
Journal of Economic Integration
17(2), June 2002; 311-338

eral

ing

t that

he

t and

pact

posed

ng

wing

ak

eign

viour

 large

ural

eade,

rankfurt
.int
A Computable General Equilibrium Model for
Open Economies with Imperfect Competition

and Product Differentiation

Roberto A. De Santis
European Central Bank

Abstract

This paper corrects a shortcoming in the literature on computable gen

equilibrium models and imperfect competition with free entry and increas

returns to scale. The trade integration simulations applied to the US sugges

the shortcoming is quantitatively insignificant if key conditions are fulfilled. T

model also shows how to incorporate iceberg trade costs in both constan

increasing returns to scale sectors. A fall in trade costs can have a large im

on welfare as less resources are wasted. In addition, the same model is pro

for competition policy experiments against illegal collaboration amo

competitors. The results of the simulations provide interesting insights, sho

extraordinarily large welfare gains if competition policies are introduced to bre

the collusive behaviour in the US market among either domestic firms or for

firms. However, if these policies are brought in to weaken the collusive beha

among exporting firms, then a welfare loss can be generated because of a

deterioration of terms of trade.
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I. Introduction

General equilibrium trade models have been available since the 1950’s (M
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1952; Johnson, 1959). However, a reliable general equilibrium empirical to
determine the economic implications of openness to foreign markets and reg

integration was provided only in the 1970’s (Shoven and Whalley, 1974; M

and Spencer, 1977). Since then a large number of computable general equil

(CGE) models for both developed and developing countries have been const

to study a variety of empirical questions. International organisations, such a

World Bank, the OECD and the WTO, use them regularly for policy issues;
several economic departments provide courses in applied general equilibriu

well as applied econometrics, viewing them as complementary tools for econ

policy analysis. 

Initially, CGE models were constructed under the assumption of pe

competition and constant returns to scale (CRS), primarily to answer ques

related to public finance and international trade (Shoven and Whalley, 1972, 1
1974; Miller and Spencer, 1977; Whalley, 1985). However, at the end of

1970’s, new analytical models facing imperfect competition and increasing re

to scale (IRS) were accepted by the scientific community to explain the gains

trade. The so called ‘new trade theory’ argues that, alongside the gains from

due to the conventional comparative advantage, by enlarging markets interna

trade raises competition and allows greater exploitation of economies of 
(Krugman, 1979, 1981; Dixit and Norman, 1980; Lancaster, 1980; Helpm

1981; Ethier, 1982). Under the wave of the ‘new trade theory’, in the mid

eighties, CGE models with industrial organisation features were used to stud

impact of trade policy actions when industries are characterised by free entry

the economies to scale are exploited at firm level (Harris, 1984; Devarajan

Rodrik, 1989, 1991). More recently, Gasiorek, et al. (1992) and Harrison,
Rutherford and Tarr (1996, 1997) (henceforth, HRT) have calibrated multicou

CGE models, where the price cost margin is defined as an inverse function 

endogenous price elasticity of demand perceived by the representative 1

Gasiorek, et al. assume a Dixit-Stiglitz utility function; whilst HRT (1996, 1997

derive the perceived price elasticity of demand under the Armington specifica

which states that goods produced by industries located in different countrie
which compete in the same market, are imperfect substitutes (Armington, 1

The studies by HRT assume nonzero conjectural variations between firms

the same country, because initial prices are set equal to one and the margina

1By calibration procedure I mean the estimation of unknown parameters, such that the observed
of endogenous variables constitute an equilibrium of the CGE model.
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and the price elasticity of demand perceived by firms are calibrated. The
between the sectoral price cost margins and the inverse of the absolute value

price elasticities of demand is filled with a vector of conjectural variation para

ters. Hence, there is a need for conjectural variations in CGE models 

imperfect competition and IRS so as to help modellers in the calibration of the

parameters of the markup equations, which is tricky and certainly deman

causing problems associated with the convergence of the model. Howeve
approach suggested by HRT is analytically incorrect, because the price elastic

demand perceived by a firm in both the domestic and foreign markets depend

the conjectural variations (see also De Santis, 2002). Given the importance 

CGE approach in the academic as well as non-academic world, it is importa

correct this shortcoming and examine the possible bias of policy simulations.

In order to understand the problem, let me sketch a figure where the stra
interactions among domestic and foreign firms are clearly identifiable. Figu

depicts a typical three stage demand tree for the imperfect competitive 

employed in the CGE literature (see for example HRT, 1996, 1997). At the

stage, the final demand of the representative consumer and the interm

demand of industries are satisfied by the supply of composite commodities. A

second stage, the aggregate demand for composite commodities is satisfied
supply of domestic goods and imports, treated as imperfect substitutes. A

third stage, having decided the demand for domestic goods and for imp

Figure 1. The Demand System
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consumers and industries purchase a variety of domestic goods and a var
imports. Hence, domestic firms (as well as foreign firms) compete against 

other at the third stage of the demand tree. It is at this stage that the expecta

a domestic (foreign) firm about the action of other domestic (foreign) firms

their own actions is formed. Therefore, the elasticity of demand perceived b

firms is not independent of conjectural variations.

In this paper, I derive a general formulation for the price markup, where the 
elasticity of demand is a function of the conjectured reactions of the rival firms 

the same market. I show that the price cost margin formula used by HRT c

obtained as a special case when firms behave in a Cournot fashion. I also sho

to calibrate the conjectural variation parameters. In order to understand how w

and output might be affected by the use of alternative conjectural variations, a 

country open economy CGE model has been built for the US economy to stud
economic implication of trade integration and competition policies.

The US has been applying small tariff rates for a long time. Consequently, 

integration has been more the results of the fall in non-tariff barriers, transpor

communication costs. This study shows how to model these in a CGE frame

in the form of iceberg trade costs for both constant and increasing returns to

sectors. Policy simulations suggest that they can have large economic implic
especially on welfare and, therefore, should not be disregarded by CGE m

dealing with trade issues.

In addition, I propose to use this type of model to study the impac

competition policies by changing the conjectural variation parameters. Ther

strong objections to the conjectural variation approach (see Tirole, 1988, C

Helpman and Krugman, 1989, Ch. 8; Varian, 1992, Ch. 16), mainly becau
static model does not permit firms to respond to the other firm’s output choic

is argued that the notion of conjectural variation is ad hoc (Daughety, 1985), or

that strategic responses require a temporal setting (Makowski, 1987). Howe

is also understood that the conjectural variation approach is an approximati

the solution, which emerges from the equilibrium of a dynamic oligopolistic ga

(Schmalensee, 1989; Ferrel and Shapiro, 1990).2 It is also well known that the

2Note that in linear oligopolies, and for an open set of values of the discount factor, the conje
variation solution is the reduced form of the equilibrium of a quantity-setting repeated game
minimax punishments during T periods (Cabral, 1995). Similarly, Pfaffermayr (1999) shows tha
conjectural variation model may represent a reduced form of a price-setting supergame
differentiated product market, which allows a wide range of outcomes from perfect competition to
unconstrained monopoly.
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conjectural variation models are used by empirical industrial economists bec
they can cover the entire range of market performance from competitio

monopoly (Cowling, 1976; Cowling and Waterson, 1976; Slade, 1987; Ma

and Van Reenen, 1993; Haskel and Martin, 1992, 1994). Also trade econo

have employed the conjectural variation approach in a partial equilibrium se

examples of fixed-entry quantitative models are those of Krugman (19

Laussel, et al. (1997), and Dixit (1987, 1988); examples of free-entry quantitat
models are those of Smith and Venables (1988), and Baldwin and Krug

(1988). As pointed out by Helpman and Krugman (1989), the justification

employing the conjectural variation approach in empirical studies is to be foun

the fact that it can give a helpful indication of what the effects of policies m

be once the industry conduct is specified. It is important to note that in April 2

the US Department of Justice and Federal Trade Commission issued the an
guidelines for collaboration among competitors. The accompanying stateme

the commissioner Mozelle Thompson states: {“... in the modern market, com

petitors often need to collaborate. Companies that enter strategic alliances 

do so in response to the dynamic competitive forces that are reshaping mu

our economy. Moreover, many collaborations are being undertaken to un

companies to expand into foreign markets, fund expensive innovation

research efforts, and lower costs. But, some may raise competition issue.”} 3

Clearly, some forms of collaboration among competitors are tolerated, but o

are considered illegal. This feature of the variegated US antitrust regulati

captured by the conjectural variation parameters.

The remaining sections of this paper have been organised as follows: Sec

describes the modelling framework; Section 3 derives the price markups 
representative firm in the domestic and foreign markets; Section 4 describe

CGE model for the US, the benchmark data set and the calibration proce

Section 5 discusses the numerical results; Section 6 presents a summary.

II. The Structure of the Model

A. The Supply Behaviour

Assume that within an industry i a firm s faces fixed costs, , and producefi

3The guidelines and the statement can be found respectevely at the following electronic addresse
FTC.gov/os/2000/04/antitrustguidethompson.htm and www.usdoj.gov/atr/public/guidelinesa/guidelin
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goods, which are supplied in the domestic market, , and exported, . Not

i denotes the sectors facing IRS, whereas j denotes all economic sectors.

The profit function of a representative domestic firm, , takes the follow

form:

(1)

where  and  denote the brand prices of domestic output and exp

respectively;  the marginal cost, which is assumed to be independent of o

and  the specific iceberg trade cost. It is important to note that given (13)

collaboration among firms would be illegal, as a fall in costs would not occur. 

first order conditions yield

       (2)

   , (3)

where  and  represent the price elasticities of domestic and export dem
perceived by a domestic firm s, respectively. HRT (1997) would argue tha

/  and / , where 

and  denote the conjectural variations in the domestic and export ma

respectively (with  representing the Cournot case); and  and

represent the price elasticities of domestic and export demands perceived

domestic firm’s, respectively, computed with the HRT approach. However, 
implicitly assume that  and  are independent of conjectural variat

parameters. Conversely, as suggested by Smith and Venables (1988

perceived price elasticities of demand also depend on the perceived effect 

firm's action on industry aggregate supply. Note that the approach used in

HRT study and this paper is based upon the assumption that the equilib

number of firms is large and finite as suggested by Yang and Heijdra (1993

B. The Demand Behaviour

A typical CGE model with imperfect competition and IRS is characterised

the three stage demand system as depicted in Figure 1. At the first stage, th

demand of the representative consumer, , and the intermediate dema

industries, , are satisfied by the supply of composite commodities, :
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(6)

where  denotes household budget shares, I household income,  the price o

the Armington goods,  sectoral output,  the input requirements by secti
which are supplied by sectors j,  domestic output,  imports,  the elasticit

of substitution between imports and domestic goods, and  the share para

of the Armington function. Equation (4) is derived by maximising the consum
Cobb-Douglas utility function subject to his budget constraint, whereas

derivation of (5) is based upon the assumption that intermediate inputs ar

complements (i.e. Leontief specification). Equation (6) gives the equilibrium

the goods market.

At the second stage, the aggregate demand for composite commodities i

satisfied by the supply of domestic goods and imports, according to the 
Armington specification. At the upper level, the solution of the Armington-d

problem yields the demand for domestic goods, , the demand for imports

and the Armington price, :

(7)

(8)

, (9)

where   denotes the domestic price index and  the import price index.

At the third stage, having decided the demand for domestic goods an

imports, consumers and industries purchase a variety of domestic goods 

variety of imports, based again on CES functions:

, , (10)

, , (11)
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where  and  represent the elasticities of substitution among  dom
varieties and  imported varieties, respectively; and  denotes output of 

foreign brand r. Given (10) and (11), the solution of the dual problems yields

, (12)

, (13)

, (14)

(15)

where  denotes the price vector of imported brands gross of the trade co

III. The Strategic Interaction Among Firms

Assume that domestic and foreign firms respond to output choices of r

from the same country with constant conjectures. From (12), the inverse de

function can be log-linearised as

(16)

By definition the derivative of (16) with respect to ln  yields the inverse of

the price elasticity of domestic demand perceived by a firm:

(17)

The appendix shows that under symmetry among domestic firms and con

conjectures

(18)

where  represents the domestic industry market sh

in the domestic market;  is the absolute value of the price elasticity
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demand, by using (4)-(6), it can be shown that . This implies that
is endogenous and ranges between zero and one (see appendix).

Also the foreign industry is assumed to be imperfectly competitive. In gen

the inverse of the price elasticity of demand perceived by a representative fi

the v market (v stands for the domestic market, the export market and the im

market) is:

4 (19)

The absolute value of (19) corresponds to the price cost margin form

employed by HRT (1997) only under Cournot competition. In addition, (19

consistent with the theory (Varian, 1992), which argues that a more collu

outcome is obtained for positive conjectural variations, if . 
It is interesting to note that under Cournot conjectures, 

other words, the firm’s price cost margin would be equal to the inverse o

elasticity of substitution among individual producers, as the number of br

converges to infinite. This result is in line with the monopolistic competit

literature (Dixit and Stiglitz, 1977; Krugman, 1979). Since I assume that 

number of firms is finite, the price cost margin is larger than ,
.

In order to get further insights regarding the expression which define the 

markups, it is very useful to compute the total differential of (19), which is:

, (20)

where . This exercise allows one to arriv

at the following conclusions under the assumptions that :

• entry of new firms leads to a fall in the price-cost margin; 

• a larger aggregate price elasticity (in absolute value) implies a larger 

elasticity of demand perceived by a firm (in absolute value);

• an increase in the industry’s market share implies a rise in the price
margin in its own market.

All these conditions are fulfilled if . Hence, a check on the value
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is very useful in understanding and interpreting the numerical results.
Similarly, the total differential of the HRT price cost margins, , can be writ

as:

(21)

This implies that the three above results are fulfilled if  a
. In summary, if , and , the HRT and

the approach suggested in this study would produce similar results, in particu

far as the direction of the variables' changes is concerned.

IV. A CGE Model for the United States

A. The model

The single country 3-sector CGE model presented in this section is used 

to check if the results of the model are in line with the economic principles 

secondly, to examine whether lower trade costs and alternative conjec

variation parameters lead to different quantitative effects. The CGE m

contains two categories of industries: those where perfect competition and
are assumed to prevail (agriculture and services), and those characterised b

(industry).

The production function has a two stage nested CES structure. At the first s

I assume a Leontief function among primary factors of production 

intermediate inputs, which are in turn assumed to be net complements. A

second stage, the elasticity of substitution among the mobile labour and the m
capital is assumed to be positive. The production possibility frontier of 

industries facing perfect competition and CRS is a constant elasticity tr

formation (CET) specification of domestic products and exports, treated as im

fect substitutes. On the demand side, the representative household de

government spending, and the intermediate demand are satisfied by a com

of domestic and imported goods, as described in section 2. Government spe
is set exogenously, so it does not play any role. The household demand is d

from a Cobb-Douglas utility function. The country is assumed to be a price t

for the commodities traded internationally, with the exception of goods produ

by sectors facing IRS, for which a downward sloping export demand curv
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supposed. The latter has been derived by assuming that a hypothetical f
consumer purchases a variety of domestic goods and a variety of US ex

treated as their substitutes. Also the domestic price of imports is endogen

determined as indicated by (15). The marginal cost of the foreign firms 

foreign domestic production are set exogenously. The trade balance and the 

budget balance are always in equilibrium and firms make zero profits. The w

price of the CRS goods is used as the numeraire of the model. The entire 
is reported in the appendix.

B. Benchmark and Calibration

The theoretical model outlined above and applied to the US requires a bench

data set to calibrate unknown parameters, such that the observed val

endogenous variables constitutes an equilibrium of the numerical model.5 I employ
the social accounting matrix (SAM) for the US constructed for the year 1989

available in Reinert and Roland-Holst (1997). The activities and commodities

disaggregated into 3 different types: agriculture, industry and services. Clearly

original SAM has been adjusted for the needs of the present model (see Tab

In order to calibrate the variables of the sector facing IRS, the algeb

structure of the model required further information on price-cost margin, fi
costs and the number of symmetric firms. I assume that labour and capital i

used in fixed proportion are 40 per cent of the primary factor inputs used b

industry. This allows me to calibrate the marginal cost and the cost disadva

ratio, which is equal to 14.2 per cent. I also assume that the number of dom

Table 1. A 1989 SAM for the United States 

(Billion of Dollars)
Agriculture Industry Services Labour Capital Household Government RoW Duties To

Agriculture 38,1 104,9 15,3 24,5 4,6 28,1 215,5
Industry 33,5 1438,0 497,1 725,5 1009,1 341,8 4045,
Services 22,7 749,1 1332,5 2700,2 783,0 121,1 5708,
Labour 35,8 900,5 2142,6 3078,9
Capital 65,9 304,9 1316,3 1687,1
Household 3078,9 1687,1 4766,0
Government 8,2 60,5 311,0 1315,8 83,7 17,5 1796,
RoW 11,1 469,8 93,8 574,7
Duties 0,2 17,3 17,5
Total 215,5 4045,0 5708,6 3078,9 1687,1 4766,0 1796,7 574,7 17,5

Source: Author’s data elaboration from Reinert and Roland-Holst (1997).

5Variables and parameters with ^ mean that they are calibrated, whilst variables with 0 are observed in the
base year.
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and foreign firms is 50 of each type. The number of firms is large enough to a

problems associated with integer values.

The conjectural variation parameters are endogenously calibrated. Unde

HRT approach, the conjectural variation parameters are calibrated as fol

, where  denotes the calibrated price cost margin, which

assumed equal to the cost disadvantage ratio for both domestic and foreign 
Thus,  is equal to 0.142. Under the approach presented in this study, the 

of conjectural variation parameters is calibrated as follows:

. (22)

It is important to note that (22) can be re-arranged as 
Hence if, and only if, ,  has the same sign of .

In order to obtain calibrated values that are consistent with those discuss

section 3, I set , so that . The vector of the CE

elasticities in the CRS sectors is assumed equal to 2.5, whereas the vector

Armington elasticities is assumed to be equal to 1.5 such that . 

elasticity of substitution among primary factors of production is assumed equ
0.5 in agriculture, 1.4 in industry and 2 in services.6 This permits the calibration of

the firms’ perceived price elasticities in each market.

Table 2 shows the vector of the calibrated quantity conjectures (22) and o

price elasticity perceived by domestic and foreign firms under both the H

approach and the approach suggested in this study (DES approach). The con
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Table 2. Calibrated conjectures and firms’ price elasticities

Conjectural variation parameters Price elasticities
Domestic Export Import Domestic Export Import
market market market market market market

HRT + 0.021 + 1.281 + 0.923 − 7.173 − 16.026 − 13.512
DES − 0,001 + 0.132 + 0.058 − 7.026 0− 7.026 0− 7.026

HRT: HRT approach; DES: De Santis’s approach.

6A detailed study on the Armington elasticities at sectoral level for mining and manufacturing in th
is published by Reinert and Roland-Holst (1992). These elasticities range between 0.01 (other 
products) and 3.49 (wine, brandy, and brandy spirits). The elasticity employed in this study is som
in the middle. With regard to the elasticity of substitution among primary inputs, the elasticity
agriculture is assumed smaller because of the underlying assumption that land is sector speci
sectoral supply response to shocks should therefore be smaller in agriculture. Similar elastici
substitution are also suggested by the GTAP data base (McDougall, et al., 1998, pp. 19-9), a statistical
source often used in CGE analysis.
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variation parameters (22) are very close to the Cournot case. Those obtained
the HRT approach are slightly larger. Note that all of them fulfil the conditi

suggested by the total differentials of the price markups (20) and (21).

V. Scenarios

A. Trade Integration Policies

CGE models have been widely used to study the economic implications of 

reduction. The simulations for the US, whose results have been not repo

suggest that the economic implications of tariff liberalisation are minor bec

the calibrated ad valorem tariff rates are small.7  It must be said that CGE model

have generally found a small positive impact on welfare even if increasing re

to scale is postulated (i.e. around 2% of the consumer income). However, it s
be stressed that other form of trade costs - such as non-tariff barriers, transpo

communication costs - have been often disregarded by the CGE literature. I

section, I show that lowering iceberg trade costs might have a larger effe

welfare, as they capture the potentially sizeable Krueger rectangle. As regards the

impact on the concentration of the industry, ex-ante protected firms would s

losses with the less efficient firms exiting the market to restore the zero p
equilibrium condition.

Since trade costs are equal to zero in the benchmark, the numerical ex

consists of introducing trade costs on goods traded in the international ma

However, I consider the results of the simulations as the starting point fo

economy. Hence, the comparison between the benchmark and the results w

interpreted as the economic implications of a fall in trade costs. Evidence bet
1970 and 1990, provided by Davis (1998) and Rauch (1999), suggest tha

transport costs in the US fall by only 2.08 points in agriculture, 0.7 point

industry and 1.01 points in services. However, other costs such as the elimin

of non-tariff barriers and the fall of communication costs might have fallen m

extensively. Thus, I consider an additional scenario, where trade costs fall b

points in all sectors.
A fall in trade costs affects all prices: export prices, import prices and dom

7A conjectural variation CGE model has been applied to Turkey to study the impact of tariff liberalis
policies under alternative conjectural variation parameters. The impact of the trade policy on wel
found to be small (De Santis, 2002).
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prices, since the latter will adjust due to the substitutability which occurs betw

internationally and domestically traded goods. The economy will be much m

open. Thus, the trade volume will increase and the economy will specialis

producing goods for which it has a comparative advantage. Since the m

assumes mobility of factors of production and full employment, trade sh

allow a greater variety of goods and a greater scale of production (Krug
1979). The boost due to openness might even increase both factor 

(Krugman, 1981). In summary, higher factor returns and lower goods p

should be reflected in higher consumer welfare.

Table 3 shows the results of the simulations. Those labelled ‘HRT’ are bas

the model suggested by HRT; whereas those labelled ‘DES’ are based upo

model presented in this study. The results of both methods are extraordi
similar and consistent with the economic principles. Welfare gains from a fa

transport costs are only equal to 0.3 per cent of the consumer income, if tran

costs fall according to Rauch’s evidence. However, if trade costs fall by 10 po

welfare rises by 3.2-3.3 per cent (157 billion of US dollars). Trade volu

increases and domestic sales generally decline due to foreign competition

Table 3. The impact of trade integration (%)

Fall in transport costs
(Rauch’s evidence)

Fall in trade costs
(10 point fall)

HRT DES HRT DES
Welfare 0.3 0.3 3.2 3.2

Agr Ind Ser Agr Ind Ser Agr Ind Ser Agr Ind Ser
Output 0.5 −0.1 0.1 0.5 −0.1 0.1 0.1 −1.3 1.0 0.2 −1.3 1.0
Domestic sales −0.1 −0.2 0.1 −0.1 −0.2 0.1 −1.4 −2.3 0.8 −1.4 −2.2 0.8
Export volume 4.4 0.3 0.9 4.4 0.3 0.9 11.3 8.9 10.2 11.3 8.9 10
Import volume 3.6 2.0 2.7 3.6 2.0 2.7 23.9 26.5 29.2 23.9 26.1 29
Domestic industry’s market share −0.1 −0.1 −0.0 −0.1 −0.1 −0.0 −0.4 −1.1 −0.1 −0.4 −1.1 −0.1
Export industry’s market share 4.3 0.1 0.9 4.3 0.1 0.9 11.1 2.3 10.2 11.1 2.2 1
Foreign industry’s market share 1.1 0.6 0.8 1.1 0.6 0.8 7.4 8.0 8.5 7.4 8.0
Number of domestic firms −0.5 −0.5 −5.2 −5.3
Number of foreign firms 0.8 0.9 9.3 10.9
Domestic firm’s domestic output 0.3 0.3 3.1 3.2
Domestic firm’s exports 0.8 0.8 14.9 15.0
Domestic firm’s output 0.3 0.4 4.1 4.2
Foreign firm’s output 1.1 1.0 15.7 13.6
PCM in the domestic market −0.0 −0.0 −0.5 −0.6
PCM in the export market 0.1 0.0 1.0 0.4
PCM in the import market −0.2 −0.1 −2.7 −1.2
Aggregate demand elasticity 0.5 0.5 5.4 5.3

HRT: HRT approach; DES: De Santis’s approach.
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market share of the US industry declines in the domestic market, where
increases in the foreign market. In particular, the fall in manufacturing s

resources to agriculture and services, which can expand. Trade openness i

that the less efficient domestic firms exit the market. However, the total numb

firms increases enhancing the economy. In fact, the number of domestic 

declines by 0.5 (5.2) per cent, whereas the number of foreign firms rises b

(9.2) under HRT and by 0.9 (10.7) per cent under DES. The welfare gains ar
to the more efficient use of resources within the economy. As the numbe

manufacturing domestic firms declines, the primary factors of production u

previously as fixed costs in the manufacturing sector can now be employ

increase production in CRS sectors. As the total number of firms in the

economy increases, the economy boosts also due to this scale effect. In ad

some of the resources previously wasted in covering trade costs can be
employed to produce goods which can be domestically consumed or exporte

the Krueger rectangle declines). The most important difference among the t

methods is the impact of a fall in trade costs on the price cost margin of the fo

firm and, as a result, on their size and on the equilibrium number of foreign fi

The price cost margin declines by 0.1 (1.2) per cent under the DES appr

whereas it declines by 0.2 (2.6) per cent under the HRT approach. At first gl
one might have the impression that the DES numerical model is inconsi

because all the variables, which affect the price cost margin of the foreign 

change by a similar size: the market share of the foreign industry rises by 0.6

8) per cent, the price elasticity of aggregate demand rises by 0.5 (5.3-5.4) pe

while the number of foreign firms increases by a larger amount under the 

approach, which would mean that the price cost margin should be smaller 
this approach. In order to understand this result, compute the total different

the price cost margin of the foreign firm under both the DES and the H

approach by using (20) and (21), respectively. Then,

,

It is evident that the calibrated elasticity of the foreign industry’s market s

under the DES approach is the double that under the HRT approach, and th

d
pi

m
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m
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Table 4. Changing Conjectures

HRT DES
Domestic Export Import Domestic Export Import
market Market market market market market

Ex post + 0.021 + 1.281 + 0.923 − 0,001 + 0.132 + 0.058
Ex ante + 1.000 + 3.000 + 2.000 + 0.003 + 0.950 + 0.950
HRT: Harrison-Rutherford-Tarr approach; DES: De Santis’s approach.

Table 5. The Impact of Competition Policies (%)

HRT

Change in Change in Change in 
Welfare 8.9 −0.4 0.8

Agr Ind Ser Agr Ind Ser Agr Ind Ser
Output 8.4 12.2 5.6 0.5 1.9 0.0 −0.2 −0.4 0.3
Domestic sales 9.6 13.7 5.8 1.0 0.3 0.0−0.2 −0.7 0.3
Export volume 1.8 0.0 −3.6 −2.1 19.3 −2.3 −0.7 2.9 -0.5
Import volume 14.5 −3.4 11.9 2.8 3.1 1.5 0.1 9.2 0.7
Number of domestic firms −36.4 −2.9 −1.3
Number of foreign firms −4.4 2.6 −28.2
Domestic firm’s domestic output 78.9 3.3 0.6
Domestic firm’s exports 57.3 22.9 4.3
Domestic firm’s output 76.6 4.9 1.0
Foreign firm’s output 1.1 0.5 52.1
PCM in the domestic market −36.4 2.7 −0.3
PCM in the export market 7.8 −42.6 0.3
PCM in the import market −0.9 −0.4 −29.4
Terms of trade −0.4 −11.2 7.2

HRT

Change in Change in Change in 
Welfare 14.2 −1.1 41.1

Agr Ind Ser Agr Ind Ser Agr Ind Ser
Output 12.3 18.3 8.6 −0.1 8.3 −0.0 6.2 −15.7 15.4
Domestic sales 14.3 20.4 9.0 3.4 1.2 0.4−1.1 −20.8 14.3
Export volume 1.3 2.1 −6.1 −16.9 220.9 −16.1 131.9 113.7 123.7
Import volume 22.9 −3.9 19.2 17.8 16.6 11.9 −40.7 4012.8 −23.6
Number of domestic firms −45.8 −10.2 −42.0
Number of foreign firms −10.3 17.1 −73.1
Domestic firm’s domestic output 122.2 12.7 36.6
Domestic firm’s exports 88.4 257.4 268.6
Domestic firm’s output 118.4 20.6 45.4
Foreign firm’s output 7.2 −0.4 15201.2
PCM in the domestic market −44.8 9.6 −10.9
PCM in the export market 3.6 −77.7 3.4
PCM in the import market −5.7 0.4 −85.2
Terms of trade −0.9 −54.5 1348.1

HRT: Harrison−Rutherford-Tarr approach; DES: De Santis’s approach.
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aggregate demand elasticity under the DES approach is almost five time
under the HRT approach. This implies that the aggregate price elasticity pl

key role in explaining the different results obtained with the two methods at 

level. It is also interesting to note that the impact on the equilibrium numbe

firms is not an important variable to determine the price cost margin. Henc

this modelling framework, it is the price cost margin that affects the equilibr

number of firms.
In summary, the two models yield very similar results, which implies that 

trade integration scenarios available in the literature obtained with CGE mo

which employ the HRT approach, are very good approximations if 

and .

A. Competition Policies

Can this type of model be used to study the impact of competition policies

this subsection, I show that the conjectural variation approach should be exp

in CGE models because it can give a helpful indication of the effects

competition policies against anti-competitive collaborations among firms

changing the conjectural variation parameters. The scenarios assume th

equilibrium of the economy is ex post given by the benchmark, whereas
conjectural variation parameters are assumed ex ante to be larger (se Table 4). 

can, therefore, study the impact of competition policies in US manufacturing

comparing the benchmark with the new equilibrium solutions.

The results presented in Table 5 differ according to the model emplo

because the marginal effects of the two approaches are of a different magn

under the DES approach, and 
under the HRT approach.8 The absolute value of the marginal effect 

larger under the DES approach, which implies that the impact on variables w

greater under this approach, whilst the direction of the impact should no

affected. Here, I interpret the results produced with the DES approach. 

The first column of Table 5 shows the impact of policies, which favour 

competitiveness of US firms in the US market. The competition policies halve
price markup in the domestic market and, as a result, reduce the equilib

number of domestic firms by 45.8 per cent. Given the Armington specificat

consumers and entrepreneurs prefer cheaper domestic goods to imports

ςi
v ε i

v χ i
v> >

Ωi
 v 1–>

∂ 1 τ i
v⁄[ ] ∂λ i
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8Note that a strengthened collusive behaviour results in larger price markups if , whi
always postulated in this paper.
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result, the import volume declines and 10.3 per cent of foreign firms exit the
market. Note that the size of domestic firms almost doubles (118.4 per cent)

efficient use of resources and the greater exploitation of economies of scale 

all sectors to expand. The welfare gains of this policy are equal to 14.2 per c

the consumer income, an extraordinary impact compared to the small gains s

in the CGE literature.

The second column of Table 5 shows the impact of policies, which favou
competitiveness of US firms in the foreign market. The competition polic

reduce the price markup in the export market by 77.7 per cent and, as a 

reduce the number of competing domestic firms by 10.2 per cent, although e

sales increase exponentially (220.9 per cent). The huge amount of exports is

by an expansion of a variety of foreign brands, which increase by 17.1 per c

keep the current account deficit constant. Despite the rise by 20.6 per cent 
size of the domestic firms, the efficient use of resources and the more appro

exploitation of economies of scale do not lead to welfare gains, because of a

deterioration of terms of trade. In fact, the latter declines by 54.5 per cent brin

about a welfare loss equal to 1.1 per cent.

Finally, the last column of Table 5 shows the impact of policies, which fav

the competitiveness of foreign firms in the US market. The competition poli
reduce the price markup of the foreign firms by 85.2 per cent and, as a r

reduce the number of competing foreign firms by 73.1 per cent, although

import volume in manufacturing increases exponentially (almost 40 times). 

huge amount of imports is offset by an expansion of exports in all sectors to

the current account deficit constant. Given the Armington specificat

consumers and entrepreneurs prefer cheaper imports to domestic products. 
manufacturing domestic sales and their price decline. The negative impa

domestic demand causes the exit of domestic firms, which are reduced by 4

cent. However, the size of the domestic firms rises by 45.4 per cent. The eff

use of resources and the greater exploitation of economies of scale, plu

extraordinarily large positive terms of trade effect, lead to extraordinary l

welfare gains, which amount to 41.1 per cent of the consumer income. 
important to emphasise that foreign marginal costs are constant, which im

that foreign firm's output can expand (152 times) without affecting foreign fa

prices. This assumption has been required because of the single co

hypothesis. As a result, the impact on import volume and, hence, on welfare 

to the partial equilibrium hypothesis postulated for the foreign econo
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Nevertheless, the results are consistent with economic theory; though a m
gional model would be required to better examine the implications of compet

policies to break the collusive behaviour of foreign firms.

VI. Summary

This study proposes a procedure to construct CGE models with impe
competition for open economies, which are characterised by IRS and free 

The model is similar to that used by HRT (1997), where firms compete 

quantity setting oligopoly with calibrated constant conjectures. It assumes tha

price cost margin faced by national firms is endogenous, and derives the 

elasticities of demand perceived by a firm in a multi-stage demand system, w

however, are also a function of the conjectured reactions of the rival firms from
same market. I show that the formulas suggested by HRT can be obtained 

the hypothesis of Cournot competition. In addition, I indicate an approac

calibrate the conjectural variation parameters, and I set up a model for the U

the empirical analysis. The numerical model shows that, as a consequence o

in trade costs, the results obtained under the HRT approach are very sim

those obtained by using the suggested methodology, if key conditions are sat
I also suggest using these types of models to study the impact of compe

policies against anti-competitive collaborations among firms by varying 

conjectural variation parameters. The scenarios suggest that if compe

policies are introduced to break the collusive behaviour in the US market am

either domestic firms or foreign firms, then large welfare gains can be gene

because resources are more efficiently used and economies of scale are ex
considerably. However, if these policies are brought in to weaken the collu

behaviour among exporting firms, then a welfare loss can be generated du

large negative terms of trade effect.

Acknowledgement

I am indebted to Glenn Harrison, Thomas Rutherford, Frank St hler and 

Whalley for their comments on an early stage of this paper. I also wish to tha

unknown referee for valuable suggestions. All errors are my responsibility.

Date accepted: June 200

a··



330 Roberto A. De Santis 

 of

n: A

nce

re”,

ent”,

del

: Do

sults

US

y”,

ct

ry of

is”,

neral
References

Armington, P. (1969), “A theory of demand for products distinguished by place
production”, IMF Staff Papers, vol. 16, n. 1, pp. 261-78.

Baldwin, R. and Krugman, P. (1988), “Market access and international competitio
simulation study of 16K Random Access Memories”, in Feenstra, R (ed.), Empirical
Methods for International Trade, Cambridge, The MIT Press. 

Cabral, L. M. B. (1995), “Conjectural variations as a reduced form”, Economic Letters,
vol. 49, pp. 397-402.

 Cowling, K. (1976), “On the theoretical specification of industrial structure-performa
relationships”, European Economic Review, vol. 8, pp. 1-14.

Cowling, K. and Waterson, M. (1976), “Price-cost margin and market structu
Economica, vol. 43, pp. 267-274.

Davis, D. R. (1998), “The home market, trade, and industrial structure”, American
Economic Review, vol. 88, pp. 1264-1276.

Daughety, A. F. (1985), “Reconsidering Cournot: the Cournot equilibrium is consist
Rand Journal of Economic, vol. 16, pp. 368-379.

De Santis, R.A. (2002), “A Conjectural Variation Computable General Equilibrium Mo
with Free Entry”, in Fossati, A. and Wiegard, W. (eds.), Policy Evaluation with
Computable General Equilibrium Models, Routledge, London.

Devarajan, S. and Rodrik, D. (1989), “Trade liberalization in developing countries
imperfect competition and scale economies matter?, American Economic Review,
Papers and proceedings, vol. 79. pp. 283-287.

Devarajan, S. and Rodrik, D. (1991), “Pro-competitive effects of trade reform. Re
from a CGE model of Cameroon”, European Economic Review, vol. 35, pp. 1157-
1184.

Dixit, A. K. (1987), “Tariffs and subsidies under oligopoly: The case of the 
automobile industry”, in Kierzkowski, H. (ed.), Protection and Competition in
International Trade, Oxford, Blackwell. 

Dixit, A. K. (1988), “Optimal trade and industrial policy for the US automobile industr
in Feenstra, R (ed.), Empirical Methods for International Trade, Cambridge, The MIT
Press. 

Dixit, A. K. and Norman, V. (1980), Theory of International Trade, Cambridge,
Cambridge University Press.

Dixit, A. K. and Stiglitz, J. (1977), “Monopolistic competition and optimum produ
diversity”, American Economic Review, vol. 67, pp. 297-308.

Ethier, W. (1982), “National and international returns to scale in the modern theo
international trade”, American Economic Review, vol. 72, pp. 389-406.

Ferrel, J. and Shapiro, C. (1990), “Horizontal mergers: An equilibrium analys
American Economic Review, vol. 80, pp. 107-126. 

Gasiorek, M., Smith, A. and Venables, A. (1992), “1992: Trade and welfare; a ge



A Computable General Equilibrium Model for Open Economies with Imperfect...... 331

with

 and
cts”,

uay

cycle:

 UK

tion,
hlin

rve”,

onal

s: A

on”,

nder
et”,

dence

e

ing
equilibrium model”, in Winters, L. A. (ed.), Trade Flows and Trade Policy After
‘1992’, Cambridge, Cambridge University Press. 

Harris, R. (1984), “Applied general equilibrium analysis of small open economies 
scale economies and imperfect competition”, American Economic Review, vol. 74, n.
5, pp. 1016-1032.

Harrison, G. W., Rutherford, T. F. and Tarr, D. G. (1996), “Increased competition
completion of the market in the European Union: Static and steady state effe
Journal of Economic Integration, Vol. 11, n. 3, pp. 332-365.

Harrison, G. W., Rutherford, T. F. and Tarr, D. G. (1997), “Quantifying the Urug
Round”, Economic Journal, vol. 107, pp. 1405-1430.

Haskel, J. and Martin, C. (1992), “Margins, concentration, unions and the business 
Theory and evidence for Britain”, International Journal of Industrial Organization,
vol. 10, pp. 611-632.

Haskel, J. and Martin, C. (1994), “Capacity and competition: Empirical evidence of
panel data”, Journal of Industrial Economics, vol. 42, pp. 23-44.

Helpman, E. (1981), “International trade in the presence of product differentia
economies of scale, and monopolistic competition: A Chamberlinian-Heckscher-O
approach”, Journal of International Economics, vol. 11, pp. 305-340.

Helpman, E. and Krugman, P. (1989), Trade Policy and Market Structure, Cambridge,
The MIT Press. 

Johnson, H. G. (1959), “International trade, income distribution and the offer cu
Manchester School, vol. 27, pp. 241-260.

Krugman, P. (1979), “Increasing returns, monopolistic competition, and internati
trade”, Journal of International Economics, vol. 9, pp. 469-479.

Krugman, P. (1981), “Intraindustry specialization and the gains from trade”, Journal of
Political Economy, vol. 89, pp. 959-973.

Krugman, P. (1987), “Market access and competition in high technology industrie
calibrated simulation exercise”, in Kierzkowski, H. (ed.), Protection and Competition
in International Trade, Oxford, Blackwell. 

Lancaster, K. (1980), “Intraindustry trade under perfect monopolistic competiti
Journal of International Economy, vol. 10, pp. 151-175.

Laussel, D., Montet, C. and Peguin-Feissolle, A. (1988), “Optimal trade policy u
oligopoly: A calibrated model of the Europe-Japan rivalry in the EEC car mark
European Economic Review, vol. 32, pp. 1547-1565.

Machin, S. and Van Reenen, J. (1993), “Profit margins and the business cycle: evi
from UK manufacturing firms”, Journal of Industrial Economics, vol. 41, pp. 29-50.

McDougall, R. A., Elbehri, A. and Truong, T. P. (1998), Global Trade Assistance and
Protection: The GTAP 4 Data Base, Center for Global Trade Analysis, Purdu
University.

Meade, J. E. (1952), A Geometry of International Trade, London, Macmillan.
Miller, M. H. and Spencer, J. E. (1977), “The static economic effects of the U.K. join

the EEC: A general equilibrium approach”, Review of Economic Studies, vol. 44, pp.



332 Roberto A. De Santis 

rice

 for

ois,

ts of

tion

 on

tacit

pean

uct
71-93.
Pfaffermayr, M. (1999), “Conjectural-variation models and supergames with p

competition in a differentiated product oligopoly”, Journal of Economics, vol. 70, pp.
309-326.

Rauch, J. E. (1999), “Networks versus markets in international trade”, Journal of
International Economics, vol. 48, pp. 7-35.

Reinert, K. A. and Roland-Holst, D. W. (1992), “Disaggregated Armington elasticities
the mining and manufacturing sectors”, Journal of Policy Modelling, vol. 14, pp. 631-
639.

Reinert, K. A. and Roland-Holst, D. W. (1997), “Social accounting matrices”, in Franc
J. F. and Reinert, K. A. (eds.), Applied Methods for Trade Policy Analysis: A
Handbook, Cambridge, Cambridge University Press. 

Schmalensee, R. (1989), “Industrial economics: An overview analysis”, Economic
Journal, vol. 98, pp. 643-681.

Shoven, J. B. and Whalley, J. (1972), “A general equilibrium calculation of the effec
differential taxation of income from capital in the U.S.”, Journal of Public Economics,
vol. 1, pp. 281-322.

Shoven, J. B. and Whalley, J. (1973), “General equilibrium with taxes: A computa
procedure and an existence proof”, Review of Economic Studies, vol. 40, pp. 475-490.

Shoven, J. B. and Whalley, J. (1974), “On the computation of competitive equilibrium
international markets with tariffs”, Journal of International Economics, vol. 4, pp.
341-354.

Slade, M. E. (1987), “Interfirm rivalry in a repeated game: an empirical test of 
collusion”, Journal of Industrial Economics, vol. 35, pp. 499-516.

Smith, A. and Venables, A. J. (1988), “Completing the internal market in the Euro
Community. Some industry simulations”, European Economic Review, vol. 32, pp.
1501-1525.

Tirole, J. (1988), The Theory of Industrial Organization, Cambridge, The MIT Press. 
Varian, H.R. (1992), Microeconomic Analysis, New York, W.W Norton & Company.
Yang, X. and Heijdra, B. J. (1993), Monopolistic competition and optimum prod

diversity: Comment, American Economic Review, vol. 83, pp. 295-301.
Whalley, J. (1985), Trade Liberalization Among Major World Trading Areas, Cambridge,

MIT Press.

Appendix 

*Derivation of (18)
Given (10)

(A1)
∂Di

∂d̃is

--------- Di

1 ςi⁄
d̃is

1 ςi⁄–
1

d̃it
1 ςi⁄–

( )
t s≠
∑

d̃is
1 ςi⁄–

------------------------λ+=



A Computable General Equilibrium Model for Open Economies with Imperfect...... 333

).

), as

hat

utes.
ere

ief

 turn
Since from (12) , then

(A2)

Since, by using the chain rule, , then

. (A3)

Given the symmetry assumption, (A3) and (A2) into (17) yield

(A4)

By applying similar steps at the second stage of the demand tree, then

(A5)

where . Equation (A5) into (A4) yields expression (18

• Derivation of the Price Elasticity of Aggregate Demand 

The price elasticity of aggregate demand can be derived by using (4)-(6

follows:

.

Under a Leontief specification . To show this assume t

production is undertaken by using intermediate inputs only, which are substit
Then, the intermediate demand can be written as , wh

, p is the price of intermediate goods X,  the

price of other intermediate goods, a a share parameter, and b the elasticity of

substitution among inputs. In this case, 

, which means that . Since I assume a Leont

specification between value added and intermediate inputs, which are in

Di
1 ςi⁄

d̃is
1 ςi⁄–

p̃is
d pi

d⁄=

d ln Di

d ln d̃is

-----------------
p̃is

d
d̃is⁄

pi
dDi

---------------- 1

d̃it

1 ςi⁄–
( )

t s≠
∑

d̃is
1 ςi⁄–

------------------------λ+=

∂pi
d

∂d̃is

---------
∂pi

d

∂Di

--------
∂∆ i

∂d̃is
e

---------=

d ln pi
d

d ln d̃is

-----------------
p̃is

d
d̃is

pi
dDi

------------
Di

pi
d

-----
∂pi

d

∂Di

-------- 1

d̃i t

1 ςi⁄–
( )

t s≠
∑

d̃is
1 ςi⁄–

------------------------λ+=

1
τ i

--- 1
ς i

---–=
1
ni

---- 1
ςi

---
Di

pi
d

-----
∂pi

d

∂Di

---------+
 
 
 

1 ni
d 1–( )λ+[ ]+

Di

pi
d

-----
∂pi

d

∂Di

--------- 1
ε i

--- Ψ i
1
ε i

--- 1
χ i

----– 
 +–=

χ i pi Qi⁄( ) ∂Qi ∂pi⁄( )–=

χi

∂Qi

∂pi

--------
pi

Qi

-----
pi

Qi

-----
∂Xi

∂pi

--------
∂Ci

∂pi

--------+ 
  pi

Qi

-----
∂Xi

∂pi

--------
Ci

Qi

-----+–=–=–=

∂Xi ∂pi⁄ 0=

X abp b– qbY=

q abp1 b– 1 a–( )bp1 b–+[ ]
1 1 b–( )⁄

= p

∂X ∂p⁄ babYp 1 b–– qb–= 1 ab–[
p q⁄( )1 b– ] ∂X ∂p⁄( ) 0=

b 0→
lim



334 Roberto A. De Santis 

glas
and

s and

by
mined

rofit

 in all

s

assumed to be net complements, then . Given the Cobb-Dou
utility function, the absolute value of the price elasticity of aggregate dem

reduces to .
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Expenditure equations
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