
Introduction

This article attempts empirical implementation of a real 
trade general equilibrium model using computable general 
equilibrium (CGM) methodology for a small open eco- 
nomy that includes some features related to ‘industrial 
organization’ approach to trade. Theoretical study in this 
area has been developed rapidly by the works of Helpman 
(1981, 1982), Krugman (1979, 1980, 1981) and many  
others dealing with imperfect competition, economies of 
scale, entry barriers, product differentiation and few other 
aspects of industry structure while judging costs and ben-
efits of trade liberalization. Very early works of Balassa 
(1966), Corden (1970, 1974), Eastman and Stykolt (1966) 
and Wonnacott and Wonnacott (1967) studied the role of 
scale economies and its impact on international trade and 
structure of the industry. Balassa (1966) and Grubel and 
Loyed (1975) reported that much trade takes place on  
intra-industry basis which provides solid foundation for 
inter-industry and intra-industry adjustment along with 
Hecksher–Ohlin argument of comparative cost advantage.
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Argument from Industrial Organisation (IO) standpoint 
predicts that imposition of trade barriers restrict market 
size and foreign competition promoting too many home 
firms to operate in an industry exploiting too low scale of 
production (Krugman 1994, Ch. 14). Conventional analy-
sis under perfect competition and constant return to scale 
predicts the cost of protection to be very small in the order 
of 0.5 to 2 per cent of the GDP. This empirical result is 
confirmed by Boardway and Treddnick (1978), Brown and 
Whalley (1980), Deardorff and Stern (1981), Dixon (1982), 
etc., based on the assumption of perfect competition. 
Contrary to those analyses, Balassa (1966) and Wonnacott 
(1975) reported much more higher gains from trade  
liberalization, obtained under the presence of scale econo-
mies and market imperfection than under conventional  
perfect competition based analysis.

Trade theory and industrial policies are such kind  
of economic policy which highly depends on general equi-
librium structure of the economy. While conventional  
trade theory highly depends upon Heckswer/Ohlin frame-
work, I/O approach is highly predominant towards partial 
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equilibrium framework. Theoretical works of Brander 
(1981), Helpman (1981), Krugman (1980) and Lancaster 
(1980) have been most important in this direction. Dealing 
with I/O approach to trade with empirical general equilib-
rium framework is likely to provide insightful implica-
tions. Important thing in the general equilibrium set-up of 
the open economy trade structure including I/O features  
is the assumption of inter-sectoral circular flows of com-
modities and basic factor services which is supposed to 
capture additional source of comparative cost advantage 
due to the presence of scale economy benefit along  
with other conventional sources like geographical factor 
endowment difference and technology difference.

Harris and Cox (1984) first constructed an empirical 
general equilibrium model of small open economy that 
incorporates many I/O features, seems to be important for 
an industry in a real economy such as semiconductor 
industry in the USA. and Japan (Baldwin & Krugman 
1988). Their empirical general equilibrium model followed 
the methodology used by Shoven and Whalley (1984). 
Many such works in this direction established the fact that 
empirical results of a general equilibrium analysis incorpo-
rating I/O features differs significantly from the analysis 
that does not incorporate I/O features.1 Perfectly competi-
tive structure assumed in many CGE models usually under-
states gains from trade originated from the reduction of 
trade barriers. Empirical studies of Cox and Harris (1992) 
and Brown and Stern (1989) have shown that incorporation 
of imperfectly competitive sectors within CGE framework 
leads to substantial increase of welfare gains for Canada 
from the US–Canada free trade agreement.

In Indian context, noteworthy works on CGE model-
ling, like Panda and Quizon (2001), Panda and Kumar 
(2008) and Parikh et al. (1997), did not consider market 
imperfection explicitly in their empirical general equilib-
rium analysis. Several strategic aspects like, economies of 
scale and scope, competition among firms, product differ-
entiation due to consumer’s preference for varieties may 
give rise to different trade policy implications in a general 
equilibrium framework. In this article our intention is to 
introduce market imperfection explicitly in a benchmark 
perfect competition model and study the consequent trade 
policy implications.

Social Accounting Matrix

CGE models are traditionally based on social accounting 
matrix (SAM) which is matrix representation of all  

transactions and transfers that takes place among different 
production activities, various factors of production and  
different institutions like households, corporate and gov-
ernment within the country and with respect to rest of  
the world in a particular financial year. SAM, therefore, 
defines a comprehensive framework that can depict full 
circular flow of income from production activities to factor 
service providers like households. Each row of a SAM  
represents total receipts of any account and column repre-
sents expenditure of that account. Therefore, row total  
is supposed to be equal with corresponding column total. 
An entry in the ith row and jth column represents receipts 
of ith account from the jth account. Schematic structure of 
SAM is depicted by Table 1.

A SAM is a database and extension over input/output 
matrix (I/O). Use of I/O matrix is widely accepted with the 
pioneering work of Wassily Leontief. I/O matrix however, 
does not represent interrelationship between factor value 
added and agent’s final expenditure. Extension of an I/O 
table with the introduction agent’s behaviour and institu-
tional characteristics one can get essential features of a 
SAM. This can depict entire circular flow of income much 
more effectively. Our environmental CGE model is based 
on schematic structure of SAM and for calibration of  
the model we constructed Energy/Environmental SAM  
for India for the year 2003–2004 following Saluja and 
Yadav (2006).2

Structure of Benchmark CGE Model 
under Perfect Competition

Our benchmark CGE model is based on Perfect Competition 
and constant returns to scale assumption both in commod-
ity market and factor market. Model is based on following 
assumptions.

Sectors and Agents

Following SAM for India of the year 2004 produced by 
Saluja and Yadav (2006) and Ojha (2009), Pohit et al. 
(2009) we grouped all sectors of the economy into four 
aggregated sectors, that is, (i) Primary sector consists of  
all agricultural products, minerals, primary products such 
as iron ores, crude petroleum and agro process activities; 
(ii) Secondary sector is comprised mainly of all manufac-
turing activities like, cotton and textile, plastic, rubber and 
lather products, cement, different chemical products etc.; 
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(iii) Infrastructural service consists infrastructural service 
activities like Water supply, Travel and Transport, Railway, 
Hotel and Restaurant and Construction; (iv) Other service 
sectors like education, health care services, public admin-
istration, bank and insurance, postal services etc. We  
considered four types of agents in the economy, that  
is, Household, Firm, Government and Rest of the World 
(ROW). There are four types of households, that is,  
(i) RHH-1 (Rural agricultural and other labourers),  
(ii) RHH-2 (Agricultural self-employed and other  
households), (iii) UHH-1 (Urban salaried class) and  
(iv) UHH-2 (Urban casual labour and others). All other 
countries and regions are clubbed together into ROW.

Production and Factor Inputs

We have considered two basic factors of production, that 
is, labour and capital, that take part in the production pro-
cess within which substitution is possible through Cobb–
Dauglus production technology. Each production unit 
requires intermediate inputs following fixed coefficient 
type Liontief technology.

Prices

Product prices are determined from the equality of price 
and average cost. Average cost is comprised of basic factor 
cost, cost of intermediate inputs that includes cost of energy 
inputs. Increasing returns to scale is assumed through the 
presence of fixed cost in the production units.

Household Income and Expenditure

Households are rendering factor services in terms of labour 
and capital while in return they are receiving factor pay-
ments in the form of wages and rentals. We have consid-
ered four types of household, two of them are rural type 
and other two are urban type. Household spends his income 
for consumption purposes. We have assumed linier expend-
iture system type demand function for household.

Government Income and Expenditure

Sources of income for the government are (i) direct, indi-
rect and corporate taxes, (ii) import tariff 3 and (iii) income 
from entrepreneurial activity. In the expenditure front we 

assumed government’s expenditure in any sector is exoge-
nously determined, that is, determined in the government’s 
budget and adjusted to benchmark SAM. Difference 
between government’s income and expenditure is govern-
ment’s savings.4

Investment and Savings

We considered Neo-classical type closure rule where 
investment is guided by saving. Total saving is comprised 
of (i) household saving, (ii) government saving, (iii) corpo-
rate saving and (iv) foreign savings. Total saving is  
converted to total investment.

Armington Function and Trade

International trade in our model is guided by Armington 
function. Total availability of composite commodity in the 
domestic economy is composed of domestically produced 
variety of the good demanded by the domestic people and 
foreign variety of the same good. Both types of variety are 
combined together following a Constant Elasticity of 
Substitution type preference function.

Production of Output and Transformation

Total supply of each domestic good produced using labour, 
capital and intermediate input is used up by export of  
that good and to meet up domestic demand of domestic 
variety. Both export and domestic demand of the produced 
good is combined together following CES type transforma-
tion function.

Factor Prices and Equilibrium

We consider two basic factors of production, that is, labour 
and capital. Total supply of basic factor is fixed in value 
terms and factor prices are flexible. Physical quantity of 
labour or capital may change in different simulation exper-
iments following demand and supply equilibrium mecha-
nism in the factor market. Demand for factor is originated 
from the production of goods and services.

Equilibrium in Commodity Market

In the commodity market total supply of the composite 
commodity is constituted by domestic variety as well as 
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imported foreign variety corresponds to each good. 
Demand for the composite commodity is generated from 
household consumption, government consumption expend-
iture, total investment demand and demand for intermedi-
ate input. Composite commodity price is determined from 
the demand and supply of composite commodity.

GDP and Welfare

Under perfect competition GDP has been computed  
adding all sectoral outputs. Social welfare has been of 
Cobb–Duaglus type and depends on private household 
consumption.

Inclusion of Market Imperfection  
in CGE Model

In our analysis we assumed presence of fixed cost in the 
production sector which gives rise to economics of scale at 
the firm level enabling the firms to have sufficient market 
power in respect of price setting. Firms may act coopera-
tively or non-cooperatively. In this point we have been 
restricted to non-cooperative behaviour of firms only as we 
followed Helpman and Knigman (1985)5 essentially.

The outcome of non-cooperative behaviour of firms in 
an industry depends on two factors: (i) Strategic aspects of 
non-cooperation and (ii) Condition of entry and exit in the 
industry. Most of the theoretical works on trade models 
incorporating oligopoly6 considered either output decision 
or price decision as strategic variables. In our analysis we 
followed Monopolistic Competition approach based on the 
assumption of Bertrand-type Competition where each firm 
takes rival’s price as given while taking decision over his 
own price. We also assume firms are able to differentiate 
their products such that products are not perfect substitute 
for those products of existing competitors as well as poten-
tial entrants. Here each firm is acting as monopolist facing 
downward sloping demand curve. Regarding entry we 
assumed no barriers to entry or free entry that drives profit 
to zero. This is known as Chemberlin’s ‘large group’ case 
which is quite consistent with Bertrand model.

Inclusion of Fixed Cost

We modelled fixed cost as the part of total cost which is 
invariant to output. In actual practice it is not the ‘sunk’ 
cost but a recurrent expenditure must be incurred by the 

firms in each year to carry on production process. For 
example, maintenance cost of building and construction, 
machinery, various equipments7 etc. We further assume 
certain part of the total capital cost is fixed cost which is 
independent of output. Presence of fixed cost implies, 
higher output production reduces per unit capital cost. This 
gives sufficient market power to the existing farms. 
According to our assumption scale economy is external to 
the firms but internal to the industry.8 Behavior of average 
fixed cost is represented by Figure 1.
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Above equation shows that average total cost is the sum of 
(a) Unit basic factor cost, (b) Unit intermediate input cost 
and (c) average fixed cost. Unit basic factor cost includes 
both labour and capital cost while capital cost excludes 
fixed cost.

Inclusion of Consumer’s Preference  
for Varieties

Theoretically there are two important factors that could 
comprehensively represent consumers’ preference for 
different varieties. They are (i) elasticity of substitution 
between varieties and (ii) number of varieties. Their 
inclusion into our CGE framework is as follows.

Elasticity of Substitution

We considered an indirect measure of Elasticity of 
Substitution parameter in terms of price elasticity of 

Figure 1. Falling Average Fixed Cost
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demand faced by the firms. We borrowed our social welfare 
function from Krugman (1979) that takes price elasticities 
are different across industries as we find below:

	 1 1

1 1

log log

log log

W D D

D D

i

N

i

N

i

N

i

N

1

1

2

1

3

1

4

1

1

3 4

1
1

2
2

3
3

4
4

= +

+ +

b
b

b
b

b
b

b
b

= =

= =

2

d d

d d

n n

n n

| |

| |
�  (2)

	 1 1
i

i
/b

i
-d n

Here bi is elasticity of substitution parameter for ith 
industry. Ni and Di are the number of variety and domestic 
consumption of the ith product. W is social welfare.

Krugman (1979) also pointed out that social welfare 
function (2) has nice property that with large N each firm 

will face demand elasticity = 
1

1
i

ib
i

-
= .

When number of variety is large firms do not consider 
second term and so elasticity value becomes ii. When all 

varieties are equally priced second term becomes N
1

i

ii-^ h
. 

As number of variety is large second term vanishes. In our 
analysis price elasticity of demand for ith commodity is Ep.

Here E N
1

P i
i

ii
i= +

-e o10. Now Ep value can be 

computed from our model and setting N = 1011, we can 
compute ii which determines elasticity of substitution 
parameter in each sector. From our model we calcu- 
lated price elasticity of demand for (i) Primary sector,  
(ii) Secondary sector, (iii) Infrastructure and (iv) Other 
service sector or as −0.35215, −0.2642, −0.289, −0.3107 
respectively.12

Database and Calibration

The parameters of the constructed model are then esti-
mated in conjunction with the benchmark dataset. In few 
instances, econometric estimates obtained from other 
sources have been applied for the purpose of parameter 
estimation. For example, number of varieties in the indus-
try has been considered as 10 based on certain assumption. 
Remaining parameters are chosen, such that, they are con-
sistent with the benchmark data. Here we have manipu-
lated the equations of the model, so that parameters can  
be represented as the function of the data and solved the 

equations to obtain parameter values. This process is 
known as calibration, a deterministic procedure, in which 
we get point estimates of the parameters without having 
any standard errors. Calibrated CGE model will be solved 
to check whether it can reproduce a replica of the bench-
mark data. If benchmark SAM is not regenerated during 
solve of the model, we have to respecify our model and 
reestimate the parameters until the model generates a rep-
lica of the benchmark SAM.

For the calibration of our model parameters we used 
SAM of India for the year 2003–2004 with four sectors, 
two basic factors and four types of households.13 Stepwise 
calibration process is presented in Figure 2. SAM of India 
2003–04 is represented by Tables 2 and 3. 

For the estimate of fixed cost, we assumed 10 per cent 
of the capital employed in the production process14 is 
invariant to output in each year. It indicates that, as output 
increases by 10 per cent, average capital cost will fall  

Figure 2. Flow Chart of Calibration
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by 1 per cent. For the social welfare function under imper-
fect competition, we have two determinants. First, the 
number of product variety in different sectors and second, 
elasticity of substitution between varieties corresponding 
to different sectors. For the first one we assumed, bench-
mark number of variety is 10.15 For the substitution elastic-
ity, we consider the relationship with elasticity of demand 
and using sectoral price elasticities computed from our 
model we calculated elasticity of substitution between 
varieties.16 We have solved the model using GAMS pack-
age for benchmark equilibrium. SAM is regenerated  
during the process of calibration.

Simulation Experiments

After estimating the model parameters through benchmark 
equilibrium, we performed simulation experiments to 
obtain the impacts of policy change. We have changed the 
policy parameters appropriately and solved the model  
once again to obtain counterfactual equilibrium data  
values. We made three simulation experiments related to 
trade liberalization (i) 50 per cent reduction of import tar-
iff, (ii) technological upgradation and (iii) greater foreign 
capital inflow. In order to obtain the impacts of policy 
changes, counter factual equilibrium values are compared 
with benchmark equilibrium values of the macroeconomic 
variables.

Experiment 1 Import liberalization in the presence 
of increasing returns to scale and ‘Consumers preference 
for variety’.

We liberalized trade by 50 per cent tariff reduction in 
the presence of increasing returns to scale in production 
sector and consumers preference for variety in the demand 
side and compared the result with trade liberalization  
under perfect competition. We find import increases by 
5.62 per cent as opposed to 6.81 per cent increase of import 
in case of perfect competition. Exchange rate depreciates 
by 1.748 per cent as opposed to 1.9 per cent in case of  
perfect competition. This led to reduced expansion of 
export by 4.94 per cent as opposed to 5.9 per cent in perfect 
competition. Reduced trade expansion is attributed due  
to the presence of ‘excess capacity’ in production that  
outweighs benefit from additional basis of comparative 
cost advantage, namely, ‘variety driven trade’ apart from 
factor endowment difference and technology difference. 
GDP in this process increases by 0.097 as opposed to  
0.296 per cent in perfect competition case due to the  
presence of ‘excess capacity’ in production process that 
outweighs benefit from increasing return to scale. Sectoral 

output increases in secondary sector, infrastructure and  
service sector where benefits of market imperfection like, 
increasing returns to scale and horizontal product differen-
tiation owing to comer’s preference for product variety 
could have been reaped due to the presence of ‘excess  
unutilized capacity’ in those sectors. On the contrary, agri-
cultural output could not be expanded due to capacity  
constraints like, inadequate supply of arable land, lack  
of technology adoption possibility etc. Composite com-
modity price has been reduced with lower percentage than 
under perfect competition. Sectoral changes of import 
remains similar while sectoral changes of export have been 
lower than that of under perfect competition. The number 
of product variety and consumer’s choice increases in all 
sectors excepting little reduction in infrastructural sector. 
Social welfare increases by 0.03 per cent as compared to 
0.146 per cent in case of perfect competition. Even if con-
sumers are gaining from increased product variety, there is 
some excess capacity loss in monopolistically competitive 
product market.17 This causes welfare to increase by lesser 
percentage than in perfect competition case. Mechanism  
of import liberalization is presented in Figure 3.

Under perfect competition long-run equilibrium takes 
place at the minimum point of the long run average cost 
(LAC) curve and satisfies the condition P = AC = MR = 
MC while under monopolistic competition equilibrium 

Figure 3. Major Interactions Due to Import Liberalization
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takes place at the point of tangency of the demand curve  
to the LAC curve. At this point MC = MR and AC = P, but 
P > MC. As the consequence, equilibrium price is higher 
and output is lower under monopolistic competition than 
under perfect competition.

Under monopolistic competition too many firms in  
the industry and each are producing an output less than 
optimal at a cost which is higher than minimum. In the 
Figure 4 (QIMP – QPER) depicts excess capacity present in  
the industry under imperfect competition.

Above fact explains, starting from same benchmark 
scenario, lower increase of GDP, sectoral output, trade 
expansion and sectoral composite commodity price 
reduction under imperfect completion than under perfect 
competition in response to tariff reduction. In addition to, 
increased social welfare is lower under monopolistic 
competition than under perfect competition as equilibrium 
takes place in case of the former at an output below the 
socially optimal level.

Experiment 2 Technological progress in the 
presence of increasing returns to scale and ‘Consumers 
preference for variety’.

We simulated the impact of 5 per cent technological 
progress and compared the results with perfect competi-
tion. We find in most of the cases, imperfect competition 
results map with perfect competition results with little  
dissimilarities in magnitude. Under monopolistically  
competitive market structure with increasing returns to 
scale and consumer’s preference for variety, a 5 per cent 
technical progress leads to an expansion of GDP, gross 
investment, household consumption, sectoral export and 
import and sectoral real output roughly by 5 per cent. As 
the case of perfect competition, composite commodity 

prices in the domestic market lowered down by more than 
4.5 per cent and domestic exchange rate is appreciated by 
4.86 per cent. The number of firms has been increased in 
almost all sectors.

Domestic policy towards skill formation and R&D 
promotion for ensuring technical progress may lead to 
growth of the economy in the long run. A continuous 
improvement of technology over time will increase output 
and gross investment that could expand existing capital 
stock in the next period. With higher per capita capital 
stock economy could achieve sustainable development in 
the long run.

Experiment 3 Greater foreign capital inflow in the 
presence of increasing returns to scale and ‘Consumers 
preference for variety’.

International capital mobility and integration of global 
financial markets have been emerged as many developed 
countries removed capital controls after 1970s. Developing 
country like India too adopted liberalization policies 
towards greater inflow of foreign capital in order to aug-
ment domestic savings. As in the case of perfect competi-
tion we simulate a 25 per cent increase of foreign capital 
under increasing returns to scale and consumers’ prefer-
ence for variety.

Under monopolistic competition also, foreign capital 
inflow appreciates exchange rate, increases imports and 
reduces export without much differences in magnitudes  
as compared to perfect competition case. Household  
consumption increases from increased real income as  
composite commodity prices are lowered down due to the 
competition among firms and higher capacity utilization. 
There is a small increase of number of firms in almost 
every sector.

Concluding Remarks

In this paper we studied trade policy consequences under 
market imperfection. In the present day globalized  
scenario emergence of scale economy, diverse consumer 
preference and market structure oriented industry behav-
iour give rise to the rethinking of international trade espe-
cially in the direction of intra-industry trade. Our study 
reveals that under imperfect competition, reduction of 
import tariff follows standard trade theory results, that is, 
export and import expand, exchange rate deteriorates, 
domestic sectoral output increases and composite com-
modity price falls. However, variety driven trade could not 
produce any greater domestic output, trade expansion Figure 4. Price and Output under Monopolistic Competition
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(higher volume of export and import) and gains from trade 
as compared to standard perfect competition case. This is 
probably because, increased gains from trade owing to the 
presence of third source of comparative cost advantage, 
namely, ‘Variety driven trade’ or gains from specialization 
is completely offset by excess capacity loss naturally  
present in imperfectly competitive market structures. 
Comprehensively, it could be stated that the presence of 
increasing returns to scale and imperfect competition 
although puts some insights into the basis of international 
trade; it could not alter standard trade theory results  
based on perfect competition. This striking result for the 
Indian economy might be due to fact that, intra-industry 
trade and consumers’ preference for variety, particularly 
horizontal product differentiation is not truly visible in 
large agricultural sector and informal manufacturing  
sectors where globalization and foreign investment have 
not been promoted much.

However, the practical relevance of introducing market 
imperfection, increasing returns and monopolistic compe-
tition, into the framework of trade and globalization seems 
to be noteworthy. Despite less emergence of variety driven 
trade in agrarian sectors of the Indian economy, it is very 
prominently visible in globalized service sectors and  
capital goods industries. People can freely opt for their 
chosen varieties from large number of alternatives in 
mobile computing sector, laptop and television or in the 
market of service sectors like, Insurance, Banking, 
Education and Healthcare services. Certainly this would 
provide extra welfare gain to the consumers. From the pol-
icy makers perspectives it is thus worthwhile to allow 
higher FDI in the sectors like insurance, pension funds, 
education and other service sectors. Risk and vulnerability 
associated with higher exposure to the global capital mar-
ket can be surpassed by the higher welfare gain achieved 
by the consumers belonging in a world of wide range of 
varieties and opportunities.

Appendices

Appendix 1. Mathematical Structure of the Benchmark CGE 
Model

Production Block:
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Appendix 1A. List of Endogenous Variables

Yj	 =	� Combined input used in jth activity.
Fh, j	 =	� Demand for basic input h in jth activity.
Zj	 =	� Output of jth activity.
pyj	 =	� Price of combined input in jth activity.
pfh	 =	� Price of basic input h.
pqi	 =	� Price of the ith commodity.
GINC	 =	� Total government income.
Td	 =	� Household income tax.
Tdc	 =	� Corporate tax.
TInd	 =	� Indirect tax.
pfh	 =	� Factor price of the hth factor.
FFh	 =	� Factor demand of the hth factor.
GTb	 =	� Government transfer to the bth household.
gtb	 =	� Government income share transferred to bth 

household.
Xpi,b	 =	� bth household consumption of the ith good.
Xgi	 =	� Government consumption of the ith good.
Xi, j	 =	� ith sector’s output goes to jth sector as  

intermediate input.
Xvi	 =	� ith commodity used as investment good.
pqi	 =	� Price of the ith commodity.
pei	 =	� Price of export.
Sg	 =	� Government savings.
Spb	 =	� Private savings of the bth household.
Sg	 =	� Government savings.
Sc	 =	� Corporate savings.
epsilon	 =	� Exchange rate.
hhinb	 =	� Income of the bth household.
pei	 =	� Export price of good i in domestic currency.
pmi	 =	� Imports price of good i in domestic 

currency.
pdi	 =	� Price of domestic good.
pzi	 =	� Supply price of the ith good.
pWei	 =	� World export price.
pWmi	 =	� World import price.
Ei	 =	� Export of good i.
Mi	 =	� Import of good i.
epsilon	 =	� Exchange rate.
Qi	 =	� Output composite good.
Di	 =	� Output domestic good.
UU	 =	� Social welfare function.

Appendix 1B. List of Exogenous Variables

bj	 =	� Production function shift parameter.
b j,h	 =	� Share of hth input within combined input in 

jth activity.
axi, j	 =	� Per unit requirement of ith commodity in jth 

activity as intermediate input.

(Appendix 1 continued)
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ayj	 =	� Per unit requirement of combined input in jth 
activity.

rh, b	 =	� hth factor income share of bth household.
ENT	 =	� Income of the government from entrepre-

neurial activity.
taudb	 =	� Share of total household income paid as 

income tax by bth household.
mui	 =	� Share of government expenditure on ith 

commodity.
NCAT	 =	� Net transfer to government.
Sf	 =	� Foreign savings at world prices.
lamdai	 =	� Proportion of savings converted into 

investment.
Dep	 =	� Depreciation of capital.
FFh	 =	� Total factor demand of the hth factor.
gammai	 =	� Scale parameter in Armington function.
deltadi	 =	� Share coefficient of domestic good in 

Armington function.
deltami	 =	� Share coefficient of import good in 

Armington function.
etai	 =	� Constant determining elasticity of substitu-

tion in Armington function.
thetai	 =	� Scale parameter transformation function.
xiei	 =	� Share parameter of export in transformation 

function.
xidi	 =	� Share parameter of domestic good in trans-

formation function.

phii	 =	� Constant determining elasticity of substitu-
tion in transformation function.

tind	 =	� Indirect tax rate.
taumi	 =	� Import tariff rate.
taus	 =	� Export subsidy rate.
NCUTb	 =	� Net current transfer to bth household.
tcorp	 =	� Share of corporate income to tax.
OPR	 =	� Operating profit.
IND	 =	� Interest on debt.
sop	 =	� Share of operating profit to total factor 

income.
NF1	 =	� Net labour income earned abroad.
NF2	 =	� Net capital income earned abroad.
Tpurhh	 =	� bth household purchase tax.
Tpurg	 =	� Government purchase tax.
Ting	 =	� Taxes on intermediate.
Tinv	 =	� Taxes on investment good.
Ts	 =	� Taxes on export.
tpurhhb	 =	� Share of household purchase paid as pur-

chase tax by bth household.
tpurg	 =	� Share of government purchase paid as pur-

chase tax.
ting	 =	� Share of intermediate good purchase to tax.
tinv	 =	� Share of investment to tax.
taus	 =	� Share of export paid as tax.
FCj	 =	� Fixed cost in the jth sector.

Appendix 2. Alternative Closure Rules

Table 4. Alternative Closure Rules

Government Rest of the World Saving-Investment

Gov-1
Flexible government savings, fixed  
Direct tax rates.

ROW-1
Fixed foreign saving.,
Flexible exchange rate.

S-1
Fixed capital formation,
Uniform MPS point change for selected institution.

Gov-2
Fixed government savings
Uniform direct tax rates 

ROW-2
Flexible foreign saving, fixed real 
exchange rate. 

S-2
Fixed capital formation, scaled MPS for selected 
institution.

Gov-3
Fixed government savings
Scaled direct tax for selected institution.

S-3
Flexible capital formation,
Fixed MPS for all non-governmental institutions.
S-4
Fixed investment and government consumption
absorption shares (flexible quantities)
Uniform MPS, point change for selected institution.
S-5
Fixed investment and government consumption
absorption shares. (flexible quantities) Scaled MPS 
for selected institution.
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Appendix 3. Calibrated Values of the Parameters

Table 5. Calibrated Values of the Parameters

Parameter Description Primary Secondary Infra. Service

bi (Labour) Share parameter in production function. 0.561 0.577 0.449 0.582

bi (Capital) Share parameter in production function. 0.439 0.423 0.551 0.418

bj Production function shift parameter. 1.98 1.97 1.98 1.97

ayi Composite factor requirement. 0.766 0.283 0.621 0.786

mui Government consumption share. 0.01 0.207 0.075 0.996

taumi Import tariff rate. 0.4 0.14 0.14 0.14

tindi Indirect tax rate. –0.004 0.012 0.010 0.003

gammai Scale parameter in Armington function. 1.624 1.655 1.077 1.98

deltami Share parameter of imported good. 0.29 0.285 0.171 0.186

deltadi Share parameter of domestic good. 0.710 0.715 0.829 0.814

etai Elasticity of substitution in Armington. 0.5 0.5 0.5 0.5

thetai Scale parameter in transformation func. 54980 138610 78534 63972

xiei Share parameter of export. 4.020E-7 5.41E-8 1.29E-7 2.5E-7

xidi Share parameter of  domestic good (Trans). 7.9559E-8 2.034E-8 4.77E-8 6.33E-8

phii Substitution elasticity in transformation. 1.5 1.5 1.5 1.5

Parameter Description RHH1 RHH2 UHH1 UHH2

taudb Direct tax rate. 0.018 0.41 0.017 0.190

gtb Parameter for govt. transfer. 0.189 0.413 0.365 0.048

sspb Propensity to save for households. 0.14 0.344 0.243 0.029

rb (Labour) Labour income share for households. 0.246 0.223 0.128 0.041

rb (Capital) Capital income share for households. 0.117 0.268 0.563 0.078

Source: Author’s computation.

Appendix 4. Simulation Based on Imperfectly Competitive CGE

Table 6. Simulation Experiment Results

Economic   Variable Base Run Exp-1 Exp-2 Exp-3

Macro  
Indicators

In  
` Lakhs

Imperfect 
Competition

Perfect
Comp.

Imp.
Comp.

Perfect
Comp.

Imp.
Comp.

Perfect
Comp.

GDP 4.75E+08 0.097 0.332 5.033 5.056 0.056 0.033
Gross investment 67692335 0.547 0.642 5.35 6.02 1.6 1.77
Gross consumption 462304387 –0.028 0.123 5.82 5.69 0.027 0.139
Welfare 3061.81718 0.03 0.256 0.193 5.7 0.002 0.143

External Account

Import 4.97E+07 5.62 9.24 5.39 5.53 1.324 1.4
Export 45206080 4.94 7.99 4.77 4.78 –0.92 –1.049
Exchange rate 1 1.748 2.623 –4.86 –4.88 –0.524 –0.556

Government Account

Govt. income 23776038 –10 –13.4 0.151 0.138 0.17 0.260
Govt. expenditure 40437165 –4.1 –5.377 .061 0.054 0.067 0.101
Govt. savings –16661127 –0.007 –0.093 –9.46308E–4 1.45E–04 –0.006 –0.004
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Notes

  1.	 For an example, estimated long-run gains from Canadian trade 
liberalization ranges 8–12 per cent larger than gains suggested 
by conventional method (Cox & Harris, 1983, 1984).

  2.	 In Indian context I/O table is published by Central Statistical 
Office (CSO) in every five tears gap. Saluja and Yadav (2006) 
constructed SAM for India using I/O matrix for the year 1999.

  3.	 Net indirect tax mentioned in the SAM has been classified 
into domestic indirect tax and import tariff.

  4.	 In the Indian context government savings in most of the 
cases is negative that constitute large part of country’s fiscal 
deficit. Expenditure of the government is usually determined 
in annual budget.

  5.	 Market structure and foreign trade.
  6.	 See Brander and Spencer (1985) and Brander and Krugman 

(1983) in this connection.
  7.	 Purchase cost of them is called ‘sunk’ cost as the benefit from 

them may be accrued in the subsequent years. Gross domestic 
capital formation provides an addition to the stock of fixed 
capital like building, machinery, equipments etc. 

  8.	 This implies total industry fixed cost is constant and does not 
depend on entry or exit of new firms. 

  9.	 Here pz (j) is the price of jth product, ay (j) unit requirement 
of composite input for the jth product, ax (i,j) is the unit 
requirement of the ith input for the production of jth output. 
FC (j) is the total fixed cost and Z (j) is total domestic 
production of jth output.

Economic   Variable Base Run Exp-1 Exp-2 Exp-3

Macro  
Indicators

In  
` Lakhs

Imperfect 
Competition

Perfect
Comp.

Imp.
Comp.

Perfect
Comp.

Imp.
Comp.

Perfect
Comp.

HH Consumption

RHH1 40413419 0.123 0.279 5.86 5.01 0.019 0.028
RHH2 5.44E+07 –0.3 –0.417 5.76 5.2 0.042 0.038
UHH1 3.58E+08 0.09 0.306 5.85 6.45 0.021 0.26
UHH2 9490968 0.8 0.143 5.74 5.011 0.024 0.012

Sectoral output

Primary sector 7.85E+07 –2.5 –1.8 4.956 5.33 0.114 –0.013
Secondary sector 1.91E+08 0.345 1.189 4.9 5.2 0.330 0.144
Infrastructural services 9.86E+07 0.343 1.23 5.5 5.07 –0.091 –0.078
Other services 8.47E+07 .099 –0.078 2.9 4.622 –0.070 –0.027

Composite prices

Primary sector 1 –1.523 –1.92 –4.7 –4.761 –0.082 –0.047
Secondary sector 1 –1.41 –2.08 –4.7 –4.76 –0.084 –0.025
Infrastructural services 1 –0.74 –0.88 –4.6 –4.74 0.006 0.051
Other services 1 –0.39 –0.448 –4.57 –4.752 –0.012 0.011

Sectoral Import

Primary sector 1.28E+07 19.8 19.917 5.33 5.655 1.161 1.17
Secondary sector 2.87E+07 3.38 3.101 5.33 5.568 1.454 1.5
Infrastructural services 3.33E+06 4.464 4.26 6 5.46 1.132 1.34
Other services 4.21E+06 5.33 4.54 3.58 4.95 1.064 1.24

Sectoral Export

Primary sector 2978019 1.169 2.955 4.59 5.04 –0.868 –1.1
Secondary sector 25376947 5.81 7.073 4.53 4.91 –0.613 –0.94
Infrastructural services 10605075 4.73 5.838 5.14 4.78 –1.080 –1.179
Other services 4824222 3.98 4.154 2.28 4.32 –1.09 –1.131

Number of firms

Primary sector 10 1.23 — 5 — 0.079 —
Secondary sector 10 1.12 — 4.99 — 0.082 —
Infrastructural services 10 –0.175 — –0.75 — –0.033 —
Other sector 10 0.09 — 4.85 — 0.009 —

Source: Author’s simulation.
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10.	 Considering each variety is equally priced.
11.	 We took same number of firms in each sector as 10. On an 

average competition among sellers lye within 10 varieties 
while consumer’s preferences are usually confined within, on 
an average, 10 varieties of the same product.

12.	 We get few empirical support of our price elasticity computed 
value. In case of electricity in services obtained value is −0.3, 
in case of bus transport calculated value lies between −0.232 
and −0.523.For the tobacco product price elasticity lies 
between −0.4 and −0.9.

13.	 Since the SAM of 2003–2004 is a balanced SAM and our 
intention is to empirically examine the directional movement 
of different macroeconomic variables in response to trade 
policy change, results will not be much affected only because 
of calibrating model parameters using 2003–2004 SAM 
instead of using some recent SAM.

14.	 This value can directly be obtained from SAM.
15.	 For the necessary underlying assumptions, consider imme- 

diately preceding section.
16.	 For more elaborate discussion, see the preceding sec-

tion. Price elasticities are considered for (i) Primary sector,  
(ii) Secondary sector, (iii) Infrastructure and (iv) Other  
service sector as –0.35215, –0.2642, –0.289, –0.3107, res- 
pectively. We obtained these values from various economic  
literatures on Indian economy.

17.	 In the presence of fixed cost, equilibrium does not take place 
at the minimum point of LAC.

18.	 Welfare function is taken in log linier form. In case of perfect 
competition base run welfare is 5.10E+07.E stands for 
shifting decimal place in the right side.
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