
Netherlands, Spain, Mexico, and Brazil All these models
are small, aggregate national account models with no sec-
toral detall An outhne of the Brazlian model shows
exports by industry with traditional fish and agricultural
products separated into coffee, soya, and other products
However, the equation book and forecast mode] manual I
saw showed no disaggregation of Brazil's exports Recent
forecast reports do show separate agricultural and trade
forecasts for both Brazil and Mexieo, but they do not 1ndi-
cate whether these variables are endogenous or exogenous

Economic Models International Models

The Economic Models, Ltd , international models (7, 8) are
also relatively small, aggregate, national account, macro-
economic models that contain no agricultural variables
Countries modeled include Belgium, France, Germany,
Italy, the Netherlands, the United Kingdom, Japan, and
the Umted States This company was recently sold to
Data Resources, Inc Data Resources announced that these
models would serve as the basis for the expanded Data
Resources, Inc, international forecasting service



DRI International Models

T have not seen the detailed specifications of the Data
Resources, Ine (DRI} international models, however, 1
understand they are also small, aggregate, national
account models without agricultural variables

Evans Economics International Models

The Evans Economies, Inc, international models are also
relatively small, aggregate, national account, macroeco-
nomic models Countries modeled inelude Austraha, Bel-
mum, Canada, France, Italy, Japan, the Netherlands, Swit
zerland, the United Kingdom, and West Germany Only
the Canadian model contains any agricultural variables —
farm income and a producer price index for agriculture
Both are exogenous (6)

WEFA International Models

The Wharton Econometric Forecasting Associates, Inc
(WEFA) international models are relatively small, annual,
aggregate, national account, macroeconomic models (21)
Although I have not seen the equation books, I under
stand that all the national model specifications are simular
The closest thing to an agricultural vanable seems to be
the forecasts for exports and imports of primary goods A
prospectus indicates that models are operational for
Austria, Belgium, Denmark, Finland, France, Germany,
Greece, Iceland, Treland, Italy, the Netherlands, Norway,
Portugal, Spain, Sweden, Switzerland, the United Kingdom,
the USSR, Yugoslavia, Argentina, Brazil, Canada, the
United States, Iran, Saud: Arabia, South Africa, Turkey,
Austrahia, China, Japan, Korea, New Zealand, Tarwan, the
Developing Countries, and the Centrally Planned Econo-
mies WEFA staff say that they plan to disaggregate the
Developing Countries region into several medium-sized
macroeconomic models soon They indicate that these
models will be supply-oriented models and will include
both agricultural and nonagricultural production functions
WEFA indicates that a major goal 1s to keep the models
relatively small Therefore, they have no plans to incorpo-
rate agricultural sector detail into these models

Macroeconomic Models of the United States

Three of the major macroeconomic models of the Us
economy are those developed by CEAI DRI, and WEFA
The Mark III version of the WEFA model has already
been reviewed as the Project LINK U S model One eval-
uation of the models concluded that *  the WEFA model
1s the only one with a definable agricultural sector In
CEALI the agricultural sector 1s subsumed 1in the ‘all other
industries’ categories while 1n DRI, the only agricultural
variable endogenously determined 18 proprietors’ income,
estimated as a reduced form equation of preducer level
prices received and paid by farmers” (13, p 2)

Roop describes the WEFA model's agricultural sector 1n
the following manner

Since the Wharton model has an agricultural sec-
tor, the linkages to the remainder of the economy
are fairly well developed Output originating
from the agricultural sector gets combined with
outputs from other sectors to generate total sup-
ply — which 15 then reconciled with GNP calculated
from the demand side Similarly, the wage bill,
proprietors’ income, and mvestment 1n the agri-
cultural sector are added to those items from
other sectors to produce total wages, total i1nvest-
ment and total proprietors’ income (14, p 14)

Roop and Zeitner provide an equation-by-equation sum-
mary of the specification of the Wharton Mark IV agricul-
tural sector

Five behavioral equations 1n Mark IV describe
economic activity within the agricultural sector
Fixed nonresidential agricultural investment
(IAAG) 15 determined by the ratio of the implert
price deflator for agricultural output to the user
cost of capital, a distributed lag of past output,
and lagged value of the estimated error (Cochrane-
Orcutt techmque) Qutput originating in agricul-
ture (XAG) 15 determined by only one explantory
variable, personal consumption expenditure for
non-durable food and beverages The impheit
deflator associated with XAG (PXAG) 1s deter-
mined by prices received and prices paid, both
taken as exogenous Compensation per man-year
{(WRCAGS$) 1s determined by distributed lags of
three explanatory variables, the potential unem
ployment rate (CYWNRUT), the econsumer price
index (PC*), and the ratio of output to agricul-
tural employment {(XAG/NEHA} The ratio of pro-
prietary farm income (YENTF$) to the current
value of agricultural output 1s explained by the
ratio of prices received to prices paid (PFR* and
PFPC*, both exogenous variables)

The hinkages of the implied agricultural sector
with the rest of the economy are both direct and
indirect Farm investment and the change in
farm 1nventories (IBIF, considered exogenous) n real
terms are elements of aggregate investment
demand, a component of real gross national prod-
uct (GNP) Output originating in agriculture 1§
added to other industry outputs and reconciled
with the GNP After prices are computed, includ-
ing the imphicit deflator for agricultural output,
the current value of GNP 1s determined National
income, including proprietary farm income, 1s
caleulated by an identity relation that includes



the wage bill 1n agriculture Farm prices recelved
enter directly into the determination of the umt
value index of food exports (PTEEGDF) and the
change 1n the wholesale price index of crude
materials (PWPC*) In an indirect fashion, the
implicit seetor deflator (PXAG) enters into the
determination of most other impheit deflators
All the imphat deflators for the components of
aggregate demand are estimated as a ratio to
weighted averages of the industmal sector imphat
deflators. the weights having been derived from
a separate unput-output study Thus, a current
quarter increase in PXAG will enter into the
determination of most other prices in the same
quarter (15 p 117-18)

Each of these three firms has also constructed separate,
agricultural sector models that contain considerable com-
modity detail These firms contend that agriculture can be
more adequately handled via these separate modeling
efforts They say that although the models are separate,
the models could be.solved 1n an iterative fashion with
forecast values passed from one model to the other until a
consistent forecast 15 obtamned from both models Although
this approach would work 1n theory, I suspect these firms
seldom, 1f ever, operate their models 1n this manner In
fact, given the specifications Roop reported, there are so
few agricultural Linkage points 1n the macroeconomic

models that, even with this iterative procedure, httle feed-

back 1s possible
Conclusions

Agriculture 1s an 1mportant sector of the national econ
omy The general trend mn macroeconomic modeling tends
to be toward increasingly detailed models, and agriculture
18 a logical area of interest

The agricultural sector is generally ignored or 15 treated
exogenously by model builders When the sector 1s treated
endogenously. the speaification 18 far from satisfactory
from the viewpoint of an agricultural economist Agricul-
tural economists would criticize most endogenous agricul
tural sectors as being structurally misspecified andjor as
too small to provide relevant information about agricul
ture to agriculturalists Because of this, sinulation results
from agriculture/nonagriculture policy shocks have hittle
credibility, particularly with agricultural economists

Agnicultural economists look at agricultural 1ssues Per-
haps this has caused general economists to overlook the
agricultural block when incorperating sectoral detall into
their models Economists may have assumed that, as agri-
cultural economists were modeling the agricuitural sector
1n detail, they could treat agriculture as exogenous How
ever, as Subotmk (79) indicates, agricultural economists

are not incorporating this area of agriculture/nonagricul-
ture linkages 1nto their operational models either

Work i1n this area will soon run into methodological prob-
lems Macroeconomic models have been built with maero-
economic methods, whereas agricultural commodity models
have been built with microeconomic methods Maeroeco-
nomics starts from the viewpoint of aggregate economic
behavior and attempts to model this aggregate behavior
directly Microeconomics starts from the viewpoint of the
mdividual and attempts to explain why individuals behave
the way they do Market phenomena are explained by an
aggregation of individual behavior In one case, aggregate
agricultural sector behavior is arrived at through a
thought process involving aggregation In the other case,
1t 1s arrived at through a disaggregation process As they
start from different world views, these two processes may
not reach the same, or even compatible, positions Incorpo-
rating agriculture inte macroeconomic models may involve
using macreeconomic methods 1n the construction of the
agricultural component This may require focusing less on
supply/demand type commodity models and more on aggre-
gate farm account, production process, and agrieultural
consumption function models that can be integrated mto
the existing macroeconomic models more directly In fact,
the existing, detailed, microeconomie, supply demand agri-
cultural commodity models may be more easily linked to
macroeconomic agricultural components than to the exist-
ing, national account, macreeconomic models Conceivably,
the proper approach to developing feedback loops between
agriculture and the rest of the economy may best be
achieved indirectly Instead of directly knking macroeco-
nomie models to commodity models, 1t would be preferable
to link the models indirectly —that 1s, from macroeconomic
to macroeconomic agriculture to commodity models This
may prove the most fruitful approach to modeling this
agriculture/nonagriculture mnterface

No matter how this question s finally resolved, the first
prerequisite 1s for people to work on the problem The
economics profession (both general and agricultural) does
not yet have even that Given the increased interest,in,
and the importance of, agriculture, I should think the
return on work 1n this area would be quite high
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Appendix: A Summary of Project LINK
Country Model Agricultural Sectors

Austraha

There are seven agricultural variables in the Australian
medel Only one 1s endogenous, and 1t 15 a product of two
exogenous agrieultural vanables (when gross national
farm product 1s defined as gross national farm product at
1866 prices times the price deflator for gross farm na-
tional produet ) This madel 1s generally defined 1n terms
of national account variables by major sectors The exog
enous agricultural variables defined here provide one com-
ponent of a sum used to calculate aggregate national
account variables

Austrna

There are five agricultural variables in the Austrian
model All are included in the trade sector only Two are
endogenous —imports of SITC 0 + 1 goods and SITC 0 + 1
export price index Imports of SITC 0 + 1 goods are
specified as a function of private consumption of nondur-
ables, GNP of the agricultural sector, and lagged 1mports
of SITC O + 1 The SITC 0 + 1 export price index 1s a
function of time, the total demand price deflator, and the
lagged SITC 0 + 1 exporl price index relative to the total
demand price deflator These two endogenocus variables
are then combined with the exogenous SITC 0 + 1 import
price index and the exports of SITC 0 + 1 goods to define
one component of total imports and exports

Belgium

No agricultural variables are included m the Belgian model
Canada

There are 26 agricultural variables, 11 of which are endog
enous, 1n the Canadian model These include variables
dealing with agriculture, fishing, and/or trapping Of those
defined 1n the variables hst, four endogenous variables and
four exogenous variables are not hsted tn the model equa-
tions All endogenous agricultural variables are defini-
tional 1n nature * The agricultural variables are concen-
trated 1n the foreign trade, investment/capital stock,
employment, and production blocks The latter three
blocks feed the income block

3This definitional equation and variable are not listed in the
equation or in the variable hist, however, the variable 13 used 1n
another definitional equation

10f the four unexplained endogenous variables, three are defi-
nitional Employment tn agriculture, fishing, and trapping 1s
undefined
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Two exogenous agricultural vaniables 1n the foreign trade
block — wheat export quantities and wheat price—deter
mine the value of wheat exports Wheat exports then
become one component of total merchandise exports

The investment/capital stock block includes several exog-
enous agricultural investment components that are used
as compenents in calculating GNP These investment vari-
ables, along with tmitial capital stock levels, are used to
generate future capital stock levels and thereby the capital/
output and capital/labor ratios for agriculture

The employment block variables consist of exogenous agr1-
cultural wage rates and endogenous employment that
determine labor income 1n agriculture, which becomes one
component of total labor income

The production block consists of exogenous estimates of
real gross domestic agricultural product and the imphert
gross domestic product (GDP) price index for agriculture
which are used to calculate agricultural output, which 1n
turn affects corporate profits'and ultimately components
of national income (net national income ttself 1s based on
adjusted GNP)

‘Thus, agriculture in the Canadian model 1s essentially exog-
enous and is used to provide components of aggregate
variables, whereas the other sector components are endog-
enous There 18 no feedback from the nonagricultural sec
tors to the agricultural sector in this model

Finland

The production, employment, price, and income compo-
nents‘of the Finmish model have been disaggregated into
agriculture, noncompetitive industries, forestry, and
competittve industries sectors Of the 28 agriculturally
onented variables in the model, 18 (6 are exogenous) are
1n the agricultural sector and 10 {1 1s exogenous) are 1n
the forestry sector

The production-employment-price-income component of the
agricultural and forestry sectors are similarly defined
Each sector component is essentially driven by three vari-
ables —sector input prices, sector prices, and sector pro-
duction Sector prices are exogenous whereas sector input
prices are a function of raw material prices, fuel and lubri-
cant prices, and time Sector production ts a function of
total consumption, total investment, total exports, total
imports, inventory change, and time These varables
determine sector production at factor cost and then non-
wage income for the sector Prices and production in the
sector also generate labor inputs and wage rates in the
sector These n turn yield sector wages and salaries and
sector social security payments Each of these measures in
turn becomes a component of total wages and salanes,

total social security payments, total disposable imncome,
and GNP

France

The French model contains one exogenous agriculture var-
1able— employment 1n agriculture The percentage change
1n total employment 1s partly a function of the percentage
change 1n agricultural employment

Italy

There are four agricultural variables 1n the Italian model
Only the value of agricultural imports 1s endogenous
Agricultural imports are a function of the three exogenous
variables— the gross agricultural product, the wholesale
price index of agricultural products, and the umit value
index of agricultural imperts— plus private consumption,
the exchange rate, and quarterly dummies Agricultural
imports then become one component of total imports The
umt value index of agricultural imports becomes one com-
ponent of the import price index The wholesale price index
of agricultural products and gross agricultural product,
respectively, are used to derive a general index of con-
sumer prices and gross product in the services sector

Japan

The Japanese model contains six agricultural variables
Two are exogenous—real agricultural inventory invest-
ment and the impheit price deflator for agricultural inven
tory investment These variables.are used to determine
total nvestment, and then GNP, national income, and con-
sumption Consumption, in turn, determines real food and
feed imports, which then become a component of total
imports Employment, wages, and wages i agriculture
determine self-employment 1n agriculture, and then unem-
ployment as a residual The product of agricultural wages
and self-employment in agriculture also determine agricul-
tural income Self-employed nonagricultural income ts
calculated'as a residual The agricultural vanables are
used to provide disaggregated component forecasts, but
they do not provide feedback for determiming the aggre-
gate national account varables

Netherlands

There are no agricultural variables in the model for the
Netherlands

Sweden

The Swedish model contains five endogenous and two
exogenous agricultural variables ® The model's agricultural

5The Swedish model contains an additional 12 endogenous and
4 exc:jgenous variables 1n the wood and pulp, paper, and paper
board industries



bleck centers on the forecast of food consumption Food
consumption in turn 1s used to forecast food production,
food imports, and the SITC 2-4 category imports Food
consumption also provides one compaonent of total private
consumption and, therefore, GNP Food production then
determines sales of industrial products and raw materal
food inventories, and 1t provides one component of total
mining and manufacturing production Total inventory
stocks are determined partly by total mining and manufac
turing production, raw material food inventories, and
finished-goods food inventories {(which are a function of
total private consumption) Total mining and manufactur
ing preoduction affects disposable income, which 1n turn
affects food consumption The two exogenous variables,
controlled agricultura} prices and agricultural inputs to
the chemieal tndustry, respectively, help determine that
industry’s disposable income and 1ts sales of industrial
production

United Kingdom

There are three endogenous and two exogenous agricul-
tural variables in the UK model Agriculture enters the
model 1n two areas First, the eonsumption of nondurable
goods and the discretionary change 1n beer, wine, spirits,
and tobacco duties determine the level of duties on beer,
wine, spirits, and tobacco These 1n turn provide one com-
ponent of tax receipts Second, the exchange rate, world
export prices, and world exports of manufactures deter-
mne the unit value index for imports of feod, drink, and
tobacco This price variable (deflated), time, two strike
dummy variables, and a food import fluctuations dummy
variable are used to calculate the level of imports of food,
drink, and tobacco This import variable and the import
unit value mndex 1n turn become components of total
imports (both quantity and value)

United States

There are eight exogenous and five endogenous agricul-
tural varables in the US model Most of the agricultural
detail 1n this model 15 1n the investment sector Real farm
business inventory investment 1s defined as the change in
the exogenous farm inventory stock This becomes a com-
ponent of total real inventory investment and —along with
the exogenous implicit deflator for gross product origi-
nating 1n agriculture, forestry, and fish—defines current-
dollar, farm business inventory investment and then total
current-dollar inventory investment Real investment 1n
farm structures 1s exogenous Along with the imphet
deflator for fixed investment in farm residential strue
tures, it determines nominal farm residential structures
investment and then total residential investment The two
investment figures in turn help determine GNP GNP and
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the exogenous gross product onginating 1n agrieulture,
forestry, and fisheries define'gross product originating in
commercial and other industries This variable then helps
determine the nonfarm, residential structures, investment
deflator The ratio of the farm, residential structures,
investment deflator to the nonfarm, residential structures
investment deflator in period ¢ is the same as 1n 2 -1, thus
making the farm deflator a function of the nonfarm deflator

The exogenous agriculture, forestry, and fisheries
employee compensation 15 one component of total employee
compensation This, along with GNP, helps determne cor-
porate profits

Food imports are a function of disposable income, a dock
strike dummy variable, and three exogenous agricultural
variables —the food import price, the consumer food price
index, and a Brazilian coffee crop fallure dummy variable
Food imports and food import prices then become one
componeint of both real and nominal total imports, which
1n turn helps determine GNP

The agricultural sector of the US model can, therefore, be
seen as essentially exogenous to the overall model-structure

West Germany

There are four agricultural variables, three of which are
endogenous, 1n the West German model All are 1n the
trade sector Retail food prices determine the quantity of
agricultural imports, which 1n turn becomes one component
of total import quantities These import quantities, com-
bined with the exogenous agricultural import price; deter-
mine the value of agricultural and, therefore, total, imports

Developing America

There are no agricultural vamables 1n the Developing
America regional model

Developing South and East Asia

There are no agricultural variables in the Developing
South and East Asia regional model

Developing Middle East plus Libya

There are no agricultural variables in the Developing Mid-
dle East plus Libya regional model

Developing Africa less Libya

There are no agricultural variables in the Developing
Africa less Libya regional model



