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GENERAL EQUILIBRIUM ANALYSIS OF FLORIDA 
AGRICULTURAL EXPORTS TO CUBA

Michael O’Connell

The Trade Sanctions Reform and Export Enhance-
ment Act of 2000 liberalized the export policy of the
United States with regard to the shipment of food
and medical commodities to Cuba. As with any
changes in trade policy, an important question is the
estimation of the resulting economic impact of gov-
ernmental action. Such an economic impact study ti-
tled “Economic Impacts of U.S. Agricultural Exports
to Cuba” was conducted by Parr Rosson and Flynn
Adcock in 2001 at the Center for North American
Studies at Texas A&M University. They measured
the change in economic activity at a state level using
an input-output model. This study’s data and meth-
odology will serve as the basis for a general equilibri-
um analysis of the reduction in trade restriction with
Cuba.

An input-output model represents the interrelation-
ships between industrial sectors in an economy in
terms of the sector’s purchases of intermediate goods
and services from and sales to each other. These pur-
chases of inputs to the production process by indus-
tries include the acquisition of labor from the house-
hold sector. The input-output model includes final
demand purchases of the produced output. The
model can be used to predict the total impact to the
economy from changes in final demand. 

Exports are a component of final demand and the
Rosson and Adcock study postulates three alternative
levels of growth in exports to Cuba: low, moderate,
and high expansion in agricultural trade. The trade
scenarios and state shares of exports were based on
forecasts and production statistics compiled from

various government and industry studies. They esti-
mated the economic impacts for 22 commodity types
in 50 states. Cuban agricultural imports include fer-
tilizer, insecticides, grains and grain products, wheat,
rice, oilseed, beans, protein meal, vegetable oil, poul-
try meat, processed foods and forest products.

The IMPLAN input-output (IO) modeling software
has been used here to estimate the economic impacts
of increased trade with Cuba. It includes the inter-in-
dustry commodity flows, purchases of imports, value
added, and sales to final demand consumers for those
U.S. states that trade with Cuba. The export sector of
final demand drives the model. Purchases for final
use instigate a multiplier process as producing indus-
tries purchase goods and services from other indus-
tries which one after another purchase from other in-
dustries. The increased income from the sale of
factors of production also contributes to the overall
state impact.

An input-output representation of the economy fo-
cuses exclusively on the demand side of the market
systems. It assumes that prices are fixed and that the
production technology is described by fixed propor-
tioned inputs. Thus, the model neither incorporates
substitution between inputs nor does it acknowledge
any supply or capacity constraints. However, the ba-
sic framework of the input-output model can be inte-
grated into a more comprehensive representation of
the economy called a social accounting matrix
(SAM). Besides the IO interindustry linkages, a SAM
accounts for all the transactions in the economy.
There are certain transactions that do not involve the
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exchange of goods and services for money such as tax
payments and receipts of transfers. A SAM is bal-
anced in the sense that income (rows) equals expen-
ditures (columns). A SAM is the foundation upon
which a general equilibrium model is built. 

A SAM for the state of Florida is presented in Appen-
dix A. The table at the first column section is equiva-
lent to the transaction matrix of an input-output
model and is called the use matrix. The next matrix
below the use matrix represents the factor inputs into
the production process and below it are the tax re-
ceipts paid to the government sector. This particular
formulation of the SAM is import laden, which
means that imports are combined with domestic use.
Since the export sector is the focus of this study, such
a formulation simplifies the equations of the model.

At the top of the next column section is the make
matrix, which represents the production of the in-
dustrial sectors. In IMPLAN, the institutions, house-
holds, government, enterprises (businesses), invest-
ment (capital), and inventory, also produce output.
All institutional output except government has been
included in the final demand matrix. The third col-
umn section shows the distribution of factor income
to institutions and the net import of factors. The
fourth column section contains the final demand ma-
trix and the inter-institutional transfers. The last col-
umn section is the export of the industry sectors, fac-
tors, and institutions. 

General equilibrium analysis is an established meth-
od for the evaluation of the efficiency and equity of
public policy options. Its use of actual economic data
and ability to describe the various interrelationships
and interactions between a variety of markets, sec-
tors, and economic agents make it the best tool for
examining the primary and subsequent responses to a
change in policy. Partial equilibrium analysis corre-
sponds to a single market. A partial equilibrium
model examines the effect that one variable has on
another variable by employing the ceteris paribus (all
other things equal) assumption. A general equilibri-
um model includes multiple markets and sectors
with expanded possibilities for actions and reactions.
Feedback and spillover effects between different mar-
kets and sectors of the economy can also be explored. 

The equilibrium model is composed of market ex-
changes and transactions between economic agents
such as institutions as households, firms, govern-
ment, capital, and the foreign sectors. Each product
and factor market is characterized by a demand equa-
tion, a supply equation, and a market clearing condi-
tion such that prices adjust to equilibrate the demand
for each commodity or factor with its supply. Anoth-
er way of saying this it that excess demand is zero. 

Each agent is defined by an income and expenditure
equation or macro closure condition. The household
income definition states that income equals factor
price times labor and capital endowments plus inter-
institutional transfers. The income equation for the
firms in a constant-return-to-scale production tech-
nology takes the form of a zero profit condition
where the value of output is exhausted by the cost of
production. Households and firms display con-
strained optimizing behavior from which the product
and factor market supply and demand functions are
derived. The income definition of government states
that revenue is equal to expenditures plus transfers.
The income definition for the capital sector states
that savings is equal to investment expenditures. The
definition for the foreign sector states that imports
are equal to exports plus foreign savings (balance of
payments). 

Equilibrium describes the state of the endogenous
variables in the model such as prices and quantities to
which the agents respond. These prices and quanti-
ties in turn determine the income of the economic
agents. Public policy for the most part seeks to
change the behavior of consumers or producers. The
general equilibrium model presents an explanation
for the responses that these agents have to alternative
policies. It also can account for any consequent real-
location of resource across economic sectors and in-
stitutions. The impacts of policies on the welfare of
the households and the distribution of income
among them can be estimated as a result of this anal-
ysis. 

In the product or commodity market there is a set of
equations for each good or service. The household’s
demand equations are derived from their maximiza-
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tion of a Cobb-Douglas utility function constrained
by their income. 

Maximize  subject to p C <= w L + r K

where C stands for consumption, p for prices, r for
return to capital, w for wages, L for labor, K for capi-
tal, Y for output, A for the Leontief technical coeffi-
cient matrix, X for intermediate goods, G for govern-
ment, I for investment, E for exports, and M for
imports.

The firm’s supply of commodities and demand for
inputs are the result of a two step process. First, the
conditional demand functions for capital and labor
are chosen by minimizing the firm’s total cost subject
to a Cobb-Douglas production function. 

Minimize w L + r K subject to a Lb K(1–b) >= Y

The supply of factors of production is exogenous.
Next a firm selects the optimal level of output by
maximizing profit or the difference between total
revenue and costs. 

p Y – p X – w L – r K

In a constant return to scale production technology
the supply equation takes the form of a cost of pro-
duction function. 

The presence of intermediate commodities produc-
tion and interindustry flows requires an adjustment
to be made to the market clearing and the zero profit
conditions. The market clearing equation states that
production equals intermediate demand plus final
demand. 

Y = C + X + G + I + E.

The firm’s income definition states that the value of
production sold on the domestic and foreign markets
equals the value of intermediate commodities plus
the value of capital and labor used in production,
which are essentially the first row and column of the
SAM matrix. The production function has a value-
added component and a Leontief input-output ma-
trix. The Leontief input-output matrix represents the
interindustry flows of goods and services used in the
production process.

The economic agent comprising the investment sec-
tor is specified by an investment demand equation
that is derived from maximizing a Cobb-Douglas
utility function subject a savings constraint. 

Maximize  subject to S = p I

The saving constraint stipulates that investment ex-
penditures equals total savings. The household sector
includes a saving equation where saving is equal to
the marginal propensity to save times income.
Household consumption is income minus savings
and final demand includes investment. Government
savings is exogenous and foreign saving equilibrates
the balance of payments.

The government sector as an economic agent in a
general equilibrium model is made up of a tax reve-
nue equation and a government expenditure equa-
tion. The expenditure equation includes transfers
and government consumption demand for public
goods and services. Government consumption de-
mand is derived from maximizing a Cobb-Douglas
utility function subject a budget constraint. 

Maximize  subject to p G <= Tax–Transfer

The budget constrain is equal to tax revenue minus
transfers and government savings. Final demand in-
cludes government expenditures and the model’s in-
come definitions incorporate taxes and transfers.

The foreign sector introduces exports and imports
into the model. Domestic production is supplied ei-
ther to the home market or it is exported to the for-
eign market. A firm maximizes its revenue from sell-
ing on the domestic or foreign markets subject to a
constant elasticity of transformation function. 

Y = a [d YD –r + (1–d) E –r] -1/r

The solution to this maximization problem results in
equations for domestic supply (YD) and exports. 

Domestic demand is usually modeled using an Arm-
ington assumption. A firm produces a composite
commodity from domestic supply and imports by
minimizing its costs subject to a constant elasticity of
substitution function. The solution to this minimiza-
tion problem results in equations for domestic de-

∑ αC

∑ αI

∑ αG
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mand and imports. As mentioned earlier the import
laden SAM includes imports in the domestic final
demand matrix.

There is an income definition for domestic produc-
tion and for domestic demand in the form of a zero
profit condition. The former income definition states
that the value of domestic production is equal to the
value of exports plus the value of domestic supply.
The later definition states that the value of the com-
posite commodity is equal to the value of imports
plus the value of domestic demand. 

The regional economy is modeled as a small county
which has no influence on the exogenous prices of
exports and imports. The import and export price are
expressed as the world price times the exchange rate.
The balance of payments is defined as the value of
imports equal to the value of exports plus foreign sav-
ings. Any surplus or deficit between the level of im-
ports and exports is balanced by the foreign savings.

The model’s equilibrium solution is specified by the
values of its endogenous variables. Initially the pa-
rameters of the model need to be calibrated. The cal-
ibration process move backward from the SAM to
construct the model given the functional forms of its
equations. The social accounting matrix which de-
scribes all of the transactions between economic
agents underlies the general equilibrium model. The
transaction of the economic agents in the model
should replicate the observed data.

The general equilibrium model can be used for a
comparative static simulation of a policy change by
altering policy variables or introducing exogenous
shock. A new counterfactual equilibrium solution is
calculated with new set of prices and quantities. The
new prices determine an alternative set of factor de-
mands, output and income values. These values are
then compared with benchmark equilibrium values.

The benefit of the policy decision in terms of con-
sumer welfare can be determined using an income
based index (equivalent and compensating variation)
which measures the amount of income the consumer
would need to achieve a specific level of utility or
welfare. Because a general equilibrium model is based

on the consumers’ maximization of utility, the wel-
fare index can be calculated.

By using the Rosson and Adcock study as the starting
point for a comparative static simulation of an in-
crease in trade with Cuba, one can take advantage of
the fact that the IMPLAN software produces a SAM
for the construction of a general equilibrium model.
The IMPLAN codes used in the original study were
aggregated into the major industry sectors: forestry,
commercial fishing, crop production, mining, food
processing, wood products, other agriculture, goods
production, and services. The first six sectors were di-
rectly impacted by the reduction in trade restriction.
The Rosson and Adcock estimation of the increase in
exports is displayed in Table 1. Total sector output is
displayed in Table 2.

Since the original study’s estimations of stepped-up
exports are insignificant for simulation purposes, it is
assumed that the directly impacted industries initial-
ly increase totally by one percent and individually by
their proportion of the total (see Table 3). The coun-
terfactual solution of the general equilibrium model
results in a zero impact for all variables except the fol-
lowing: forestry, fishing, crop production, mining,
food production, wood production, investment, sav-
ings and foreign investment (see Tables 4 and 5).

The absolute decrease in the domestic production
and consumption of commodities is greater that the
increase in exports. This difference results from a de-
cline in investment spending as resources are trans-
ferred to expand exports production. There is no
change in the household or government final
demand.

The measures of welfare on the State of Florida are
effectively zero from the change in trade policy. It
seems that the lack of an economic impact is due to
the slight increase in agricultural exports attributed
to additional trade with Cuba and to the fact that the
impacted industry sectors make up a small fraction of

Table 1. Estimation of the Increase in 
Exports (thousands)

Fish Crop Mining Food Wood

60 475 4,427 948 1,338 
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the overall industrial output of the State of Florida.
Thus, argument for or against trade liberalization
with Cuba should be based on reasons other than
economic gains or losses.

Table 2. Total Sector Output (millions)

Forest Fish Crop Oth. Agr. Mining Food Wood Good Service

683 176 4,724 3,293 2,114 9,264 2,299 136,138 652,457 

Table 3. Increase of Directly Impacted Industries (percent)

Forest Fish Crop Mining Food Wood Total

0.04 0.01 0.25 0.11 0.48 0.12 1.00

Table 4. Commodity Impact (percent)

Commodities Forest Fish Crop Oth Agr Mining Food Wood Good Service

Domestic -0.11 -0.25 -0.83 0 -0.15 -0.75 -0.13 0 0

Exports 0.08 0.02 0.51 0 0.23 1.03 0.26 0 0

Table 5. Savings and Investment Impact 
(percent)

Invest Saving Foreign Saving

-0.08 -0.08 -0.09
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 APPENDIX A
Social Accounting Matrix—Florida (2001)

Fors Fish Crop Otha Min Food Wood Good Serv Fors Fish Crop Otha Min Food Wood Good Serv

Fors 277 1 0 1 0

Fish 13

Crop 1807 11 6

Otha 0 1621 0 2

Min 1034 272

Food 5421 10

Wood 1512 11

Good 3 25 38 93945 1016

Serv 25 76 490919

Fors 129 0 4 0 1 200 146 3

Fish 0 167 195

Crop 56 399 0 588 134 410

Otha 152 258 414 894 2 155

Min 0 2 2 555 5 0 1194 2538

Food 3 0 3 245 1268 0 440 4797

Wood 0 22 1 0 8 576 3116 913

Good 14 35 321 334 211 905 230 41382 34607

Serv 53 36 448 647 634 2600 513 38205 178825

Labor 84 16 1006 1074 317 1381 587 37648 243970

Capital 218 83 2480 84 332 1379 160 12563 147169

Hh

Gov 29 5 129 89 64 71 32 1307 38875 0.6 1 15 52 8 99 4746

Ent

Inv

Invt

Import
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LaborCapital Hh Gov Ent Inv Invt Fors Fish Crop Otha Min Food Wood Good Serv

Fors 404 1 0 0 0

Fish 163

Crop 2858 32 11

Otha 1 1664 0 4

Min 739 70

Food 3803 30

Wood 771 5

Good 44 28 2 40934 103

Serv 0 79161357

Fors 379 1

Fish 141 3 1

Crop 1841 72 2449 13

Otha 486 13 1700 -10

Min 7 67 142 4

Food 14956 518 1101 -13

Wood 108 39 730 -20

Good 56160 22630 66124 -659

Serv 321276 70901 126781 18

Labor

Capital 32 7 141 97 451 800 438 8225 9984

Hh 248076118489 15200 63255 18919 212

Gov 33601 6707 60073 66275 64 38 17 17 0 52 294

Ent 15164

Inv 59495 -6096 -26277 -3755 1432 93 328 1146 619 2252 13357 2821 79362 74630

Invt -48 7 0 49 9 748 1

Import 4406
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