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MODELING THE INTERFACE BEIWEEN 
AGRICULTURE AND THE GENERAL ECONOMY. 

Introduction 

Models of the U.S. farm business sector typically assume specific trends in the macroeconomy when 

projecting future agricultural outcomes. Implicit in the use of exogenized macroeconomic variables is the 

assumption that events taking place on U.S. farms and ranches do not affect the macroeconomy over the 

solution horizon. 

The assumed lack of annual interaction with the general economy in these partial equilibrium sector 

models is no doubt valid for certain analyses, such as projecting the impacts of relatively minor adjustments 

to federal farm program parameters over a short-term horizon. This assumption may not be valid, however, 

when projecting the impacts of major shocks to either the farm business sector or the general economy, 

particularly over a longer-term horizon. For example, restrictions on chemical use in crop production that 

lead to substantial reductions in crop yields and hence sharply higher commodity prices will likely have a 

significant impact on the level of ethanol production, the price of food, and the rate of inflation in the 

macroeconomy. The decade of the Eighties showed that farm financial stress can also have a major impact 

on government expenditures, both in the form of government payments to farmers as well as FDIC outlays 

caused by stress on many of the nation's rural banks. 

This paper presents an overview of the linkages between the farm business sector and the general 

economy that underlie the newly developed AG+GEM econometric model. Section II describes the sectoring 

of the AG+GEM econometric model, while section III presents the theoretical approach taken to modeling 

the general economy in the model. Section IV describes the major structural properties that capture activities 

iIi the farm business and farm household sectors. Finally, section V describes the broad set of macroeconomic 

and federal farm program policies that can be evaluated by the AG+GEM econometric model. and the annual 

reports that provide a basis for policy analysis. 
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Sectoring The AG+GEM Econometric Model 

Six different groups of transactors are specifically identified in the AG+GEM econometric model. 

These groups are: (1) farm operator families; (2) nonfarm households, which consists of non-operator 

landlord families, hired farm labor families, and other domestic consumers; (3) nonfarm businesses; (4) 

financial intermediaries; (5) government and (6) the rest-of-the-world sector. Farm operator families receive 

major attention in the AG+GEM econometric model; their business as well as household activities are 

endogenized. This transactor group produces farm products, owns a major share of farm business assets, 

consumes final products from other sectors, and is the residual claimant of farm profits. 

The second transactor group in the AG+GEM econometric model is nonfarm households, which 

captures the activities of nonoperator landlord families, hired farm labor families, and other domestic 

consumers. These households account for the majority of total final demand for goods produced in the 

domestic economy, own a major share of nonfarm business assets, and offer labor services in the farm and 

nonfarm labor markets in the domestic economy. 

Nonfarm businesses, the third transactor group in the AG+GEM econometric model, produce and 

supply manufactured farm inputs to farm businesses. These firms also supply all domestically-produced final 

consumer goods (including food and fiber), hire labor in nonfarm labor markets, and arrange for financing of 

their firms. 

The fourth transactor group consists of domestic financial intermediaries which facilitate the use of 

private savings to meet the demand for loan funds in the economy. The government sector, another transactor 

group, purchases farm and nonfarm goods, hires labor, implements monetary, fiscal, trade and farm program 

policies, collects taxes, makes transfer payments and finances budget deficits by selling bonds. 

The final transactor group is the ftrest-of-the-worldw sector, which imports goods purchased from U.S. 

nonfarm businesses in the final agricultural and nonagricultural products markets and exports intermediate 

goods to the U.S. nonfarm business sector. When the nonfarm business sector takes delivery of imported 

intermediate goods, it processes and distributes them in either the final agricultural or nonagricultural product 

markets. 
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Product nows 

Business activity in the AG+GEM econometric model is sectored along product lines. The flows of 

goods and services in the economy are represented by the solid lines in Figure 1. All resources used to produce 

raw agricultural products are included in the farm business sector regardless of where their ownership lies. 

The same approach has been taken in the nonfarm business sector which, among other functions, processes 

and distributes intermediate goods acquired from the farm business sector. The farm and nonfarm business 

sectors are directly linked (see Figure 1) through three sets of markets: (1) domestic raw agricultural products 

markets, (2) domestic manufactured farm inputs markets, and (3) farm input rental markets, where the services 

provided by assets leased by farm operators from nonfarm businesses and nonoperaior landlord families are. 

acquired. 

The farm and nonfarm business sectors are also linked through the farm real estate market, where 

nonfarm businesses purchase farmland for nonagricultural purposes from discontinuing proprietors. In 

addition to its linkages with the farm business sector, the nonfarm business sector is linked to a set of 

consumer groups through the markets for final agricultural and nonagricultural products and through a 

household asset rental market. 

Table 1 illustrates the general approach taken to disaggregating the product markets in the AG + GEM 

econometric model. While this table gives an indication of how different sectors interact in the economy, the 

goods markets in the AG+GEM econometric model are actually much more disaggregated than shown here. 

The model, for example; includes commodity-level detail for the major crop, livestock and livestock products 

produced in this country. Quantities of raw agricultural products are marketed to nonfarm bUSinesses by farm 

operator families and the Rrest-of-the-worldR group for further processing and distribution. The supply and 

demand equations suggested by Table 1 determine the quantities and relative prices required to calculate real 

GNP given the simultaneous solution for (1) interest rates in financial markets and (2) the general price level. 

Financial nows 

Seven specific types of financial instruments are captured in the AG+GEM econometric model. As 

shown in Table 2, demand deposits and time and savings deposits are assets held by farm operator families, 
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Table 1 Disaggregation of Product Markets in the AG +GEM Model. 

Good or 
service 

Primary 
Inputs: 

Land 

Labor 

Petroleum 

Secondary 
Inputs: 

Durable 
Farm Inputs 

Nondurable 
Farm Inputs 

Raw agricul-
tural products 

Final 
Products: 

Food 

Consumer 
Durables 

Other 

Farm 
Operator 
Families! 

D,S2 

D,S 

D 

D 

S 

D 

D 

D 

Nonfarm 
households 

D 

S 

D 

D 

D 

Nonfarm Financial 
Businesses Intermediaries 

D,S D 

D 

D 

D,S 

S 

D 

S 

S 

S 

1 Includes both farm business and farm household activities. 

2D and S represent demand and supply of g~ and services, respectively. 

Government 

D 

D 

D 

D 

Rest of 
the World 

S 

S 

D 

D 
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Table 2 Disaggregation of Financial Markets in the AG+GEM Model. 

Financial 
Instrument 

Bank 
deposits: 

Demand 
deposits 

Time 
deposits 

Bond 
market: 

Commercial 
bonds 

Government 
bonds 

Stock 
market: 

Equities 

Loans funds 
market: 

Farm loans: 

Real estate 

Non-real 
estate 

Nonfarm loans 

Farm 
Operator 
Families l 

D2 

D 

D 

D 

Nonfarm 
household!' 

D 

D 

D 

D 

D 

D 

Nonfarm Financial 
Businesses Intermediaries 

D S2 

D S 

D,S D 

D D 

S D 

S 

S 

D S 

lIncludes both farm business and farm household activities. 

2D and S represent demand and supply of financial instruments, respectively . 

Government 

S 

Rest of 
the World 

D 
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nonfarm households, nonfarm businesses and the -rest-of-the-world- group. These deposits also represent 

liabilities of financial intermediaries. Commercial bonds, bank loans and equities (stocks) finance the activities 

of nonfarm businesses. Government bond markets capture the financial implications of monetary and fiscal 

pOlicies. Farm and nonfarm loan funds markets are modeled separately. 

To better understand the need to endogenize these financial interfaces in modeling the farm business 

sector, let us examine the linkage between savers in the economy and the financing of farm business operating 

expenses and capital accumulation. The channels through which these funds flow are indicated by the dashed 

lines in Figure 1. For example, each of the domestic consumer groups and the -rest-of-the-worldw sector either 

invests funds in the bond and equity capital markets or places funds on deposit at commercial banks and other 

deposit-based financial intermediaries. These consumer groups also repay their existing loans and borrow new 

loan funds. One of the reasons nonoperator landlord families and farm operator families borrow is to 

supplement their internal equity capital when financing the purchase of farm business assets in either the 

manufactured farm input markets or the farm real estate market Merchants and dealers also provide debt 

financing to farm businesses who purchase manufactured farm inputs. A relatively small number of 

incorporated farm businesses also acquire external financing by selling debt and equity instruments in bond 

and equity capital markets as well as by borrowing directly from financial intermediaries. Some financial 

intermediaries, such as the Farm Credit System, obtain their new loanable funds by issuing debt instruments 

in the bond markets. The government sector, principally the Farmers Home Administration, also provides 

loan funds to farm businesses. The Farmers Home Administration, in turn, receives its loanable funds either 

directly from government appropriations financed by tax revenues or from the issuance of debt in the bond 

markets. Other items also flow through this and other selected linkages in Figure 1. Transfer payments and 

government loans to businesses and consumers as well as government tax receipts, all government securities 

transactions are also captured. 

Modeling the Macroeconomy 

The purpose of this section is to describe the scope and design of the macroeconomic component of 

( the AG+GEM econometric model. We will begin by explaining how the structure of the general economy 

" 
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in the AG+GEM econometric model differs from the standard textbook macroeconomic model. We will then 

discuss the sectoring of a multi-sector macroeconomic model and the conventions adopted in this study. 

Modifying a textbook model 

The standard textbook macroeconomic model typically accounts for the equilibrium in the nation's 

product markets (the IS curve), money market (the LM curve) and labor market (the aggregate supply or AS 

curve). Such a model can be stated in mathematical terms as follows: 

(1) 

(2) 

(3) 

YtlPt = c(YtIPt' rt , WtfPt} + t(y,/Pv rt) + ~ + ~ 

~IPt = l(YtJPt. TV WtIPt) 

(IS curve) 

(LM curve) 

(AS curve) 

where Y represents nominal gross national income, P is a measure of the overall price level (i.e., the 

numeraire), r is a real interest rate, W is the nominal value of wealth (which includes the capital stock (K), 

money (M) and government bonds (B», c represents real consumption expenditures, i represents real 

• investment expenditures, g is real government expenditures, xm represents real net exports, P is the rate of 

• change in the general price level, pe is the expected rate of change in the general price level, Y p represents 

potential output and the t subscript denotes period t.1 

Replacing the 1M curve 

At first glance, there appear to be three endogenous variables in this three-equation model (i.e., YJP, 

• 
rand P ). However, there are five variables imbedded in this simple model (~he three above plus the quantity 

and interest rate on government bonds), making the system incomplete. To define wealth, government bonds 

must be included. Yet, equations detailing the demand for and supply of these bonds are omitted in most 

standard textbook models. Instead, most authors implicitly use Walras Law and the government budget 

constraint to remove references to government bonds. 

IMany of the simplifying assumptions reflected in these equations are not embodied in the AG-GEM 
model. For example, the model does capture the tax rate effects on consumption and investment expenditures, 
and money is not assumed to be neutral in the short run. These simplifying assumptions were made here to 
facilitate the presentation. 
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A simplistic interpretation of Walras Law is that every dollar of income is used in some way. Thus, 

dollars not spent on consumption or taxes (savings) are used to increase wealth. This statement can be 

expressed algebraically in nominal terms as follows: 

(total savings) 

where S represents savings, A W is the change in wealth, AM is the change in base money, 4B is the change 

in the value of government bonds owned by the public and I represents nominal gross investment 2 Through 

algebraic manipulation, equation (4) can be solved to give· the residual demand for bonds as shown below: 

(change in government bonds) 

Tbe government budget constraint expressed in nominal terms states that the federal budget deficit 

must be financed either by ·printing money" or by issuing government bonds. This constraint is expressed as 

follows: 

(government budget coristraint) 

where G represents government expenditures and T represents tax revenues. Rearranging equation (6) to 

solve for the residual supply of bonds, we see that: 

(change in government bonds) 

which simply states that the supply of bonds is equal to the size of the budget deficit minus any change in base 

money. In most macroeconomic textbook models, equations similar to equations (5) and (7) are used as the 

basis for omitting explicit references to the quantity and interest rate on government bonds. 

The decision to exclude the bond market in standard textbook presentations is generally made for ease 

of exposition. Since the supply of money is one of the government's principal poli<.)' instruments, its inclusion 

in textbook models facilitates. the development of macroeconomic multipliers and the analysis of poli<.)' 

2rotal gross investment does not necessarily represent an increase in wealth since part of gross investment 
constitutes replacement investment Savings, however, must cover both replacement investment and any 
increases in the capital stock. 
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options. Patinkin argues, however, that the exclusion of the bond market is not necessarily a good choice in 

practice. He has shown that, while the choice of market to. exclude does not influence final market 

equilibriums, the choice does have implications for dynamics of the system. In his comparison of the dynamics 

of models including the money market with an LM curve versus models including the bond market with a BB 

curve, Patinkin concludes that the dynamiCS make more sense wben tbe bond market is included.s 

Given Patinkin's arguments, the bond market ratber than tbe money market is included in the 

AG+GEM model. Walras Law and the government budget constraint are used to residually solve for the 

demand and supply of money. Equations (5) and (7) thus must be respecified to solve for the change in 

money rather than the change in bonds. If we use these two new equations to eliminate the quantity of money 

(M) and the return on money (r), the LM Curve given by equation (2) can be replaced by: 

(8) (BB curve) 

Monetary policy in this model is transmitted through changes in government bonds held by the public. 

The Federal Reserve controls the growth in money by deciding how many government bonds to buy. This 

differs from models with an LM curve which requires the USer to assume how much to add to bank reserves.4 

Fiscal policy is reflected in this model by the level of government expenditures and tax rates. 

Respecifying the AS cu"e 

The aggregate supply (AS) curve preSented in equation (3) has been widely adopted in macroeconomic 

textbooks (see Gordon). It has many of the important properties deemed necessary in such a function. The 

SPatinkin's arguments relate to the direction of cbange in interest rates implied by the two curves whenever 
there is excess supply for both bonds and money. If there is excess supply in these two financial markets, there 
must be excess demand in the goods markets. Excess supply of bonds implies decreasing bond prices and 
higher interest rates. Excess supply of money implies declining interest rates. During a period of excess 
demand for goods, Patinkin argues that rising interest rates are more likely and thus inclusion of the bond 
market is more appropriate. A symmetric argument can be made for times when there is excess demand in 
both the bond and money markets. 

4Purchases of government bonds aCcount for only the nonborrowed reserves component of the monetary 
base. Two other exogenous variables are used - the discount rate and the level of currency - to control growth 
in other components of base money. The monetary base is then convened into maximum levels of deposits 
and bank loans based upon reserve requirements. These maximums help deterlnine interest rates charged and 
paid by financial intermediaries. 
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first term on the right-hand side of equation (3) can be interpreted as representing cost push inflationary 

pressures~ . Workers expecting a given inflation rate will bargain for increases in their wages .. Producers also 

expecting the same level of inflation will likely grant such wage requests. The second term in equation (3) 

reflects demand puU inflationary pressures. As actual GNP grows relative to the nation's potential GNP, 

inflation will increase. 

Equilibrium is achieved in the long run only when there are no surprises (i.e., when actual inflation 

equals expected inflation). This can only be true in equation (3) when actual GNP equals the nation's 

potential GNP. So, while equation (3) allows for a short term dynamic trade-off between inflation and the 

unemployment of labor and capital, long run equilibrium satisfies the classical requirement of full employment. 

Equation (3) cannot be estimated in its present form since reliable data on general price expectations 

are unavailable. Assumptions therefore must be made regarding the formation of inflationary expectations. 

One approach is to assume that the expected level of inflation is directly related to current and past rates of 

change in the money supply. In the AG+GEM econometric model, however, the elimination of the money 

market requires further substitution before estimation. Solving equation (7) for aM and partitioning the 

budget deficit from bond financing, the AS curve specified for the AG+GEM econometric model takes the 

form:s 

(revised AS curve) 

. . 
where 8m represents an m-period distributed lag and B is the growth rale for government bonds owned by 

the private sectors. Equations (1), (8) and (9) form the theoretical basis of the AG+GEM econometric 

model's macroeconomic structure. 

The AG+GEM econometric model, however, is a commodity-specifIC macroeconomic model. The 

model is still general equilibrium in nature, since it captures the interactions between transactor groups taking 

place annually in specific markets in a fully simultaneous fashion over the life of the simulation period. 

Changes in farm product prices, for example, show up in the (ood cOmponent of the Consumer Price Index 

'Separation of the deficit from bond financing in this equation is done to accommodate the fact that the 
government budget constraint is not an exact identity (see footnote 3). 
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(CPI) and the rate of inflation. The rate of inflation, in tum, affects real interest rates, and hence a broad 

range of variables, such as foreign exchange rates. 

The contribution of the individual transactor groups to the nation's output in the AG+GEM model 

can be seen by examining the calculation of the nation's GNP. Actual GNP expressed in constant dollars 

reflects expenditures by these groups summed over all products, or: 

DC me Di mi 

(10) Y = L 
i=1 

LC.kt + L Lijht + & 
k=1 j=1 h=1 . 

(multi-sectored IS curve) 

where y represents real GNP, Coli represents real consumption expenditures for the kth good by the ith 

transactor group, ijh represents real investment expenditures for the hth good by the jth transactor group, g 

represents total real government expenditures, nc represents the number of consumer groups, mc represents 

the number of consumer goods and services, ni represents the number of investor groups and mi represents 

the number of investor groups. In other words, the AG+GEM econometric model sums over the goods and 

services purchased by consumers (including foreigners), producers and government. Equation (10) above 

represents a disaggregation of equation (I), where the determinants of consumption and investment behavior 

by the individual transacto.r groups are discussed below. 

Product market disaggregation 

Demand and supply equations for COnsunier goods and services take the following general forms in the 

AG+GEM econometric model: 

where the market clearing equation takes the form: 

DC 

(13) L 
i=1 

qd _ qS 
ikt - kt 

(demand for consumer goods) 

(supply of consumer goods) 

(market equib"brium) 
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and where q~ represents the quantity of the jth good demanded by the ith group, 1\ is the own price of the 

kth good, '1 represents the total expenditures by the ith transactor group (whicbacts as a budget constraint), 

qt is the quantity of the kth good supplied;~po represents a vector of the prices of all other consumer goods, 

rb represents the real market interest rate, and ~Pu represents a vector of the prices of all the inputs used in 

the production of the kth good. 

Forcing equilibrium using the market clearing equation allows us to solve one of the demand or supply 

equations for the price of the kthgood. Consumption for each transactor group and for each good can be 

calculated based upon these prices and quantities and aggregated to determine total consumption, which 

represents the flTSt term in equation (10). 

The demand and supply equations for CIlpiJal goods in the AG+GEM econometric model take the 

following general forms: 

where the market clearing equation takes the form: 

ni 

(16) ~t = E (qJht + Djht) 
j=l 

(demand for producer capital) 

(supply of producer capital) 

(market equilibrium) 

and where qjh is the quantity of the hth capital good added to the capital stock of the jth group, Ph is the real 

price of the capital good, rb represents real market interest rate, ~Po is a vector of prices of all other capital 

goods, OJ represents expected output, t is the effective tax rate, ~-l is the lagged capital stock, ~Pu is a vector 

of the prices of all inputs used to produce the hthcapital good, and Djh is the depreciation of the hth capital 

stock owned by the jth group. 

Total investment expenditures in the hth capital good by the jth investor group is therefore given by 

the following general form: 

(gross private domestic investment) 
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(18) Djht = e(I qjht~i)· 
i=1 

14 

( capitaloonsumption) 

Thus, equations (14) through (18) solve for the price of capital goods, the net increase in capital stocks, 

depreciation and the quantity supplied for each capital good. Equation (17) summed across all goods for all 

transactor groups gives us gross private domestic investment, which represents the second term in both equation 

(1) and equation (10). 

The traditional determinants of investment - inoome and the interest rate - are included in equation 

(14), but with some extra detail. Income is represented by the prices and quantities of outputs. The interest 

rate is incorporated in an implicit rental cost of capital which also accounts for the price of capital, the method 

of financing and taxes (see Penson, Romain and Hughes). The lagged capital stock is included to reflect the 

base from which stock adjustments are made. 

The disaggregated demand and supply equations for consumer goods and services as well as capital 

goods provide a direct linkage between specific transactor groups through primary and seoondary input markets 

as well as final goods markets. Farm businesses, for example, create raw agricultural oommodities by using 

primary inputs such as land and labor' in combination with intermediate goods such as machinery and 

chemicals supplied by other transactor groups. Derived demand functions for inputs used in farm production 

as well as the supply of these inputs are included in the AG+GEM econometric model 

Financial market disaggregation 

Financial markets in the AG+GEM econometric model are disaggregated to capture the financial 

floWs between farm operator families and the rest of the economy and to determine the financial condition 

of this transactor group as indicated earlier in Table 2 Unlike the disaggregation of the product markets, 

however, expanding beyond the money market to account for government bonds is not sufficient With the 

exception of money and goveniment bonds, all financial assets cancel out . in the standard textbook 

macroeconomic model Once sectors are partitioned, however,' one must account for each sector's financial 

instruments, since the liabilities of one group are no longer canceled by the assets of another group. This 

expansion of the number of financial ,instruments is one of the principal differences between aggregate 
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macroeconomic analysis and standard microeconomic theory. Those who have an understanding of the 

standard textbook macroeconomic model may feel that many of the fiilancial asset equations appearing in a 

multi~sectored general equilibrium model are included on an ad hoc basis. Their inclusion, of course, is nol 

ad hoc. In microeconomic theory, the demands and supplies of financial instruments can bedeveloped using 

portfolio balancing theory (see Tobin, Penson). 

The general form of ihe demand equations for fiilancial instruments in the AG+GEM econometric 

model is described in the following equation: 

(demand for financial assets) 

where s.~ represents the demand for Ibe jth financial instrument by the ith sector, rj is the rate of return on 

the jth asset or interest rate on the jth liability, and cl»Spaj , cl»Sfaj and cl»Sd~ represent vectors of the stocks of 

physical assets, other financial assets (i.e., where k7l!:j) and other liabilities in the ith sector, respectively (Tobin, 

Penson). 

The rates of return (interest) on assets (liabilities) are determined within the AG+GEM econometric 

model according to the following general relationship: 

m 

(20) rjt = seE Snt ,cI»rot) 
i=l 

(supply of financial assets) 

where I~1 represents the total stock of the jth financial instrument demanded by all groups and cl»ro 

represents a vector of rates of return (interest) on other assets (liabilities) relevant to the supplying sector. 

The yields on government bonds, however, are influenced by the supply rather than demand, as this is where 

the Federal Reserve influences the money supply and market rates of interesL 

International trade linkages 

Allowances have been made in the AG+GEM econometric model for the linkages between the 

domestic and foreign economies. The existence of linkages through the supply of raw agricultural products, 

demands for food and nonfood consumer goods, and the purchase of government bonds by the Wrest-of-the-

worldR group was already identified in Tables 1 and 2 Rather than having an IS curve with net exports listed 
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as a separate item in calculating gross national product, the components of net exports have been identified 

and included as demands and supplies in individual markets (see equations (11) and (14». The real Federal 

Reserve trade-weighted exchange rate for the ten major U.S. trading partners is a function, in part, of real U.S. 

and foreign real interest rates. The net export demand for specific farm commodities is discussed in the 

following section. 

Modeling Farm Sector Activity 

The general forms of the demand and supply equations for consumer goods and services as well as 

producer capital goods in the AG+GEM econometric model were described in the previous section. The 

purpose of this section is to provide further insight to the farm business component of this econometric model. 

Some of these equations are behavioral in nature, reflecting events taking place in agriculture as well as the 

general economy. Others are definitional in nature; they sum together selected commodity level outcomes and 

compute net relationships. Farm commodity-specific components are presented in more detail below . 

Crop supply component 

The crop supply component of the AG+GEM econometric model is based on a set of supply 

equations for each of the U.S. Department of Agriculture's ten farm production regions. Crops included in 

the model are com, grain sorghum, barley, oats, wheat, soybeans, cotton and hay, with cultivated summer 

fallow treated as another land use in semi-arid regions. Acreage idled under government programs is also 

treated as a competing land use in the model. 

The regional crop supply component is comprised of a set of econometric equations which include: 

(1) the total cropland in the region for crops endogenous to the model, including cultivated summer fallow 

and land idled under government programs; (2) a set of share equations that give the fraction of the total 

acreage devoted to individual crops, to summer fallow, or idled under government programs; (3) yield· 

equations for each crop that depends on input and crop prices, time, and (in some instances) the acreage 

harvested and acreage fallowed the previous year; (4) a machinery power index equation that reflects the use 

of non-land capital; (5) a set of equations for the participation rate in farm programs for individual crops; and 
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(6) identities for per-acre return expectatiOns. 

Specification of the total acreage equation in the AG+GEM econometric model takes the following 

general form: 

(total acreage) 

where ~ is total acreage (planted + idled + fallowed) in region r; P ARTr is the weighted average 

participation rate for program crops; and S~ is the weighted average set-aside rate for program crops. 

Individual crop acreage response was modeled by a set of equations that allocate the total acreage to 

individual crops on the basis of expected returns for individual crops, to cultivated summer fallow, or to land 

idled under government programs. Land allocation is made on the basis of expected returns for individual 

crops, farm program variables, and other factors. This set of equations can be denoted in general terms as 

follows: 

(acreage share equations) 

where au. is the fraction (or share) of the total acreage, ~,devoted to crop i, to summer fallow, or idled in 

region r; and Zu. is a set of explanatory variables. A zero-one constraint on the range of values for air takes 

the form: 

(23) 0 ~ airt; ~ 1 for all i, r, and t (zero-one restriction) 

which is constrained by the adding-up restriction that: 

(24) ~ ajrt; = 1. (adding up restriction) 
I 

The mathematical form selected for the share equations in the AG+GEM econometric model takes 

the following exponential form: 

(25) ajrt;= 1 - EXPtftiro + ~ Pijrt;Rjrt; + Yout'ir.t-l + Ylu-edPjrt; 
: J 

+ Y2irPart~ajrt; + Ejrt;} (share equations) 
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where edPir is the per-acre effective diversion (not set-aside) payment rate, partir is the participation rate, and 

sa. is the set-aside rate for crop i in region r. Equations for the fraction of the total acreage in cultivated 
~ . , 

summer fallow and equations for the fraction of the total acreage idled under government programs were 

specified to have the same form as equation (25). However, returns and government program variables were 

weighted averages over all crops rather than. individual crop variables. 

The exponential forin imposes an upper limit of one on the fraction of the acreage devoted to an 

individual crop, but does not impose a lower limit of zero nor necessarily satisfy the adding-up restriction in 

equation (25). However, the form is appealing because the dependent variable can be transformed to result 

in equations that are linear in parameters if Z is linear. The transformed equation is, 

(26) Wirt; =-log(1 - ajrt;) = PirO + ~ Pjrt;Rjrt; + YOillir.~-l 
J 

+ Y 1 edPirt; + Y 2partjrt;saj rt; + Ejrt; (transformed share equations) 

The set of all equationS for all crops, summer fallow, and idled acreage in each region was estimated by the 

seeming-related estimator to account for plausible correlation of the errors, Eir' 

Expected per-acre. returns for program crops was defined to be the maximum of lagged regional 

market price and target price (assuming full deficiency payments) times expected per-acre yield minus variable 

production costs. Individual crop acreage equations were specified to depend on expected per-acre returns 

over variable costs for the own-crop and major competing crops in· that region, while the total acreage 

equation was specified to depend on per-acre returns over non-land fixed and variable costs. FIXed costs were 

considered in the total acreage equation but not· in the individual crop acreage equations because they 

influence long-run acreage expansion or contraction decisions, but should not influence annual decisions about 

what fraction of an existing cropland b.ase to plant to individual crops. Expect3tions of returns over variable 

costs for a specific crop at the regional level in the AG+OEM econometric model are given by: 

(27) (per-acre return expectations) 

where Ru is expected per~cre returns over variables costs for the ith crop in the rth region, TPir is the target 

A . 

price for that crop, Y ir is expected yield~ and VC~ is the variable cost of producing that crop. 
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Yield equations in the AG+GEM econometric model were specified to be a function of the ratio of 

an input price index to the maximum of the lagged market price and the target price. A chemical price index 

was used for cotton and soybeans, and a fertilizer price index was used for the other crops in the model. The 

general functional form used is as follows: 

(28) (yield equations) 

where PF is the input price index previously referenced. This functional form is consistent with a quadratic 

production function, but because of potential aggregation biases the regional yield equations should be 

interpreted only as an aggregate behavioral relationship. 

Regionai participation in government farm programs was endogenized into the econometric model 

and thus the simulation model with a set of equations that show the participation rate as a function of 

economic and program variables. This set of equations was specified to take the following form: 

(29) partirl = 1 - EXP { -(co + c1 RMirl 

+ c2RTPirl(1 - sairl) + c3edPirl)} (participation rate equations) 

where partir is the participation rate in the program for crop i in region r, RMu is expected returns based on 

lagged market price; TRPiris expected returns based on target price; ~ is set-aside rate; and edPir is effective 

diversion payment rate. Returns based on target price reduced for the set-aside requirement is a parsimonious 

way of shOwing the impacts of both target price and set-aside requirements on participation, and as such is 

conceptually similar to the notion of an effective support price proposed by Houck and Subotnik. 

Crop demand component 

Commodities included in the crop demand sector are com, grain sorghum, barley, oats, wheat, 

soybeans, cotton lint and cottonseed, hay, and cottonseed and soybean meal and oil. Crop demand was further 

broken down into seed use, food, fiber or crushing use, feed use, net export and ending stocks categories. The 

following discussion will highlight Specification of these model components, especially as they relate to 

endogenous variables in the AG+GEM econometric model. Selected econometric equations include 
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additional explanatory variables (that are too numerous to mention in this article) to explain historical shifts 

in demand. All demand functions were specified to be homogeneous of degree zero in real prices and income. 

Food demand for corn, sorghum, barley, oats, and wheat was specified to be of the form: 

(food demand) 

where QFOj is the per-capita domestic food demand for the ith commodity (corn, sorghum, barley, oats, wheat, 

cottonseed oil and soybean oil), Pj is price of the jth commodity, and YFO is per-capita expenditures on food. 

Symmetry of cross-price effects was imposed on the system of food demand equations given by equation (30).6 

Domestic livestock feed demand was specified to be proportional to endogenous animal units (grain, 

roughage or protein consuming animal units, depending on feed type), and exponentionally related to feed 

price: 

(feed demand) 

where QFEj is the quantity of feed type i (corn, sorghum, barley, oats, wheat, hay, cottonseed meal and 

soybean meal) consumed, and AU is (grain, roughage or protein) consuming animal units. Animal units were 

endogenously computed from livestock numbers and production; therefore, feed demands depend on livestock 

as well as crop prices in the model. 

Stocks of nonperishable agricultural commodities were treated conceptually the same as other 

components of demand; namely, stocks were Specified to depend on prices because firms hold stocks for 

speculative purposes as well as for pipeline inventories. Econometric specification of the stock equations 

allowed for the influence of farm programs on stocks, but under the 1985 Food Security Act, the loan rate for 

program crops (i.e. feed grains, wheat, soybeans and cotton lint) does not establish a floor on market price. 

Under the current farm program, total stocks were specified to depend on market price and beginning stocks: 

(stOCk holding behavior) 

6See Taylor for additional discussion of symmetry. 



ilia! . 
\ 
'. 

21 

where QSi is total (Government plus private) stocks of the iih commodity. 

Domestic oilseed (cottonseed and soybeans) crushing demand was specified to depend on the raw 

material price and on the prices of oil and meal: 

(oilseed crushing demand) 

where Pi is raw material price, POi is the price of oil, and p~ is the price of meal (i = soybeans, cottonseed). 

The crop-specific international component of AG+GEM is modeled by a set of equations for: (a) 

production of agricultural commodities in the rest of the world as related to world price and relevant exchange 

rates; (b) world prices as related to domestic prices and exchange rates; and (c) net export demand (for the 

United States) as related to domestic prices, exchange rates, and production of that crop in the rest of the 

world. Rest-of-world production is specified as follows: 

(rest-of-world production) 

where CPi is the weighted price (in U.S. dollars) of the ith commodity in major competing countries, and 

cxratei is the crop specific real weighted exchange rate for competing countries. The weighted price in 

competing countries is related to the domestic price in the AG+GEM econometric model as follows: 

(rest-of-world price) 

where Pi is the domestic price of the ith commodity. 

Net export demand for commodities produced in the United States is specified in the AG+GEM 

econometric model as follows: 

(net export demand) 

where xratei is the crop-specific real weighted exchange for countries which import the iih commodity produced 

in the U.S. Symmetry was imposed for the non-zero cross-price effects in equation (36). 

The Specification of the international agricultural sector and the net export demand for U.S. 

agricultural products given by equations (34), (35) and (36) shows how foreign producers react to world prices, 
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how the domestic share of world exports react to foreign production, and how foreign consumers react to 

domestic prices expressed in terrns of their own currency. Commodity trade-weighted exchange rate indices 

are also endogenized in the AG+GEM econometric model, reflecting trends, in part, in the Federal Reserve's 

trade-weighted exchange rate index discussed previously. 

Finally, seed demand in the AG+GEM econometric model was assumed proportional to crop acreage, 

or: 

(37) QSDit = ai~t (seed demand) 

where QSDi is the quantity of seed used for the ith crop, and ~ is the total planted acreage of the ith crop. 

Uvestock component 

The livestock component of the AG+GEM econometric model is comprised of national-level 

production and inverse demand equations for beef, veal, milk, pork and chickens. Prices at the farm and retail 

level are endogenized with a system of margin or farm price relationships . 

• j 
\. The livestock component is linked to the crop component of the AG+GEM econometric model 

because feed costs are an explanatory variable in specific livestock supply equations. Funhermore, the crop 

component is linked to the livestock model because animal units are explanatory variables in the domestic feed 

demand equations. A detailed specification of the livestock component of the AG+GEM econometric model 

is given by Peel and Taylor. 

Agricultural commodity prices 

The AG+GEM econometric model is solved by numerically finding the set of prices that 

simultaneously clear all markets. In the crop and livestock components, aggregate supply, which is largely 

predetermined in a given year, is equated with aggregate demand when determining the set of national average 

crop and livestock market prices. The set of crop and livestock prices that simultaneously clear all crop and 

all livestock markets is obtained in each year over the simulation period. Numerical solution is required 

because the demand functions and supply functions related to current prices are highly nonlinear and cannot 

the algebraically obtained. 
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Farm capital expenditures 

The desired stock of specific categories of durable capital goods in agriculture (i.e., tractors, trucks, 

autos, other machinery, real estate improvements and breeding livestock) adopted in the AG+GEM 

econometric model are given by: 

(38) (desired stock of durable agricultural goods) 

where {3j is the partial prO<1uction elasticity associated with the jth input, pX· is the expected revenue generated 

by another unit of capital and Cj • is the expected implicit rental price of the jth capital good. The desired 

expansion of the jth durable capital good in period t would therefore be given by: 

(39) (desired expansion of capital goods) 

Penson, Romain and Hughes define the implicit rental price of capital adopted in the AG+GEM 

econometric model as follows: 

where: 

00 

(41) Fj = lhji(1 + p r i, 

i=1 

00 

(42) 1/(1 - Fj ) = 1 + l (oRj /oK)(1 + prt , 
t=1 

00 

(43) 5/(5 + p) = U(1 - 5)t-l(1 + p rt, 
t=1 

(implicit rental price) 

and where r is the real rate of interest on debt capital, p is the real after-tax opportunity rate of return on 

equity capital desired by farmers, qj is the real price paid for the jth capital good at the retail level, a is the 

proportion of the investment financed with equity capital, ic is the investment tax credit rate, Rjt represents 

the real level of replacement investment required in period t, in- is the income tax rate, I) represents the tax 

depreciation rate given by 2/n where n is the service life of the tractor, Z represents the value of the periodic 



24 

loan payment (principal plus interest),. is the fraction of the purchase price financed with debt capital (i.e., 

• = 1 - a), Fj is the present. value of the stream of capacity depreciation associated with the jth capital good, 

and hjj is the fraction of the tractor's original productive capacity lost in the ith year of its service life. 

Equation (40) suggests that the implicit rental price of tractors will increase if their purchase price, 

the cost of debt and equity capital, capacity depreciation, or income tax rates increase. These effects will be 

offset to some extent by an increase in the investment tax credit rate and the deductibility of tax depreciation 

allowances and interest payments. The implicit rental price of tractors presented in equation (40) is a sharp 

contrast to the measures of the marginal factor cost specified in previous studies. 

Farm production expenses 

The demand equations for nondurable capital goods used to produce crops and livestock in the 

AG+GEM econometric model take much the same form adopted for durable capital goods expressed in 

equation (40). The major difference is in the specification of the implicit cost of durable versus nondurable 

capital goods. Several of the terms in equation (40) "drop out" of the implicit cost of nondurable goods 

adopted in the AG+GEM econometric model, including the present value of the stream of capacity 

depreciation (Fj ) and the tax depreciation rate (15). 

Other significant features of equations addressing farm production expenses in the AG+GEM 

econometric model include the means by which interest expenses and depreciation are modeled. Interest 

expenses are modeled by accounting for both the average interest rates on real estate and non-real estate farm 

loans and the levels of these categories of farm debt outstanding. This requires an explicit modeling of the 

demand for farm debt capital. The demand and supply of farm debt capital is usually omitted in agricultural 

sector models. Depreciation expenses are modeled in the AG+GEM econometric model by accounting for 

stocks of durable capital goods, which is given in general form by a transformation of equation (38), as well 

as tax depreciation rates. 

Net farm income 

The most closely watched statistic projected by the AG+GEM econometric model is net farm income, 

which is found by subtracting farm production expenses from gross farm income. Gross farm income is 



25 

determined by totaling cash receipts for the individual crop and livestock commodities as well as other sources 

of income, including direct government payments associated with program crops and livestock. While not 

included in net farm income, the AG+GEM econometric model also captures off-farm income of farm 

operator families as well as farm household expenditures. 

Balance sheet entries 

In addition to modeling the income statement for the farm business sector as well as farm household 

income, the AG+GEM econometric model captures the factors influencing the values of physical assets on 

farms and the financial assets of farm businesses and households. The model also captures farm debt 

outstanding owed by farm operator families and nonoperator landlords. The demands for financial assets and 

farm debt by farm operator families are modeled based upon the general form expressed in equation (19). 

Stocks of durable capital goods on farms are influenced by capital expenditures, which were captured in 

equation (38). Farm business and nonoperator landlord demand for farm land and farm real estate prices 

specified by Hughes, Penson and Bednarz are adopted in the AG+GEM econometric model. The optimal 

quantity of a durable input such as land can be expressed in the following form: 

(44) (optimal level of durable inputs) 

where Kn FOF* is the optimal quantity of land owned by farmers, f3 is the partial elasticity of production for . 
land, REFOF is expected gross revenues from farm production, P n is the price of farm land, and C is the 

non price implicit rental cost of land, an adjusted marginal factor cost. Interest rates on debt enter into the 

demand for land through the rental cost (Cn). a complex function much like equation (40) where the cost of 

using a capital input was related to the price of the item, the required return on equity, the item's physical 

depreciation, income taxes, property taxes, debt financing decisions, and the interest rate on debt. 

The nonprice implicit rental cost reflects all of these factors, except the price of the item. Since land 

does not depreciate and is not subject to investment tax credit, its nonprice implicit rental cost is Significantly 

simplified in the AG+GEM econometric model as follows: 
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[1 - « + (1 - i1T)cxU + «V] 
(45) en == p --------- (nonprice implicit rental cost) 

where p is the required return on equity, a is the fraction of land purchased using debt financing, ~ is the tax 

rate on profits, U is the present value of the real interest payments on a loan of one dollar, and V is the 

. present value of the real principal payments on a one dollar loan. Both U and V are discounted using the 

investor's required return on equity. The discounted present value of the loan, therefore, need not be equal 

to its starting principal balance. 

Nonoperator landlord demand for land is assumed to be made on the basis of their desires to balance 

portfolios of assets and liabilities (fobin, Penson). This means that their demand function can be expressed 

as follows: 

(46) (landlord demand for land) 

where Kn Nod stands for the amount of farm land demanded, rland is the total return on land ownership, . 
SOPANOL is a vector of other physical assets owned, SFANOL is a vector of the stocks of debt owed by 

nonoperator landlords and Y NOL represents their current income. 

Farm operator families, in addition to wanting land for production purposes, may also desire land as 

part of their portfolios. The demand for land by farmers in the AG+GEM econometric model is, therefore, 

a combination of equations (44) and (46), or: 

(47) (farmers' demand for land) 

Farmers' demands for other assets and debt are also simultaneously accounted for by the AG+GEM 

econometric model as discussed earlier. 

The total supply of farm land is not fixed. Price increases for land can lead to land improvements, 

while price declines can lead to removal of farm land for other uses. It can be expected, therefore, that the 

supply of farm land in the United States has a small positive slope. 

To complete the specification of the farm land equatiOns, a supply function and a market clearing 
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equation are needed. The supply of farm land is given by: 

(supply of farm land) 

where Kn. is the supply of farm land, P fl is the price of farm land, P1ab is the wage rate for labor and Pbuild 

is the price of buildings; P1ab and Pbuild reflect the costs of transforming farm land to other uses or improving 

the quality of the land. The market clearing equation is therefore given by: 

(49) Krl: = Kn.FOF~ + Kn.Nod . (market clearing land price) 

The farmland market in the AG+GEM econometric model is therefore captured by equations (44), (46), (47), 
/ 

(48), and (49). 

Because farmers purchase most of the farm land sold in the United States each year, it seems 

reasonable that the principal factors used in explaining changes in the price of farm land are those describing 

the economic conditions of farmers. Equation (48) was, therefore, solved for the price of farm land. Price 

thus became a function of the returns to farming, the nonprice components of the implicit rental cost of land, 

and the per unit costs of real estate improvements. 

Remarks on the Model and Software 

The AG+GEM econometric model was developed as self-contained FORTRAN code that can be run 

on a portable 386-based PC. Operation of this model is facilitated by its menu-driven programming. The user 

designs the nature of the run to be made by responding to a series of menu options. A run of the model 

based upon the user's assumptions of what farm program policies, macroeconomic policies and other 

exogenous variables will "most likely" be over the life of the solution horizon is referred to as a baseline run, 

and comes as close as we come to forecasting. A baseline run and a run reflecting the effects of an aiJernative 

policy can be completed in less than five minutes, thereby allowing the user to provide estimates of the effects 

that an alternative policy would have to policy makers within a very short time span. These alternative poliq 

runs may focus on the characteristics of a wide variety of policy options associated with farm program policies, 

macroeconomic policies, or environmental regulations. 
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A fairly exhaustive menu of farm policy alternaiives for which the AG+GEM econometric model is 

suitable for include: (1) changes in target prices and/or loan rates, (2) an exogenous or endogenous 

determination of set-aside rates under the Acreage Reduction Program, (3) a soybean marketing loan, (4) 

changes in paid land diversion rates, (5) changes in Conservation Reserve Program acreage, (6) an endogenous 

or exogenous determination of farmer participation in the farm program, (7) the use of grain to produce 

ethanol, (8) changes in technology (introducing new technology or removing old technology such as a pesticide 

ban) as reflected in per-acre crop yields and variable production costs, (9) crop yield deviates to simulate 

consequences of a particular weather pattern in combination with a particular policy, and (10) the adoption 

of dairy growth hormones. Among the broad list of macroeconomic policy options that can be evaluated with 

this model are: (1) changes in Federal Reserve discount rates, reserve requirement ratios and holdings of 

government bonds, and (2) changes in personal and business income tax rates, depreciation allowance rates 

and other fiscal policies. 

Reports Provided by AG+GEM 

The AG+GEM econometric model described in general terms in this paper projects both economy-

wide outcomes as well as ~or-Ievel outcomes. Not surprisingly, therefore, the AG+GEM model provides 

a broad series of reports that reflect economy-wide aggregates as well as sector-level details. The various 

reports generated by the model if requested include: 

• 
• 
• 
• 
• 
• 
• 
• 

Nominal and real GNP, including its major components 

Nominal and real federal budgetary information on tax revenue, government expenditures and 
the budget deficit 

Nominal and real interest rates on a broad range of debt and equity financial instruments 

Implicit GNP price deflator and the components of the CPI, including food 

Balance sheets for farm businesses, farm operator families, nonfarm households, nonfarm 
businesses and financial intermediaries 

Regional crop production statistics, including acres devoted to major crops, current 
production levelS and carryover stocks 

National commodity balance sheets for major crollS, which include information on carrying 
stocks, production, and imports as well as domesuc use, exports and carryout stocks 

Commodity prices received, prices paid for specific production inputs and farm interest rates 
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Detailed farm income statement which reports comp<?nents of gross farm income and total 
production expenses as well as nominal and real net farm income . 

• Changes in economic surpluses computed from a policy run compared to a baseline run 
of the model . 

• Detailed breakdown of government costs associated with farm programs 

Selected output is automatically written to DOS files, which can then be printed. A screen graphics interface 

allows the user to quickly view the time paths of many of the endogenous variables. 

Concluding Remarks 

Interdependencies within the agricultural sector and between the agricultural sector and the rest of 

the United States and world economy are highly complex. The AG+GEM econometric model represents a 

large-scale effort to model this complexity in a way that will be useful in analyzing the aggregate economic 

consequences of a wide variety of agricultural and macroeconomic policies. In addition to providing 

quantitative results, models of this type can provide qualitative results that assist policy in thinking through 

the complex interdependencies and paradoxical effects. Currently available microcomputer hardware and 

software now allow us to provide policy impact information to decision makers in a timely way, often in a 

matter of minutes, rather than after decisions have already been made. 
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