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Abstract

This technical paper documents one approach to incorporaing monopolistic competition into the
GTAP modd. In this framework, consumer preferences are heterogeneous, leading to an apparent
“love of variety” in the aggregate utility function for each region. The more heterogeneous are
preferences, the smaller the elagticity of substitution in the aggregate utility function, and the greater
the value placed on the addition of new varieties. The same is true for firms, which experience lower
unit costs for differentiated, intermediate inputs, as the number of varieties on offer increases. In
order to meet the diverse needs of consumers, and firms, producers differentiate their products
through research and development (R&D) as wdll as advertising activities. These costs are assumed
to be invariant to the total volume of sales for a given variety of product. With production occurring
at constant returns to scale, this gives rise to declining average total costs. A zero profits equilibrium
in this model is characterized by firms marking up their price over marginal costs by an amount
sufficient to cover the fixed costs associated with establishing a new variety in the marketplace.
Since the optimal markup is itself determined by the easticity of substitution among varieties, this
establishes a direct relationship between fixed costs and the degree of preference heterogeneity.

The main differences between the monopolistically competitive sectors and the traditional GTAP
sectors may be summarized as follows:

— Two new variables are introduced. n, the number of firms, and qof, output per firm.

— Minimum expenditure and unit costs are declining in n.

— Average total costs are declining in output per firm.



— Unlike the nested Armington specification, foreign and domestic firms compete directly in
the representative consumer’s utility function.

We illustrate this framework with a 2 commodity/3 region example in which we eliminate US
antidumping duties on the import of Japanese manufactured goods. This example demonstrates the
role of changing varieties in determining aggregate utility. It also highlights the importance of the
monopolistically competitive cost structure in determining the equilibrium change in output per firm.
A comparison with the standard, perfectly competitive GTAP model is aso provided.
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| ntroducing Monopolistic
Competition into the GTAP Model

1. Introduction

1.1 Background

Applied general equilibrium (AGE) models are ever more widely used in economic policy analyses.
Major clients of these modeling efforts are policy makers dealing with issues of multilateral
liberaization of internationd trade, regiona integration of economies and the consequent implications
for energy and environmental standards. Examples include the recently concluded Uruguay Round
of GATT negotiations and the North American Free Trade (NAFTA) agreement. Simulations using
AGE models have provided a vital input into these negotiations. However, the suppliers of this critical
input are not homogeneous. Applied economists have used different model structures with very
different underlying assumptions, different data sets, and various base years.

By way of example, of the five quantitative assessments of the Uruguay Round Agreement
represented in the World Bank's recent conference on this topic (MARTIN and WINTERS), three
different data bases were used. Analyses using the OECD's RUNS model (Goldin and VAN DER
MENSBRUGGHE), and the University of Michigan model (BROWN et al.), both use their own data
bases, while the other three studies (FRANCOIS et al. 1995, HARRISON et al., and HERTEL et al.) dl
use the Globa Trade Anaysis Project (GTAP) data base. Given the tremendous effort involved in
developing and maintaining a global data base, it appears likdy that most such studies will gradualy
converge on a common data base, thereby eliminating this source of difference (the OECD has
already begun to use the GTAP data base). However, there remains tremendous scope for
differences in the treatment of economic behavior in these AGE models. The three GTAP-based
studies cited above consider a variety of different assumptions regarding the treatment of investment
as well as the nature of firm behavior. It is important that users of the GTAP data base have access
to these alternative closures and behavioral assumptions, so that they can choose which is most
appropriate for the problem which they seek to address. This is one of the primary goals of the
GTAP technical paper series. FRANCOISs et al. (1996) have provided a GTAP technical on the macro
closure (investment) issue. The purpose of this technical paper is to introduce GTAP users to a
framework which permits them to treat selected sectors in the model as monopolistically competitive.



The standard implementation of the GTAP model assumes perfect competition in dl industries. Hertel
and Tsigas clearly recognize the need for a GTAP model with imperfect competition and endogenous
product differentiation:

"In sum, while we are not particularly happy with the Armington specification, it
does permit us to explain cross-hauling of similar products and to track bilateral trade
flows. We believe that, in many sectors, an imperfect competition/endogenous
product differentiation approach would be preferable. ... Clearly thisis an important
area for future work."

1.2 Motivation

A casual look at a modern market economy is sufficient to conclude that consumption and production
are complex phenomenafor the decision-makers involved. On any given visit to the supermarket, the
typical consumer! wanting to buy, say a video camera, is confronted with a myriad of products to
choose from. Note that the decision to buy a camera has already been made?, which is reflected
from the kind of retail store or department within a super market the consumer has chosen. However,
the actual type of camera chosen depends on the consumer's preferences.

With millions of consumers, it is natural to expect preferences to be rather diverse. Firms respond
to this diversity by producing differentiated products of the same good. When viewed as an aggregate
grouping, this is often termed a love of variety, even though each individua only purchases a single
type of camera. Firms in the camera industry thus have an incentive to incur fixed costs related to
R & D and marketing, in order to establish their product as differentiated -- in the eyes of the
consumer. The existence of this fixed cost makes the market for this product imperfectly competitive
on two counts: firms cannot adopt marginal cost pricing, and they do not produce a homogeneous
good; both deviations from the perfectly competitive behavior. Assuming that production occurs at
constant returns to scale, then firms experience increasing returns to scale in sales.

One of the important properties of this type of a market is that the share of total costs devoted to R
& D and marketing activities will be directly related to the degree of preference heterogeneity. The
more diverse are individua consumers, the greater the demand for variety, and the greater the scope

1 Thetypical consumer differsfromtheidiosyncraticconsumer, inthat theformerislikdy tomakedifferentchoi cesat differenttimes whilethel atter
isloyal to the product they consume.

2 Wedistinguish between levels of decision-makingand the implications for industry competition. The decision whether
or not tobuy a camerais made at a previous stage or higher level of decision-making. At this higher level, thegroup of firms
inthe cameraindustry competewith firms from a different industry, whichisinter-industrycompetition. Oncethe decision
to buy a camera has been made, the competition is among the firms within the cameraindustry, which isintra-industry
competition.



for marking up the price of the differentiated product. It is this markup over marginal cost which
allows firms to recoup the fixed costs associated with their marketing and R & D activities. Of
course, in the extreme case where preferences are completely homogeneous, there is no reason to
differentiate your product and the model collapses to one of homogeneous products/perfect
competition.

While this theory is largely developed in the context of consumer preferences, the subsequent “love
of variety" is also observed among firms, leading Ethier to apply the same approach to intermediate
inputs. Since a large share of international trade is in intermediate goods, this extension is potentially
very important. Therefore, we treat ALL sales (both intermediate and final) in a symmetric manner
with respect to product differentiation.

Having settled on this general approach to monopolistic competition, the questions that naturally

follow are then - which are the industries (sectors) that are more appropriately modeled by a
differentiated products approach? and when is it appropriate to do so? Clearly, the answers to these
are context-specific and we only make an attempt at them.

The answer to the ‘which' question follows. Since preferences are unobservable, a more practical
approach would be to go by the characteristics of the industries being modeled. This requires both
a good knowledge of the industry and the availability of good data to support quantification. We
propose to focus on industries where significant attempts at product differentiation are evidenced in
high advertising and/or R & D expenditures. This suggests including industries producing processed
foods, beverages, textiles, wearing apparel, automobiles, electricals, electronics, and other durables
but not including primary industries producing chiefly homogenous intermediate inputs such as primary
agriculture, natural resources, mining, and primary metals.

The answer to the 'when' question depends on the objective of the user. If the exercise is to address
issues such as efficiency gains, inter- and intra-industry trade patterns, impacts of economic
integration on the integrating countries, then a monopolistically competitive approach is superior, if
only because it offers the user a wider spectrum of possihilities. Also it captures two important
issues. the effects of variety on consumer utility and on potential scale economics. In a policy
scenario, these have an important bearing on welfare and resource allocation matters. It is thus
critical to embed this diversity in consumer preferences and examine its implications for trade policy
effects.

This paper is lad out in the following manner. The next section explains the theoretical foundations
for monopolistic competition. Section 3 reviews some of the existing applied trade models with
imperfect competition and shows the link with our modeling efforts here. The structure of the



Monopolistically Competitive GTAP modd, GTAPMC, is laid out in section 4. (The GEMPACK?
code for the model implementation, GTAPMC.TAB, is presented in the Appendix.) Section 5 outlines
the data requirements for introducing monopolistic competition into the GTAP model. Section 6
contains a smple example designed to illustrate a policy application using the monopolistically
competitive GTAP model. Thisis followed by our summary and conclusions.

2. Theoretical Foundations for Monopolistic
Compstition

The theoretical literature on imperfect competition is characterized by a myriad of models, ranging
from monopoly, to oligopoly, to monopolistic competition. Recent advances in industrial organization
theory have proliferated the number of oligopoly models. Theoreticaly elegant and mathematically
complex, these models are difficult to operationalize and are largely unsuitable for economy-wide
AGE models, as they require information on the nature of strategic interaction between firms in the
imperfectly competitive industry which is simply not available at the level of aggregation in most AGE
models.

Chamberlin's monopolistic competition has been widely used in AGE models. What makes this
market structure appealing, is the large group assumption which permits us to abstract from inter-firm
rivalry. The variant of the Chamberlinian model which we use was first formulated by Spence, and
Dixit and Stiglitz. They use a representative consumer as a smplifying construct whose utility
embodies the preferences of the aggregate population of consumers. The utility of the representative
consumer is defined over dl existing (and potential) products. The representative consumer
purchases some of every product available and is therefore at an interior solution. In these theoretical
studies, preferences of the representative consumer are symmetric, that is no product can be ranked
over another product, based on price. This form of product differentiation is known as the non-
address approach since there is no notion of the most preferred or less preferred product.

There are two important criticisms of this approach to modeling heterogeneous preferences. First of
dl, individua consumers tend to buy only one, or at most a few, of the differentiated products offered.
In the camera example alluded to earlier, an individual consumer buys only one camera and is at a
corner solution for al of the other camera products avalable. Is the representative consumer a vdid
aggregate description of the underlying population of heterogeneous consumers characterized by
discrete choices made by the individua? How are we to interpret this "love of variety"? What

3. GEMPACK isthe software suite used to implement the GTAP modeling framework. The equations in the model are
written in algebraic form and read in the form of a TABLO code file as input to the program.
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preference characteristics determine the all-important elasticity of substitution among varieties? In
order to answer these questions, we draw on theoretical work by Anderson, de Paima, and Thisse.

Anderson et al. begin with a specific utility function for individua consumers in the economy. This
utility function includes a quadratic penalty term for departures from the consumer's ideal variety.
The authors then make the assumption that preferences in the population at large can be represented
with the multinomial logit distribution function. In this case, the standard deviation associated with
consumers' ideal variety is given by the parameter u When . is large, then preferences are diverse,
when it is small, then preferences are homogeneous. Anderson et al. also permit the consumer to
vary the quantity of their ideal variety purchased. In particular, they adopt a specification of the utility
function which implies a unitary elasticity of demand for the chosen variety. With these assumptions,
Anderson et al. are dle to derive the consequences for aggregate, sectoral behavior of the sort we
are attempting to model here. Interestingly, they obtain the result that the aggregate demand
relationship implied by this specification is of the Constant Elasticity of Substitution (CES) form, with
the elagticity of substitution between different varieties equal to the inverse of . This provides us
with a vauable interpretation of the CES demand function: the elasticity of substitution should be
large in those cases where preferences are homogeneous, and small in those cases where
preferences for the products in question are heterogeneous.

The second problem with the Spence-Dixit-Stiglitz approach to modeling preferences has to do with
the symmetry assumption. In practice, market shares of firms supplying differentiated products vary
in ways which this smple, aggregate representation of preferences cannot explain. From the point
of view of international trade, the most striking illustration of this point is the predominance of
domestic firmsin consumer's consumption bundles. For example, in the GTAP framework, even after
complete elimination of border distortions, domestic sales are till predominant in almost al regions
(HERTEL and MCCORRISTON).

Venables has explored the theoretical implications of this preference for domestic varieties in a model
of monopolistic competition. He shows that this asymmetry trandates into additional welfare losses
when protection for differentiated products is cut and some domestic firms/varieties exit from the
industry. Thus, in order to make an accurate assessment of the welfare effects of trade policy, it is
important to take account of asymmetries in preferences. (There is also a practical motivation for
introducing these preference biases, since it is impossible to calibrae the model to observed data in
their absencel)



3. Applied GE Models with | mperfect Competition

In the last ten years, many AGE models have introduced imperfect competition, economies of scale,
and product differentiation. Harris is credited as being the pioneer in this effort. He implemented
versions of imperfectly competitive models with and without product differentiation for Canada, a
small open economy. Norman argues that the presence of imperfect competition has significant
implications for inter-industry trade patterns and welfare effects of trade liberalization. He goes on
to show that the Armington product differentiation, used to explain intra-industry trade in perfectly
competitive AGE models, does a bad job in explaining the inter-industry trade patterns and welfare
effects of trade policy in the presence of imperfect competition.

Abayasiri-Silva and Horridge have adopted a Harris-type implementation for Australia, assuming
monopolistic competition for dl sectors. However both models have assumed competitive foreign
product differentiation for the behavior of the imperfectly competitive sectors in the residual rest
of world, though recognizing the need for modeling foreign importers. Moreover, the former study
treats all sectors as monopolistically competitive for purposes of comparing different assumptions
on technology and pricing on model results. Harris treated 20 of the 29 industries as imperfectly
competitive.

A number of recent studies of the Uruguay Round have employed model variants with imperfect
competition. The main purpose of these studies was to compare the welfare gains using the model
with increasing returns to scae (IRTS) with the constant returns to scale model. Harrison et al.
reported relatively small increases in global welfare of only 3% due to incorporating scae
economies internal to the firm. In order to make a pure comparison between the two model variants,
they retain the Armington nesting structure, but introduce an additional level of nesting for dl regions
at the bottom level in the IRTS model. Thus, there are no benefits due to additional varieties.

The values of the cost disadvantage ratio (CDR), otherwise known as markups, are important for the
results generated by Harrison, et al. Of the 13 industries that are modeled with firm level economies
out of atotal of 22, the CDR ranges from alow of 3% for minerals and energy sectors to a high of
13% for processed rice. The small increases in welfare are attributed to these two factors - relatively
low CDRs and maintaining a strict IRTS regime in the imperfect competition modd. (It is not clear
how they have chosen to treat the composition of fixed costs, since in a pure IRTS model with a
standard markup pricing equation, this might have a key role to play.)

Harrison et al. choose their treatment of monopolistic competition in order to facilitate easy
comparison with existing, perfect competition, Armington-based analyses of the Uruguay Round. This
is useful in terms of understanding what these studies might be missing, but it may not be the best
way to construct a model based on the theory of monopolistic competition. We observe this tension
between maintaining consistency with earlier studies, and implementing a new theory, in a number



of other studies.* In the approach outlined below, we have opted for a sharper break with the
Armington-based models, such as GTAP.

FRANCOIS et al.(1995) provide a critical review of a number of aternative approaches to modeling
the impact of the Uruguay Round, analyzing the effects of theoretical and data structure on model
outcomes. Thirteen of the nineteen sectors are modeled as monopoligtically competitive, with CDRs
ranging from a low of 8% in the mining industry to a high of 15% in the processed food, chemicals,
transport equipment and machinery industries. In their assessment of the Round, FRANCOIS et al. use
two variants of monopolistic competition - the non-nested (globa) monopolistic competition, where
firms from different regions compete directly and the nested (regiona or nationd) monopolistic
competition where firms in each region compete with those in other regions according to an
Armington specification. The non-nested specification yields greater welfare effects than the nested
version.

Hertel and Lanclos emphasize the importance of changes in the cost structure of monopolistically
competitive firms (see also LANCLOS and HERTEL). They point out that when tariffs are cut on
intermediate inputs, there is a tendency for average variable costs to fall, relative to scale-constant,
average total costs. When production is subject to constant returns to scale, average variable costs
equal margina costs. With a constant markup, the change in marginal cost dictates price. Yet for
zero profits to apply, price must also equal average total cost. Therefore, in order to simultaneously
satisfy the markup pricing and zero profit conditions, output per firm must increase, thereby permitting
average variable costs and average total costs to move in concert. In their analysis of trade
liberdization, they find that these cost-driven changes in output per firm account for the mgority of
the welfare gains attributable to the monopolistic competition formulation.

Modeling the production structure of the imperfectly competitive industries is a rich area offering a
number of modeling choices in terms of the following issues. Are all or only a few sectors
monopoligticaly competitive? Is the sector characterized by only scale economies or both scde
economies and love of variety? What is the structure of nesting in the monopolistically competitive
sectors? |'s the product differentiation firm-based or firm-based and national? What is the nature of
the markup pricing equations? What is the composition of the fixed costs? And finaly, are both
inputs and outputs differentiated?

Further progress in the application of this theory will hinge on finding appropriate answers to each
of the questions for the particular industry under consideration.

4. We find it useful to model a plausible monopoalistically competitive model and then proceed to make a perfectly
competitive variant of thisto allow for a straight forward comparison between the two. We do this by eiminating the
variety effect on utility/cost functionsas well as the scale effect. The former is achieved by rewriting the derived demand
equations to resemble the perfectly competitive model and the latter by fixing the output per firm.
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4.  Structure of the Monopolistically Competitive
GTAP Model, GTAPMC

This section provides a detailed description of the monopolistically competitive structure underlying
the model. We refer to version 2.2a of the GTAP model (GTAP94.TAB) as the standard model,
which is characterized by perfectly competitive industries. We build on the standard model and
therefore assume afair amount of familiarity with its structure on part of the user. This allows usto
focus on features that have been added and on those that have been modified. The changes to
notation, to accommodate the new data and model features, have been kept to a minimum.

Adopting the Chamberlinian theory of monopolistic competition introduces two new concepts to the
model - economies of scae and differentiated products. Modeling these involve substantive
modifications to the behavioral assumptions made for dl agentsin the economy - firmsin the different
industries, private household, and government.

4.1 Demand Structure

We retain the Cobb-Douglas functional form for the regional household's utility function and the
government's utility function as well as the Constant Difference Elasticity of substitution (CDE) utility
structure of the private household. The sub-utility function for composite commodities is the most
appropriate level in the utility tree to incorporate the differentiated products.

Before we describe the specification of the agent-specific demand functions, some discussion on the
treatment of "foreign" versus "domestic' commodities is warranted. In the standard model,
homogeneous commodities are produced by perfectly competitive industries in each region. Due to
the Armington assumption, an ad hoc product differentiation scheme is made possible based on the
geographical origin of the homogeneous commodity (national product differentiation).

The same physical commodity produced in different regions are imperfect substitutes in the demand
for a composite imported commodity. The quantity index resulting from the consumption/usage of
imports from different sources is termed the composite import. In turn, the composite import, devoid
of its geographica origins, imperfectly substitutes for the domestically produced commodity. Thus,
sourced imports do not directly compete with the domestic commodity. Also, imports arenot sourced
directly to the agents. The composite import commaodity, formed at the border, is demanded by al the
agents in the economy.

When firms within the same region produce differentiated products, the geographic origin of a
product becomes an issue of lesser importance. In fact, the characteristics of the product that



differentiate it from another product produced in the same region is what is striking. Consumers are
often unaware of where a product originates, though they are aware of the 'brand name'. In many
instances, even if the educated consumer cares about the geographic origin of the commodity they
are buying, there is no distinct national identity for a vast number of cases. Individual components are
often sourced from many different countries, and the site of assembly for a given product may
change from one year to the next.

Consider the case of a personal computer - with the mouse made in Malaysia, the keyboard
assembled in Mexico using USA-made components, the monitor made in Taiwan, and the Intel chip
itself made in the USA. One is hard put to identify the national origin of such a good! Rather, a
consumer finds herself choosing between a Compag, a Del, or a Packard Bell personal computer.
This is aso the case with textiles and clothing, software products, processed foods, pharmaceuticals,
and the list goes on. Therefore, in our opinion, it makes little sense to leave the import-domestic
distinction for monopolistically competitive industries producing differentiated products. We thus let
imported varieties compete directly with domestic varieties in a non-nested fashion.

This has many implications. First, we cannot afford to lose the geographic origin of the imported
product at the border because this corresponds to a particular set of firms in the exporting region.
If thenumber of firmsin this region increases, sot too will the varietal index associated with that flow.
We must retain the origin of the foreign product until we source it to the agent. We must source
imports to agents just as we source domestic products to the various agents in the economy. This
involves a fundamental change in data structure. We explain in the data requirements section the
procedure used to obtain this new structure from the standard GTAP data base.

One important aspect of this new structure is reflected in the price linkages. The modified price
linkages, due to the sourcing of imports by agents, are defined for all tradeable commodities and
shown in figure 1. The price linkages relating to the endowment commodities remain the same as in
the standard model. Note that the price definitions do not discriminate between domestic prices or
import prices. For example, PP(i,r,s), the private household price for the sourced commodity, in
GTAPMC, replaces PPD(i,r) - private household price for domestics and PPM(i,r) - private
household price for composite imports, in the standard model. The market price of commodity i in
region r, PM(i,r), would thus equal PPS(i,r,s), for r = s, when r is a single country region, and tax
on private household demand is zero.® Similarly, PGS(i,r,s) and PF(i,r,j,s) replace PGD(i,r) and
PGM(i,r) and PFD(i,j,r) and PFM(i,j,s) respectively. It is useful to introduce the modified price-
guantity-value notation here. Figure 2 tracks the disposition of sales, indicating the associated price
concepts and the corresponding value flows.

5. This equality between PM(i,r) and PPS(i,r,s) may not hold for intra-regional saleswhenr isacomposite region. The
data requirements section contains more discussion on this.



The second, and more serious implication, is a very practical one in terms of modeling. Sourcing of
imports has introduced an extra dimension into the demands of dl agents, as evidenced from the
price concepts discussed above. The extra dimensionality causes a dramatic increase in model size® -
the number of variables to be solved for and the number of equations to determine them - as the
number of regions increases.

We first explain the modifications made to the private household utility/expenditure structure. We will
then briefly explain changes made to the specification of government demand and intermediate input
demands by industries.

4.1.1 Private Household Utility

In the representative consumer approach, an aggregate utility function is used to represent the
consumption of all varieties”. To capture the effect of variety on utility, the average consumer's utility
is defined over the quantities of the different varieties consumed and the total number of varieties
consumed. The sub-utility function in the levels® is thus given by,

Yi,s = sum{r, Ni,r * Ql’rys(o(i)-l)/c(i) }c(i)/(u(i-l) (1)

where, Y, is the sub-utility derived by the representative consumer in region s from the consumption
of commodity i, Q,,, is the quantity consumed by the representative consumer in region s of a
representative product of commodity i produced in region r, N, is the number of varieties of i
producedinr, and o(i) > 1listhe positive, constant elasticity of substitution between the differentiated
products of i. To relate to the bilateral trade data among regions, we assume that all firms in any
given region, r,

6. The data requirements section gives some hints on how model size may be reduced before attempting to solveit.

7. Varieties and products are used interchangesbly.

8. For purposes of clarity, we derive new or modified equations using generic notation in the'Demand' sub- section. The
generic notation is applicable todl agents. Webeginthe derivation fromthelevels form. In the final step of the derivation,
we trandate the generic notation to agent-specific, GTAP notation and write it in linearized form as found in the

implementation of the TAB file.
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charge the same price, and furthermore, that firms are active in any region s, where sales from
I appear.

Maximizing the sub-utility subject to the budget constraint yields the derived demand for a product
of i from sourcerr,

Qi,r,s = Yi,s / [ IDi,r,s / Zi,s ]U(i) (2)
where, Z , the expenditure spent on | varieties of commodity i in's, is given by

Zi S = sum{ r’ Ni r * IDI I’S(l-c(i))} (:Ul_c(i)) (3)
and P, istheunit price of a product of i inssourced fromr.

Equation (2) must be modified so as to define the aggregate derived demand for differentiated
products originating from source r. Lacking information on the number, sze, composition, and saes
data of firms in the monopoalistically competitive industry, we are forced to impose symmetry here.
Total derived demand for all products of i sourced from r is thus given by

Qi,r,s* Ni,r = Ni,r * Yi,s/ [ I:)i,r,s/ Zi,s]O(i) (4)
Totally differentiating the aggregate derived demand function given in (4) we have,®
qi,r,s + ni,r = r]i,r + yi,s - 0(') * [ n,r,s - Z|s] (4I)

(4) is the linearized representation of the aggregate derived demand equation in generic notation. To
derive the linearized representation of the price index equation, we begin by totally differentiating (3),

zs=sumir, 6, . * pd - [1/[a(i) - 1]] * sum{r, B, * n} (3)

where 0, , the expenditure share of dl varieties of commodity i originating from source r in total
expenditure on all varieties from all sources, in region s, is given by

ei,r,s = Ni,r * [Pi,r,s/ Zi,s ](1'U(i)) (5)

The expenditure shares, 0, , can be expressed in an dternative manner that is more transparent.
Rewriting (2),

Qi,r,s/ Yi,s = [ Pi,r,s/ Zi,s ]-U(i)
Multiplying both sides by the ratio of P;,  to Z,

[ Qi,r,s/ Yi,s]*[ I:)i,r,s/ Zi,s] = [ I:)i,r,s/ Zi,s]-u(i) * [ F)i,r,s/ Z|s]

9. Lower casel etersdencateperoantagechangesinthecorresponding upper casevaiales Thusx= [ dX/X] * 100givesthepercentage change
inX.
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Rearranging terms,
[Qus* Pusl/[Yis* Zs1 =[P/ Z]*0
Multiplying both sidesby N,
Ny, * [Qus* Pis] /[ Yis* Z 1= N, * [P/ Z]%0
O,s =[N ™ Q™ Pus1 /[ Yis™ Z] (6)

We can thus express 0, in terms of the data base, where the numerator is the expenditure on all
varieties of i originating from source r, and the denominator is the aggregate expenditure on i in
region s (total expenditure on all varieties of i originating from all sources consumed/used). The actual
computation of 6, for the different agentsis as follows (see al'so figure 2):

Private Household:

PTHETA(i , r, s)

VPAS(i,r,s)/sum{t, REG VPAS(i,t,s)}

Government:
GTHETA(i, r, s)
Firmsin industry j:

VGAS(i,r,s)/sun{t, REG VGAS(i,t,s)}

FTHETA(i ,r,j,s) = VFAS(i,r,j,s)/sun{t, REG VFAS(i,t,j,s)}

VPAS(i,r,s) is the Vaue of Private household expenditure in region s, at Agents' prices by Source.
Note that VPAS(i,r,s) gives the total expenditure on dl products of i originating from r, but no
breakdown per product per region is available. From (1), it can be seen that the effect of additional
variety on utility is positive. As the number of varieties of a differentiated commodity increases, the
sub-utility derived from their consumption increases, even if the quantity consumed remains the same.
Also from (3), we see that additional variety has a negative effect on unit expenditure. At constant
prices, an increase in the number of vearieties |lowers the amount of expenditure necessary to attain
aunit of utility.

The linearized forms of the derived demand and price index equations now have to be related to the
agent-specific equations in GTAPMC.TAB. The private household's demand for differentiated
products of commodity i are given by a set of three linearized equations.

Private Household's Demand for Differentiated Products

The derived demand by the private household in region sfor the differentiated products of commodity
i sourced from r, qdfps(i,r,s), is determined by

EQUATI ON PHLDSRCDF

I Private HouseholLD demand for SouRCed Di Fferentiated commodity !
(all,i,MMOW_COW) (all,r,REG (all,s, REGQ
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qdfps(i,r,s) =ap(i,s) +n(i,r) - SIQWA(i) * [pps(i,r,s) - pp(i,s)] ;
Equation PHLDSRCDF relates to (4') above. qdfps(i,r,s) thus depends on the sub-utility derived by
the private household in s from the consumption of differentiated products, gp(i,s), number of
products of i produced inr, n(i,r), private household's price of the sourced differentiated product of
i produced in r, pps(i,r,s), and the unit expenditure of the private household in region s on commodity
i, pp(i,9).

Private Household's Composite Price Index for Differentiated Product
The composite price index for differentiated products facing the private household in region s, pp(i,s),
is computed by

EQUATI ON PHLDDFCOVPR

I Private HouseholLD PRice for D Fferentiated COWosite comodity. !

(all,i, MCOW_COW) (al | ,'s, REG

pp(i,s) = sum{r, REG PTHETA(i,r,s) * pps(i,r,s)} - {U[SIGWA(i) - 1]} * vp(i,Ss)
Equation PHLDDFCOMPR relates to (3') above. pp(i,s) thus depends on the price to the private
household in s for differentiated product i sourced from r, pps(i,r,s), the number of varieties of i
produced in r, n(i,r), and the budget share of differentiated products from source r in the total

expenditure on commodity i, PTHETA(,r,s).

Private Household Varietal Index for Differentiated Products
The private household's index measuring the availability of varieties of commodity i, vp(i,s), is given

by
EQUATI ON PHLDVARI N

I Private HousehoLD VAR ety | Ndex. !

(all,i, MCOVP_COMM (al |, s, REG

vp(i,s) = sun{r, REG PTHETA(i,r,s) * n(i,r)} ;

Equation PHLDVARIN shows that the varieta index rises with an increase in the number of
varieties produced in aregion or with an increase in the budget share of aregion.

The utility structure for the consumption of differentiated products by the private household is shown
in panel A of figure 3. The sub-utility derived from the consumption of commodity i by the private
household in region s, QP(i,s), is a function of the quantities demanded by the private household of
differentiated products of i sourced from region r, QDFPS(i,r,s), the number of differentiated
products of i producedinr, N(i,r), and the easticity of substitution between differentiated products
of i, SSGMA(i). This substitution parameter is also the perceived demand elasticity of the firm
producing the differentiated product. More about this parameter in the section on production
structure.
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Private Household's Derived Demand Undifferentiated Commodity
The derived demand by the private household in region sfor the undifferentiated commodity i sourced

from r, ghmps(i,r,s), is given by

EQUATI ON PHLDSRCPC
I Private HouseholLD demand for SouRCed Perfectly Conpetitive comodity
(all,i,PCOVMP_COMW) (all,r, REG (all,s, REG
ghnps(i,r,s) = DELTA(r,s) * {qp(i,s) + ESUBD(i) * [pp(i,s) - pps(i,s,s)]}
+ [1 - DELTA(r,s)] * {qgpn(i,s) + ESUBMi)
* [ppn(i,s) - pps(i,r,s)]} ;

Figure 3.A Utility Structure,i € MCOMP_COMM, r, s€ REG
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Figure 3.B Utility Structure, i € PCOMP_COMM, r, s € REG
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Equation PHLDSRCPC combines two different equations - IMPORTDEMAND(,r,s) and
PHHLDDOM(i,s) - in the standard model due to the sourcing of imports by agents and the
consequent change in notation. This is made possible using the Kronecker delta, DELTA(r,s) = 1 for
r = s, and O otherwise, to specify ghmps(i,r,s). The first term in this equation computes the derived
demand for the commodity sourced from within the same region (which includes domestically
produced commodity and intra-regional imports)?°, and the second term computes the derived demand
for sourced imports of commodity i.

Panel B of figure 3 shows the utility structure for the consumption of undifferentiated products by
the private household. The sub-utility structure retains the Armington nesting and the import-domestic
distinction is also maintained. Note that the sourced imports are assembled into a composite import
by each agent in the economy, here the private household.

10. The treatment of intra-regional imports and domestic sales is discussed in the data requirements section.
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4.1.2 Government Utility

The derivation of government consumption equations is analogous to that for the private household.
New equations - GOVSRCDF, GOVDFCOMPR, and GOVVARIN - are introduced to represent
the demand for differentiated products analogous to the private household.

4.1.3 Intermediate | nput Demands

Industry derived demand equations for intermediate inputs are four dimensional. The extra dimension
for this agent indexes the industry making the input purchases. Firms aso have heterogeneous needs.
Production costs are lowered if the number of input varieties increases, at constant input prices.
Considering the huge volume of trade in intermediate inputs, this approach is potentially important.
Firms are thus treated symmetrically and the derivation of industry demand equations for intermediate
inputs - INDSRCDF, INDDFCOMPR, and INDVARIN - is analogous to the derivation of the
demand equations for the private household. The demand for sourced differentiated products of
intermediate inputs in the production structure is shown in panel A of figure 4. Panel B in the same
figure shows the demand for undifferentiated sourced intermediate inputs in the production structure.
Note that it is the nature of the intermediate input that determines the specification of the derived
demand equations regardless of the industry or agent demanding it.

4.2 Production Structure

The production structure characterizing the firms in the monopolisticaly competitive industry is
discussed below. We assume that the modeler can specify a priori which industries are perfectly
competitive and which are monopoligticaly competitive. The monopolisticaly competitive industry is
characterized by scale economies internal to the firm and firms producing differentiated products.
Products are sad to be differentiated when they are imperfect substitutes in demand, athough
produced by firms within the same industry. A point to note here is that if an industry j is
monopolistically competitive in a region r, then so it isin al other regions modeled. Again, due to the
lack of data on firms' sales, we are forced to assume that firms producing differentiated products in
any region are symmetric. This allows us to use industry level data, cost shares, quantities etc. to
describe the behavior of the representative firm. The representative firm is thus a scaled down
version of the industry as a whole. The firm specific conceptsinclude output per firm and fixed costs.
For convenience, we will use the notation used in the model in deriving the markup, cost, and firm
output equations.

4.2.1 Firmsand Varieties

A firm producing in the monopoligtically competitive industry incurs fixed costs to produce a
differentiated product. It is appedling to treat the fixed component of costs as arising due to research

and development expenditures incurred by the firm to produce a new product as well as marketing

and advertisement costs incurred on atificialy differentiating an otherwise homogeneous product.

There is a one-to-one mapping between varieties and firms. Due to this smplifying assumption, the
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number of varieties produced is equa to the number of firms in the industry. This fdls out of our
assumptions that (@) each firm produces only one product (the complexity of the model and
calibration procedures is vastly increased if we have firms producing multiple varieties necessitating
a different pricing rule for each variety) (SMITH and VENABLES), and (b) any given product is
produced by no more than one firm (a firm about to enter the industry would aways do better by
producing a new product rather than duplicating an existing one). The key thing to note here is that
firms producing differentiated products are trying to capture a "niche" in the product space.

4.2.2 Fixed Costs, Markups and Output per Firm
Firms seeking to enter the monopoligtically competitive industry require a set of fixed inputs
comprising marketing and R&D outlays. In addition, variable inputs are regiored to produce the
differentiated product. Vaiable inputs are combined according to a constant returns to scale
technology. Average variable cost, AVC, is thus equal to the constant margina costof production,
MC. Economies of scale (increasing returns to scale) in sales result due to the fixed component of
total costswhichisitself unaffected by production level. With free entry, unit output price, P, is equal
to the total unit cost of production or the average total cost, ATC.

P=ATC=AVC + AFC )

Markup Pricing

From (2), the own price easticity of demand for a firm producing differentiated products is -a(j)
which is the negative of the eadticity of substitution between differentiated products of commaodity
j. Due to the Chamberlinian large group assumption, the cross price elasticity of demand is zero. -o(j)
is thus the perceived demand dasticity faced by a firm in the monopolistically competitive industry

]

Figure 4.A Intermediate Input Nest, j € PROD_COMM, i € MCOMP_COMM, r, s € REG
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Figure 4.B Intermediate Input Nest, j e PROD_COMM, i € PCOMP_COMM, r,s € REG
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A profit maximizing firm equalizes margina revenue, MR, with marginal cost. The following equation
gives the marginal revenue on the left hand side, where PS(j,s) gives the output price of a firm
producing in the monopolistically competitive industry j in region s.

PS(j,s) * [1-[1/0(j)]] =MC (j,s) = AVC(,9) (8)
MARKUP(,9) = PS(j,s) / AVC(.9) = [0()/[o(j) - 1]] > 1, for o(j) > 1 (9)

The monopolistically competitive firm thus marks up its output price above average variable cost, by
the amount of the markup, MARKUP(j,s). The markup decreases with the easticity of substitution,
a(j). Note that the markup is a constant due to the assumption of a constant elasticity of substitution
between varieties in consumption/usage, in the Dixit-Stiglitz tradition. Totally differentiating (9) yields,

markup(j,s) = ps(j,s) - avc(j,s) =0 (99

According to (9, PS(j,s) rises proportionately with AVC(j,s). The markup equation determines the
output level of the firm, QOF(j,s), which, when multiplied by W(j,s), yields industry output, QO(j,S).
QOF(j,s) is therefore, the complementary variable for the markup pricing equation. In order to be
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able to fix the firm's output level, we introduce a slack variable, mkupslack(j,s), which absorbs the
difference between price and variable costs. The associated MKUPRICE equation is:

EQUATI ON MKUPRI CE
I Markup pricing (wth constant narkup). !
(all,j, MOW_COW) (al I, s, REG

ps(j,s) = avc(j,s) + nkupslack(j,s) ;

Average Variable Cost, and Scale Constant Average Total Cost

Owing to entry/exit, industry total revenue equds total costsin this model. Total costs are composed
of intermediate and primary input costs. Vaue added output, VA(j,s), is equal to the sum of primary
input costs (see also figure 5).

VOA(,9 = sum{i,TRAD_COMM, VFA(i j,9)} (10)

+ sum{i, ENDW_COMM, VFA(j,9)}
VOA(,9 = sum{i,TRAD_COMM, VFA(i,j.9} + VA(.,9 (11)

We make an important assumption that al fixed costs are made up of primary factor costs and that
variable costs are composed of both primary factor and intermediate input costs. The fixed overhead
associated with producing new products such as the salaries of engineers engaged in R & D activities
and of marketing staff involved in advertising and the capital required to build the R & D labs are thus

primary factor costs.** Furthermore, we assume that fixed and variable value-added components
have

1111. Brown studied the effects on firm output of tariffs in a monopolistically competitive industry, using different
assumptions on factor intensity in this industry. She discusses the importance of this effect on average total costs.
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Figure 5.A Total Output and Vaue-Added Nests, j € PCGDS_COMM, s € REG
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Figure 5.B Tota Output and Vaue-Added Nests, j ¢ MCOMP_COMM, s € REG
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the same primary factor intensities. These two assumptions are open to criticism. Our contention is
that the composition of fixed costs must be dictated by a knowledge of the industries in question
where data is avalable. Varying capital-labor intensities across the fixed and variable cost
components requires moreindustry-specific data to do the actual split. In other cases, it should be the
discretion of the modeler to adopt some sensible ad hoc rule that is transparent and lends itsdf to

easy anaysis and simple interpretation.

Total value added costs are therefore split into two components - variable value added, VAV(,s), and

fixed value added, VAF(j,s). (See also figure 5.).

VOA(,9 = sum{i, TRAD_COMM, VFA(i,j,9} + VAV(j,9 + VAF(,9 (12)



Variable costs, VC(j,s) and fixed costs, FC(j,s) are thus equal to
VC(,9) = sum{i,TRAD_COMM, VFA(i j,9)} + VAV(],9) (13)

= sumf{i,TRAD_COMM, PF(i,j,9)* QF(i,j,9)} + PVA(j,9)*QVAV(],9)
FC(j,s) = VAF(,s) = PVA(j,9*QVAF(,9) (14)

AVC(j,s) is determined by equation AVERAGEVC. This is derived by total differentiation of (13)
and using the envelope theorem (when dl quantity changes are zero in the neighborhood of an
optimum).

VC(j,9)*avc(j,s) =sum{i,TRAD_COMM, VFA(i,},9*pf(i,j,9} + VAV(j,9)*pva(,s) (13)
EQUATI ON AVERAGEVC

I AVERACE Vari abl e Cost !

(all,j, MOW_COW) (al |, s, REG

vC(j,s) * avc(j,s) = sun(i, TRAD COM  VFA(i,j,s) * pf(i,j,s)) +
VAV(j,s) * pva(j,s)

Fixed costs are invariant to firm output level and varigble costs rise linearly with output, at constant
input prices. In other words, average variable cost is invariant to output level but average fixed cost
varies with output and with fixed input prices. From (13) we see that average variable cost is just
a function of the variable input prices. However, changes in a firm's average total cost (which is
output price as well, under zero profits) can arise from two sources: a.) change in firm's output,
gof(j,s), given constant prices of dl inputs, and b.) change in one or more of the input prices, at
constant firm output level.

We calculate the change in average total cost that is attributable only to changes in al input prices
as the scale constant average total cost, scatc(j,s), by holding the level of output per firm (scale)
constant. To derive scale constant average total costs, we begin from the total cost equation in (11).
Totally differentiating it and using the envel ope theorem,

VOA(j,9)* scatc(j,s) = sun{i,TRAD_COMM, VFA(i,j,9)*pf(i,j,9)}
+ VA(j,9*pva(,s) (11)

The variable scatc(j,s) is determined by equation SCLCONATC.

EQUATI ON SCLCONATC

I Average Total Cost at CONstant SCale. !

(all,j, MOW_COW) (al |, s, REG

VQA(j,s) * scatc(j,s) = sun(i, TRAD COW VFA(i,j,s) * pf(i,j,s))
+ VA(j,s) * pva(j,s) ;
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4.2.3 Industry Profits and Number of Firms

Perhaps the most distinguishing feature of the monopolistically competitive model isthe endogeneity
of the number of firms owing to the possibility of entry and exit of firms into/from the industry, in
order to satisfy the zero profit condition. We follow the more common approach first taken by Harris
in allowing the number of firms to be near continuous®.

Zero Profits

The change in output price must equa the change in average total cost to earn zero profits in
equilibrium. The change in average total cost now includes changes in all arguments. To derive the
zero profit equation we start from equation (11).

VOAC(},9) = sum{i,TRAD_COMM, VFA(i,j,9} + VA(,9
PS(j,9)* QO(j,s) =sum{i,TRAD_COMM, PHi,j,9)* QF(i,j,9)} + PVA(j,9*QVA(,S)
Totally differentiating this (using the envelope theorem result) we have,

VOA(},9)*ps(j,s) = sun{i,TRAD_COMM, VFA(ij,9)*pf(i,j,9)}
+ VA(j,9)*pva(j,s) - VAF(j,9)*qof(j,s)

Substituting (11" on the right hand side, we have,
VOA(,9)*ps(j,9) = VOA(j,s)*scatc(j,s) - VAF(j,9)*qof(j,s)

A slack variable, zpislack(j,s) is introduced in this equation to let firms earn positive profits in the
short run®, Under certain closure assumptions we fix the number of firms in an industry by alowing
Zpislack(j,s) to be non-zero. This allows existing firms to earn positive profits when output expansion
occurs.

EQUATI ON MZERCPRCFI TS

IZERO pure PRCFAITS condition for firms in the Mnopolistically
conmpetitive industry!

(all,j, MOW_COW) (al |, s, REG

VOA(j,s) * ps(j,s) = VOA(j,s) * scatc(j,s) - VAR(j,s) * qof(j,s)
+ zpislack(j,s);

Note that both equations SCLCONATC and MZEROPROFITS are derived from the same total cost
equation given in (11). There lies acritical difference between the two. In getting to SCLCONATC,

1212. Mercenier and Schmitt reported extreme complexity inthe computation of aninteger number of firmsin equilibrium.

1313. The medium andlongrun cases are characterized by entry/exit and firms make zero profits. However, the long run
is not very meaningful in acomparative static model in the absence of factor accumulation.
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we dlow only the prices of dl inputs to vary, holding the scale of the firm's operation constant,
whereas in getting to MZEROPROFITS, we allow all arguments to vary.

The presence of fixed costs creates a wedge between price and marginal costs, which is equal to the
markup. However, the subtle point to note is that price and average total cost will not move in tandem
since average variable cost and average total cost are separated by a wedge that decreases
(increases) with increase (decrease) in output per firm.

4.2.4 Industry Output
Industry output in sector j of region s, QO(],S), is the product of a number of symmetric firms, N(j,s),
and the output of the representative firm in the industry, QOF(j,s).

QO(,s) = N(j,s) * QOK(j,s)
Totally differentiating this we have,
qo(,s) = n(,s) + qof(j.s)
Industry output is computed by equation INDOUTPUT.

EQUATI ON | NDQUTPUT

I INDustry QUTPUT in the nonopolistically conpetitive industry !
(all,j, MOW_COW) (al |, s, REG
qo(j,s) = qof(j,s) + n(j,s) ;

If industry output were to increase purely due to an increase in firm output level with no change in
the number of firms, we have a decline in average total cost of production. On the other hand, if
industry output does not change but there is exit of firms from the industry, output per firm rises and
we have a rationalization of the industry due to the decline in the fixed costs and the average cost
of production.

4.2.5 Industry Derived Demands

The industry exhibits derived demands for both primary factors and intermediate inputs. The derived
demand for intermediate inputs has already been covered in the sub-section on ‘Intermediate Input
Demands'. The derived demand equations for primary factors in the output of composite value-added,
ENDWDEMAND(j,s) are left unmodified. However, unlike the perfectly competitive industry, the
monopolistically competitive firms now have derived demands for both fixed and variable inputs.

Fixed, Variable, and Total Value Added

The demand for fixed value-added is directly proportiona to the number of firms. The more
differentiated an industry is, the more resources are devoted to fixed costs. The existence of fixed
costs in the monopolistically competitive industry is viewed as the "economic cost" of differentiating
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products. The economic benefit stems from the demand side due to a negative effect on the unit
expenditure/cost function, as discussed in the sub-section on '‘Demand Structure. This is key to
industry rationalization effects that will be explained in the results section.

EQUATI ON VAFDENVAND

! Monopol i stically conpetitive i ndustry DEMAND for Fi xed
Val ue- Added!
(all,j, MOW_COW) (al |, s, REG

qvaf(j,s) =n(j,s) ;

The derived demand for the variable value-added (and intermediate) inputs is directly proportional
to the industry output since we retain the Leontief production structure for the total output nest.

EQUATI ON VAVDENVAND

! nonopol i stically conpetitive i ndustry DEMAND for Vari abl e
Val ue- Added. !
(all,j, MOW_COW) (al |, s, REG

qvav(j,s) = qo(j,s) ;
The demand for total value-added in the industry producing differentiated products is a sum of the
fixed and variable components.

EQUATI ON VATOT

! nonopol i stically conpetitive i ndustry denmand for t ot al
Val ue- Added !
(all,j, MOW_COW) (al |, s, REG

qva(j,s) = [VAV(j,s)/VA(j,s)] * aqvav(j,s) + [VAR(j,s)/VA(j,s)]
*qvaf(j,s) ;

5. Data Requirements

To implement the monopolistically competitive GTAP model, we have to work with a data base
whose structure is fundamentaly different than the standard GTAP data base. This requires that the
new GTAP data base - the sets (GTAPSETS), the data (GTAPDATA), and the parameters
(GTAPPARM) files - be compatible with the monopolistically competitive model, GTAPMC, outlined
in the previous section. We explain in this section the procedures used in transforming the standard
GTAP data base. The associated files, in electronic form, are in the ZIP file associated with the
paper (MCOMP.ZIP)
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5.1 Transformation of the Sets File

Three new sets have to be added to the standard GTAPSETS file. We implement this by modifying
the standard sets file, using the GEMPACK program MODHAR?™. The new sets are:

MCOMP_COMM Monopolisticaly competitive commodities
PCOMP_COMM Perfectly competitive commodities
PCGDS COMM Perfectly competitive and capita goods commaodities

All the elements of the set of tradable commodities, TRAD_COMM, in the standard sets file are
classified as either monopolistically competitive or perfectly competitive, such that MCOMP_COMM
and PCOMP_COMM are mutually exclusive sets All the perfectly competitive commodities and
capital goods (investment), CGDS _COMM, are classified as PCGDS_COMM. It follows that,

MCOMP_COMM U PCOMP_ COMM = TRAD_COMM, and
PCOMP_COMM U CGDS_COMM = PCGDS_COMM

5.2 Transformation of the Parameters File

In the parameters file, ESUBD(i) and ESUBM(i) should now index only the st PCOMP_COMM.
The array elements corresponding to the elements that are not in PCOMP_COMM should be
deleted. Care should be exercised to preserve the ordering of the elements in each array. The
ordering should match the order in which the elements are defined. We introduce SIGMA(i), indexed
over MCOMP_COMM, as a new array in this file. The modified parameters file is best created by
hand editing the standard parameters file.

5.3 Transformation of the Data File

The data program, DATMCV3.TAB, transforms the standard GTAP data base to a monopolisticaly
competitive GTAP data base. The three main steps in this process are - sourcing of imports valued
at market prices by agents, deriving the value of these flows at agents' prices, and deriving trade
data. The data program copies the following data (stored under headers with the same name in the
data file) from the input data set to the output data set without any changes - EVOA, EVFA, VFM,
VST, SAVE, VDEP, VKB, VAD, VTA, VMFA, VPU, VVER, VXT, and URVT.

1414. AnaternativetoM ODHAR would betodirectly definethe new setsinthe model file. This requires hard codingthe
elements of these new setsin the TAB file. We prefer the MODHAR approach to keep track of changes independent of
the model file.
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5.3.1 Sourcing of Imports Valued at Importer's Market Prices by Agents, VPMS(ir,s),
VGMS(i,r,s), and VFMS(i,r j,s)

The consumption of aggregate imports of i by the private household in sis given by VIPM(i,s) in the
standard data base. We define the market share of source r in the total imports of i by region s,
MSHRS(,r,s), and use it to source out the aggregate imports consumed by the agent. This yields the
consumption of imports of i from sourcer by the private household in region s, VPMS(i,r,s), valued
at market prices.

When the source region, r, is the same as the destination region, s, we have the case of intra-regiona
imports, usudly associated with a margin. But MSHRS(i,r,s) could be zero if r is a single-country
GTAP region. When sourcing out to the same region, we must include domestic sales that are
already sourced. Thus VPMS(i,s,s) includes VDPM(i,s). Therefore, when r = s, domestic sales and
intra- regional imports get blended. This procedure is extended to industry and government demands
to yidd VFMS(i,r,j,s) and VGMS(i r,s).

As aresult of this transformation, agents domestic and import demands are replaced by sourced
demands, dl valued at market prices. Thus, VPMYi,r,s) replaces VDPM(i,s) and VIPM(i,s),
VGMS(i,r,s) replaces VDGM(i,s) and VIGM(i,s), and VFMS(i,r,j,s) replaces VDFM(,j,s) and
VIFM(i j,s)-

5.3.2 Deriving the Value of the Sourced Demands at Agents' Prices, VPAS(i,r,s), VGAS(i,r,s),
and VFAS(i,rj,s)

We define the power of the average (ad valorem) tax on total demand by an agent as the ratio of
total demand valued at agents' prices to the total demand valued at market prices. Thus, the power
of the average tax on the demand for i by the private household in s, TP(i,s), is the ratio of the sum
of VIPA(i,s) and VDPA(i,s) to the sum of VIPM(i,s) and VDPM(i,s). This average tax, TP(i,s),
multiplied by the sourced demand at market prices, VPMS(i,r,s), yields the value of the sourced
demand at agents' prices, VPAS(i,r,s). This procedure is extended to government and industry
demands to yield VGAY(i,r,s) and VFAS(i rj,S).

Consequently, agents' domestic and import demands are replaced by sourced demands, dl valued at
agents prices. Thus, VPAYir,s) replaces VDPA(i,s) and VIPA(i,s), VGAYir,s) replaces
VDGA(i,s) and VIGA(i,s), and VFAS(i,r,j,s) replaces VDFA(i,j,s) and VIFA(i,j,s).

5.3.3 Deriving Trade Data

Basicdly, the bilateral trade matrices (fob and cif) do not undergo much transformation. "Exports"
and "imports" are renamed as "sales’ and "demands" respectively and the notation is changed to
reflect this. Therefore, VXMD(i,r,s), VXWD(i,r,s), VIWSir,s), and VIMSi,r,s) are renamed as
VAMD(i,r,s), VOND(i r,9), VDWSi,r,s), and VDMS(i,r,s) respectively. For r = § we need to take
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account of domestic sales as well, to ensure market equilibrium. The sum of domestic sales to all
agents of commodity i in region s, VDM(i,s), evaluated at market prices, is therefore added to
VSMD(i,s,s) and is carried forward through the system. This procedure is justified on the grounds
that there are hardly any consumption/usage taxes on domestic demands. Where domestic sales are
very large relative to intraregiona trade, we note that this will dilute the distortion, if any, on intra
regiona trade. The protection data (export or import tax revenues/subsidy costs) by instrument do
not undergo any change either.

5.4 Checkson the Transformed Data Base

DATMCV3 performs two checks on the new data set it creates - non-negativity of variable value
added costs and balancing conditions.

Non negativity of Variable Vaue Added Costs

Fixed costs are made up of primary factor costs as aluded to earlier in the discussion on production
structure. Vdue added costs, VA(j,s), are split into variable, VAV(j,s), and fixed value added,
VAF(j,s) [see (12) above]. Fixed costs are thus equal to VAF(],s) [see (14) above]. The perceived
demand elasticity determines the share of fixed costsin total costs, in the Dixit-Stiglitz tradition. From
(8) it follows that fixed costs are comprised of [1/ o(j)] portion of total costs.

(all,i, TRAD. COM) (al |, r, REG

VAF(i,r) = VOA(i,r) * {1 - [1/ MARKUP(i,r)]} ;
Once fixed costs are calibrated in this manner, variable value added is aresidual in total value added.

(all,i, TRAD OO (al | , r, REQ

VAV(i,r) = VA(i,r) - VAF(i,r)
(all,i, TRAD COW) (al |, r, REG
CHK_VAVPCOS(i,r) = IF{ [VA(i,r) - VAFR(i,r)] >0, 1} ;
The coefficient CHK_VAVPOS(i,r) checks that fixed value added does not exceed total value added
costs, for a given SIGMA(i ). Thisis a check to warn of those industries that might be characterized
by an extremely low expenditure on value-added relative to total output. If this coefficient returns a
"0" (which is its default) for a given SIGMAC(i), then it is problematic to classify that industry i in
region r, as monopolistically competitive. Either it must be reclassified, or the value of SIGMA (i) must
be increased. The data program thus serves as a useful precursor to the model.

Check Balancing Conditions of the New Data Set
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We also check the balancing conditions on the newly created data set after it gets written. These
include the standard accounting relationships that are checked for the standard data base in the
program GTAPCHK.TAB.

5.5 Implementation of the GTAPMC Mode

Due to the increased size of the model, it becomes necessary to perform a condensation of the model
before implementing it. This procedure effectively reduces the model size and reduces the
computation time. The condensation operation must be modified depending on the closure chosen by
the user.

6. Policy Application

The objective of this policy application using the monopoalistically competitive formulation outlined
above is to show the effects of introducing economies of scae and product differentiation into the
GTAP model. We explain the strategic aggregation used, the experimental design adopted, and the
results of the simulations conducted.

6.1 Strategic Aggregation

We illustrate the monopoligtically competitive GTAP model with a simple, unilatera trade policy
liberalization experiment. For this purpose, we have aggregated the version 3 GTAP global data base
into 2 tradable commodities and 3 regions (2x3). We have kept the size of the model small to ad in
exposition of the results.

The three regions are Japan (JPN), United States (USA), and the Rest of World (ROW). The two
tradable commodities are manufacturing (MNFG) and non-manufacturing (nonMNFG). This
aggregation is referred to as "3P-MC", where 3P denotes version 3 prerelease and MC denotes
monopolistic competition. This aggregated 2x3 data set is then transformed into a form that is
compatible with the monopoligtically competitive model using the data transformation program,
DATMCV3.TAB, discussed in the previous section and outlined in Appendix B. The sets file is aso
modified to include the new sets. We treat manufacturing as the monopolistically competitive sector
and non-manufacturing as the perfectly competitive sector. Thus, MNFG ¢ MCOMP_COMM and
nonMNFG € PCOMP_COMM.
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6.2 Experimental Design

We carry out a trade policy liberalization experiment whereby the USA region eliminates the
antidumping duty on its manufacturing imports from JPN, leaving the tariffs in place. This policy
change is implemented as a shock to the variable denoting the (percentage change in the) power of
the overall import tariff on U.S. imports of Japanese manufacturing products, tms(MNFG,JPN,USA).
The initial wedge between the border price of imports, PCIF(MNFG,JPN,USA) and the import
market price, PMS(MNFG,JPN,USA) is such that TMS(MNFG,JPN,USA) = 1.2189. This comprises
a 17.8% antidumping duty and a 4.09% tariff. Therefore, elimination of the antidumping duties
amount to a shock of tms(MNFG,JPN,USA) =[-0.178/1.2189] * 100 % = -14.6%. This same shock
isused in al experiments.

In the base experiment we adopt the standard closure. In the remaining three experiments we adopt
different closures. In the second experiment, we drop the markup pricing equation and fix the output
per firm, gof(MNFG,r). This is designed to isolate the industry rationaization effects occurring due
to output expansion, also termed the scale effect. In the third experiment we drop the zero profit
condition and fix the number of varieties, ((MNFG,r). This isolates the industry rationalization effects
occurring due to exit of firms. This is known as the variety effect. The final experiment is designed
to mimic a perfectly competitive model and hence uses a dightly different model file. It eliminates
both the variety and scale effects by fixing qof and eiminating n. However, the industry ill makes
zero profits. This is made possible by restoring the perfectly competitive structure to the derived
demand and price index equations.

6.3 Resaults

The results of the four experiments are presented in table 1. The direct effect of the policy change
is seen as a 12.58% reduction in the USA market price of manufacturing products sourced from
Japan, pms(MNFG,JPN,USA). This reduction is smaller than the reduction in the power of the
import tariff because of a 2.37% rise in the cif price of imports. The market price of Japanese
manufacturing products sold in ROW rise by 2.34%. The benefits from a decline in the price of global
shipping services by 0.87% accrue to the US and ROW and not to Japan which experiences the full
impact of the rise in the price of manufacturing products, pm(MNFG,JPN) by 2.53%. The change
in the market price in the region of origin mirrors the change in the supply price, which will be
explained via changes in the industry cost structure.

In order to meet the increased demand for Japanese manufactures, industry output of manufacturing
products, go(MNFG,JPN) increases by 0.53%. Of course, this displaces demand for US and ROW
products in the US market, leading to a 0.39% decline in total US output and a 0.07% decline in the
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ROW region. The increased output in Japan is sold to the US, with the quantity of bilaterd sdes
increasing by 89.07%. This dramatic increase causes the price of Japanese manufactures to rise, as
seen above. This permits some of the increase in net supply to the US to be met by diverting sales
from the domestic and ROW markets, where the quantity of Japanese manufactures sold actually
declines. Interestingly enough, despite decreased overal output, the US actualy increases its sales
to Japan and ROW by 32.02% and 9.53% respectively. This is due to the cost reduction experienced
by US exporters relying on imported Japanese intermediate inputs. As expected, however, US firms
sl less domestically, and this effect dominates, leading to an overall decline in output. In sum, the
removal of US antidumpting duties on Japanese imports does a great deal to stimulate intra-industry
trade. Aggregate exports from Japan rising by gxw(MNFG,JPN) = 13.18%, and US exports of
manufactures increasing by 11.69%. Overal, the volume of global trade rises by 4.5%, with a 5.9%
increase in manufactures and a 2% increase in world non-manufactures trade.

Up to this point, we have only discussed industry-wide variables. These are common across all
sectors, whether or not they are monopolistically competitive. However, the key feature of the
monopoligticaly competitive sectors is that they also incorporate information about changes in the
number of varieties on offer, as well as changes in output per firm. Together, these explain the
change in industry output. However, there is no reason why dl three of these variables must move
in the same direction. Indeed, we find this not to be the case in the present example. Our strategy
for analysis will be as follows. We first explain the change in output per firm, as dictated by the
changes in cost structure flowing from the removal of antidumping duties. We then observe the
change in number of varieties/firms as the difference between the change in industry output and the
change in output per firm. If output per firm rises by more than total output, then some firms must
exit the industry in order to satisfy the equilibrium conditions.

In the standard closure, mkupslack(j,s) is exogenous, so that firmsin the industry mark up margina
cost by to determine their optimal price. Hence, price and average variable cost move by the same
proportion.

ps(j,s) = avc(j,s)

Also, we have from the zero profits equation,

ps(j,s) = scatc(j,s) - [ VAF(j,s) / VOA(,s) ] * qof(j,s)
Thus, we can solve for qof(j,s) as,

qof(j,s) =[ VAF(,s) / VOA(j,s) ]* * {scatc(j,s) - avc(j,s)}

Thus, per firm output changes as scale constant average total cost and average variable cost change
at differing rates. An increase in the price of a primary factor or an intermediate input increases both
scatc(.) and avc(.), but not at the same rate.

In the case of Japan, removal of the antidumping duties faced by its products causes a general
appreciation in the relative price of its non-tradeable, primary factors. This has the effect of bringing
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the economy back into externa balance, following the increase in demand for its exports. It does so
by raising the cost of Japanese products. Of course, the extent to which various cost indices go up
will depend on their primary factor intensity. Since fixed costs are assumed to be entirely made up
of primary factors, and since firms have the option of importing intermediate inputs. average total
costs tend to rise more than average variable costs. Specifically, in the case of Japanese
manufactures, the variable scatc(.) rises faster than avc(.) because price index of value-added
increases by 3.19% but that of intermediates by less than 2.5%. Value-added matters more for
scatc than avc. Thus, avc rises by 2.53% and scatc rises more, by 2.66%. As a consequence, qof(.)
must increase. As it happens, the increase of qof = 0.74% exceeds the increase in total Japanese
manufacturing output, so firms exit the industry, and n = -0.22%.

In the case of ROW, qof(.) Fallsfor the opposite reason of that in Japan. For this region, thereis a
decline in demand for the manufacturing exports, as they are displaced by Japan in the US market.
For this reason, primary factor prices must fal, relative to imported inputs. This causes scatc to fdl
more rgpidly than avc so that gof also falls, in this case by -0.023%. This reinforces a decline in the
number of firms, so that overall output falls by -0.07%.

In the US, the forces operating on qof(.) are more complex. The decline in demand for US products
lowers the relative price of US primary factors, relative to tradeables in general. However, US
manufacturers also import a significant share of their inputs from Japan. The cost of these inputs falls
when antidumping duties are removed. As we can see from the results, this latter effect is strong
enough to outweigh the real exchange rate effect and avc fals more than does scatc and qgof rises.
Thisis a somewhat striking effect, in light of the overdl contraction in output in this sector. Therefore
the number of firms must fall more than does aggregate output.

In order to understand the welfare effects of this experiment, it is useful to begin with the changein
real GDP, ggdp. With fixed endowments, the only way to produce a greater volume of goods and
services is to allocate existing resources more efficiently. This could involve moving factors from
relatively lightly to heavily taxed sectors, or it could involve increasing output per firm in industries
with scale economies. The latter effect is dominant in this experiment, with ggdp increasing in USA
and JPN, and decreasing in ROW. Another determinant of welfare is what happens to the variety
of goods available for consumption. Since the number of firms falls in al regions, this is clearly
negative. Finaly, it is useful to consider the impact which removal of antidumping duties has on the
regional terms of trade. Here, there is a significant shift in favor of Japan, with the TOT declining for
USA and ROW. The combination of these three factors gives rise to a decline in utility in USA and
ROW, with utility increasing substantialy in Japan (EV = $41,585mill.).

Findly, it isuseful to consider the impact of fixing output per firm and varieties. These results are aso
reported in table 1. It is clear that the largest impact is generated by the change in output per firm.
When this component is fixed (and the markup equation eiminated), we break the link between cost
structure and optimal scale. Consequently, aggregate output in Japanese manufacturing rises by much
less, and the welfare gain is moderated.



Table 1. Percentage Changes in Key Endogenous Variables

Base Case Scele Effect? Variety Effect” Scaleand Variet Effect®
JPN USA ROW JPN USA ROW JPN USA ROW JPN USA ROW

Industry Output

Manufacturing, qo(MNFG,s) 0.53 -0.39 -0.07 0.32 -0.41 -0.06 0.46 -0.49 -0.10 0.34 -0.44 -0.07

Non-Manufacturing, qo(MNFG,s) -0.06 0.12 0.02 -0.12 0.11 0.02 -0.09 0.08 0.01 -0.12 0.12 0.02

Investment Goods, qo(CGDS,s) 0.23 0.11 0.17 0.21 0.11 0.16 0.22 0.11 0.17 0.21 0.11 0.16
Output per Firm, qof(MNFG,s) 0.74 010  -0.02 0 0 0 046  -049  -0.10 0 0 0
Number of Varieties, ((MNFG,s) -0.22 -0.49 -0.05 0.32 -0.41 -0.06 0 0 0 0.34 -0.44 -0.07
Output Price of Manufacturing, ps(MNFG,s) 2.53 -2.45 -0.83 2.66 -2.44 -0.84 254 -2.39 -0.85 2.62 -2.37 -0.83
Average Variable Cost, avc(MNFG,s) 2.53 -2.45 -0.83 2.54 -2.45 -0.84 2.54 -2.39 -0.85 2.50 -2.40 -0.83
Scale Constant Average Total Cost, scatc(MNFG,s) 2.66 -2.44 -0.83 2.66 -2.44 -0.84 2.67 -2.36 -0.85 2.62 -2.37 -0.83
Real GDP, qgdp(s) 026 015  -0.03 023 015  -03 025 014  -0.03 019 018  -0.02
Terms of Trade, tot(s) 3.07 -241 -0.50 3.12 -2.42 -0.52 3.07 -2.33 -0.54 3.07 -2.35 -0.54
Utility, u(s) 1.32 -0.26 -0.12 1.30 -0.26 -0.12 131 -0.26 -0.13 1.24 -0.21 -0.11
Equivaent Variation, EV(s) in $ billion 41.59 -13.84 -14.61 -41.06 -13.93 -14.64 41.36 -13.76 -15.22 39.13 -11.26 -13.63

@ Qutput per firm, qof(j,r), exogenous
® Number of firms, n(j,r), exogenous

¢ Qutput per firm exogenous and effect of variety on utility/cost functions eliminated
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Appendix: GTAPMC.TAB

! d obal Trade Anal ysis Project !
! The GTAP Mbdel i ng Franewor k !
! GTAPMC Version 1 !
! June 1996 !

! Version 1 June 1996 Used in Advanced Course in dobal Trade Anal ysis
June 1996
GTAPMC is t he Monopol i stically Conpetitive GTAP nodel t hat incorporates
nonopol i stic conpetition -- product differentiation and economes of scale -- into

user-specified sectors. This allows the nodeler to analyze the effects of product
variety on utility/cost structure and the consequent inplications for welfare and
resource al | ocation i ssues. Thi s is an ext ensi on to t he standard GTAP
nmodel (GTAP94. TAB, Version 2.2a, August 1995). !

! Model Docunent ati on !

Ext ended Mbdel :

1. Swanminathan, P.V. and T.W Hertel "Introducing Monopolistic Competition into the
GTAP Model ," GTAP Technical Paper No. 6, Center for Gobal Trade Analysis, Purdue
Uni versity, West Lafayette, IN 47907, USA

St andard Model :
2. Hertel, T.W and ME Tsigas "Structure of the Standard GTAP Mbdel ", Chapter 2 in

T.W Hertel (editor) dobal Trade Analysis: Mddeling and Applications, Canbridge
Uni versity Press, 1996.

36



* Data Transformati on Program DATMCV3. TAB

DATMCV3 is the data program associated with GIAPMC.TAB. It reads in any st andard

version 3 GIAP data base that is conpatible with the standard nodel, GTAP94. TAB,

wites a nonopolistically conpetitive data base ~conpatible with this nodel ,
GTAPMC. TAB. DATMCV3 rmakes certain assunptions in order to transform the standard

data base. It also checks the accounting identities on the transfornmed data base.

* the standard sets and paraneters file also need to be nodified
[ See docunentation #1 for this]

* Data Check Program CHK_MC. TAB

GTAPMC. TAB displays all the coefficients, shares, and checks on the accounting
identities. CHK MC.TAB is the data check program analogous to GIAPCHK TAB for
standard nodel . GTAPMC. TAB contains essentially the sane code as found
CHK_MC. TAB.

* Set Maxi mum Si ze: 10x10

The set sizes are set for a 10x10 aggregation (nmaximum of 10 tradable comodi ties
and 10 regions) in this file. The set sizes for the new sets, MCOwP_COW  and
PCOW_COW are 2 and 8 respectively. The set sizes have to be edited when the size

of the aggregati on changes.

file!

*ok ok ok ok |

GTAPSETS # set specification # ;
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GTAPDATA # base data # ;
(text) GTAPPARM # behavi oral paraneters # ;

REG # regions in the nodel # nmaxi num size 10
read elements fromfile GIAPSETS header "HL"

TRAD COW # traded comodities # nmaxi mum size 10
read elements fromfile GIAPSETS header "H2"

NSAV_COW # non-savi ngs commodi ti es # naxi num si ze 14
read elenents fromfile GIAPSETS header "H3"

DEMD COW # dermanded commodi ties # maxi mum si ze 13
read elenents fromfile GIAPSETS header "H4"

PROD COW # produced commodities # maxi mum size 11
read elenents fromfile GIAPSETS header "H5"

ENDW COW # endowrent commodities # maxi mum size 3
read el enents fromfile GIAPSETS header "H6"

ENDWS_COW # sl uggi sh endownent conmmodities # maxi mum size 3
read elements fromfile GIAPSETS header "H7"

ENDWM COW # nobi | e endowrent commodi ties # maxi num size 3
read elements fromfile GIAPSETS header "H8"

CGDS_COW # capital goods commodities # maxi num size 1
read elenents fromfile GIAPSETS header "H9"

MCOWP_COW # mnonopol i stically competitive commodities # maxi mum size 2
read elenents fromfile GIAPSETS header "H10"

PCOVP_COW # perfectly conpetitive comodities # maxi mum size 8
read elenents fromfile GIAPSETS header "H11"

PCGEDS_COW # perfectly conpetitive and cgds comodities # naxi mumsize 9
read el enents fromfile GIAPSETS header "H12"
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ENDWC_COW # capi tal endownent conmmodity #

(capital)

| o o o e o o e e o o e e e e e e e e e e e e e e e e e e e e eeeeeeao -

! Subset s

| o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e m e ———— =

subset !

kAR kAR |

PROD COW is subset of NSAV_COW ;

DEMD_COMWM is subset of NSAV_COW ;

TRAD COW is subset of DEMD COW ;

TRAD COMW is subset of PROD COW ;

CE@S_COW is subset of PROD_ COW ;

PCEDS COW i s subset of PROD_COW ;

PCOVP_COW i s subset of TRAD COW ;

MCOVP_COW i s subset of TRAD COW ;

ENDW COW is subset of DEMD COW ;

ENDWS_COW i s subset of ENDW COW ;

ENDWM COW i s subset of ENDW COW ;

ENDWC_COW i s subset of NSAV_COW ;

o

! Vari abl es

| o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e m =

! Variables are divided into six groups -- quantities, prices, technical change,
policies (tax/subsdiy "wedges"), incone and wutility, and finally slack variables.
In GEMPACK, variables refer to those itens which will be changing endogenously wth

each solution. They are assigned |lower case labels to denote the fact that they are

percentage changes. (This is purely for convenience, since GEMPACK is not
sensitive.) !

vari able !

*kkhkkkkkkk*k|

I 1. Quantity Variables

(all,i,NSAV_COW (al |, r, REG
qo(i,r) # Quantity of industry Qutput of commodity i in regionr #

(all,i, TRAD COW) (all,r,REQ (al |, s, REG
gs(i,r,s) # Quantity of Sales of commodity i fromsource r to destination s #
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(all,i, TRAD COM) (al |, r, REG

gst(i,r) # Quantity of Sales of i fromr to international Transport sector #

(all,i, ENDWs_COW) (all,j, PRCD_ COW (all, r, REG
qoes(i,j,r) # Quantity of Sluggish Endownent i supplied to sector j inr #

(all,i, ENDW.COW) (all,j, PROD_ COMW) (al |, r, REG

gfe(i,j,r) # Quantity of Endowrent i demanded by Firns in sector j inr #

(all,j,PROD.COW (all,r, REG
gva(j,r) # Quantity of Val ue-Added demanded in industry j of region r #

(all,i, TRAD COW) (all,j,PRCD_ COW (all, r, REQ

qf (i,j,r) # Quantity of composite comodity i demanded by Firns inj inr #
(all,i,PCOWP_COMW) (all,r,REGQ (all,j, PROD COW (all, s, REG

ghnfs(i,r,j,s) # Quantity of Sourced HoMbgeneous i demby Firns inj ins #

(all,i,MOWP_COW (all,r,REG (all,j,PROD COW (all,s, REG
qdffs(i,r,j,s) # Quantity of Sourced D Fferentiated input i demby Firns inj # ;

(all,i,PCOW_COW) (all,j, PROD_COW (all, s, REQ
qfm(i,j,s) # Quantity of conposite i Mports of i demanded by Firms inj in s #

(all,i,McOWP_COW) (al |, r, REG
gvaf (i,r) # Quantity of Fixed Val ue- Added denmanded by firnms ini inr #

(all,i,McOWP_COW) (all,r, REG

gvav(i,r) # Quantity of Variable Val ue- Added demanded by firns ini inr #
(all,i, MOW_COW (all,j,PROD COW (all,r, REG

vi(i,j,r) # nunber of Varieties of i available to Firms inj inr #
(all,i,MMOW_COW (all, r, REG

qof (i,r) # Quantity of Qutput per Firmin industry i of regionr #
(all,i,McOW_COW) (all,r, REG

n(i,r) # Nunber of firnms active in industry i of regionr #
(all,i, TRAD COW) (al |, r, REQ

qpe(i,r) # Quantity of conposite commodity i demanded by Private hhld inr #

(all,i,PCOWP_COW) (all,r, REG (all,s, REG
ghnps(i,r,s) # Quantity of Sourced HoMbogeneous commi demby Pvt hhld in s #

(all,i, MCOWP_COW) (al |, r, REG (al |, s, REG)
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qdfps(i,r,s) # Quantity of Sourced Di Fferentiated coomi demby Pvt hhid in s # ;
(all,i,PCOW_COW) (al |, s, REG
gpm(i,s) # Quantity of conposite iMorts of i denmanded by Private hhlid in s #

(all,i, MOW_COW) (al |, r, REG
vp(i,r) # nunber of Varieties of i available to Private household inr #

(all,i, TRAD. COW) (al |, r, REG
qg(i,r) # Quantity of conposite comodity i denmanded by Governnent inr #

(all,i,PCOW_COW) (all,r,REG (all,s, REG
ghngs(i,r,s) # Quantity of Sourced HoMbgeneous commi dem by Governnment in s #

(all,i,McOWP_COW) (all,r,REGQ (all,s, REQ
qdfgs(i,r,s) # Quantity of Sourced Di Fferentiated conmi demby Govt in s #

(all,i,PCOVW_COW (al |, s, REG
qgnm(i,s) # Quantity of conposite i Morts of i demanded by Government in s #

(all,i,McOW_COW) (all, r, REG
vg(i,r) # nunmber of Varieties of i available to Governnent in region r #

(all,r, REG

qgcgds(r) # Quantity of output of investment sector, CGDS in region r #
(all,r, REG

gsave(r) # Quantity of net SAVings denanded in regionr #

(all,r, REG

ksvces(r) # quantity of capital services available in regionr #
(all,r, REG

kb(r) # Beginning-of-period capital stock in regionr #
(all,r, REG

ke(r) # End-of-period capital stock in regionr #

gl obal cgds # G.OBal supply of capital goods for NET investnent #

qt # Quantity of Transportation (global shipping) services provided #
(all,r, REG
pop(r) # POPulation in region r #

wal ras_dem # denand in the omtted narket - gl obal denmand for savings #
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wal ras_sup # supply in the onmtted nmarket - gl obal supply of cgds conposite #
(all,r, REG
qgdp(r) # CGDP Quantity index in regionr #

(all,i, TRAD COW (al |, r, REG
gxw(i,r) # Quantity of aggregate eXports of i fromr at Wrld (fob) prices #

(all,i, TRAD COW) (al |, s, REQ
qgiwi,s) # Quantity of aggregate Inports of i by s at Wrld (cif) prices #

(all,r, REG
gxwreg(r) # Quantity of aggregate eXports by REGon r at Wrld (fob) prices #

(all,r, REG
giweg(r) # Quantity of aggregate Inports by REGon r at Wrld (cif) prices #

(all,i, TRAD_COW)
gxweon(i) # Quantity of aggregate eXports of COvrodity i at World (cif) prices #

(all,i, TRAD COW)
giwcon(i) # Quantity of aggregate Inports of COvodity i at World (cif) prices # ;
gxwn d # Quantity index of WrLD eXports at World (fob) prices #

(all,i, TRAD COW)
qow(i) # Quantity index of World Qutput of commodity i #

1 2. Price Variabl es

(all,i,NSAV_cow) (all, r, REQ
ps(i,r) # Supply Price of commodity i in region r #

(all,i, ENDNs_COW) (all,j, PROD COW) (all,r, REG
pres(i,j,r) # Market Price of Sluggi sh Endownent i used by industry j inr #

(all,i, TRAD COMV) (al | ,j, PROD_COM) (al |, r, REG

pf(i,j,r) # demand Price of commodity i for Firms in industry j inr #

(all,i, ENDWCOM) (al | ,j, PROD_ COM) (al | , r, REG

pfe(i,j,r) # denand Price of Endownent i for Firms in industry j inr #

(all,j,PROD.COW) (all,r, REG
pva(j,r) # Price of Value-Added in industry j inregionr #
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(all,i, TRAD COMW) (al |, r,REQ (al | ,j, PROD_COW) (al |, s, REG
pfs(i,r,j,s) # demand Price of i by Source for Firnms in industry j in s #

(all,i,PCOW_COW) (all,j, PROD_COW (all, s, REQ
pfm(i,j,s) # demand Price of conposite iMorts of i for Firms inj ins #

(all,i,McOWP_COW) (al |, r, REG
avc(i,r) # Average Variable Cost of production in industry i in regionr #

(all,i,MOW_COW) (al |, r, REG

scatc(i,r) # Average Total Cost at Constant Scale in industry i in region r #
(all,i, TRAD COW) (al |, r, REG

pp(i,r) # demand Price of conposite commodity i for Private household inr #

(all,i,PCOVW_COW (al |, s, REG

ppn(i,s) # demand Price of conposite i Morts of i for Private household in s #
(all,i, TRAD COW) (all,r,REQ (al |, s, REG

pps(i,r,s) # demand Price of i by source for Private household in region s #

(all,r, REG
ppriv(r) # Price index for PRI Vate househol d expenditures in region r #

(all,i, TRAD COM) (al |, r, REG

pg(i,r) # demand Price of conposite commodity i for Government in regionr #

(all,i,PCOVW_COW) (all,s, REG
pgn(i,s) # demand Price of conposite iMorts of i for Government in s #

(all,i, TRAD COW) (all,r,REG (all,s, REG
pgs(i,r,s) # demand Price of i by Source for Governnent in region s #

(all,r, REG

pgov(r) # Price index for GOVernment expenditures in region r #
(all,i,NSAV_cow) (all, r, REQ

pm(i,r) # Market Price of commodity i in region r #

(all,i, TRAD COW) (all,r, REQ (all, s, REG
pms(i,r,s) # Market Price of conposite i Morts of i by Source in region s #

(all,i, TRAD COW) (al |, r,REG (al |, s, REG
pfob(i,r,s) # FOB world Price of commodity i supplied fromr to s #
! i.e., prior to incorporation of transportation margin !
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(all,i, TRAD. COW) (all,r,REG (all, s, REG
pcif(i,r,s) # CF world Price of coomodity i supplied fromr to s #
I i.e., subsequent to incorporation of transportation margin !

pt # Price of Transportation (global shipping) services provided #

(all,r, REG
rental (r) # RENTAL rate on capital stock in regionr = ps("capital",r) #

(all,r, REG

rorc(r) # Qurrent net Rate O Return on capital stock in regionr #
(all,r, REG

rore(r) # Expected net Rate O Return on capital stock in regionr #

rorg # Aobal net Rate O Return on capital stock #
psave # Price of capital goods supplied to SAVErs #

(all,r, REG
pcgds(r) # Price of investnent goods in region r

ps("cgds",r) #

(all,r, REG
pswr) # Price index of tradables Sold by region r at Wrrld (fob) prices #
I Note: this includes sales of net investment inr !
(all,r, REG
pdwr) # Price index of tradables Denanded by region r at Wrld (cif) prices #
! Note: this includes purchases of net savings in region r !
(all,r, REG
tot(r) # Terns O Trade for region r: tot(r) = psw(r) - pdw(r) #
(all,r, REG
pgdp(r) # GDP Price index in regionr #

(all,i, TRAD COW) (al |, r, REQ

pxw(i,r) # Price index for aggregate eXports of i fromr at Wrld (fob) prices # ;
(all,i, TRAD COW) (al |, r, REG

piwi,r) # Price index for aggregate Inports i by r at Wrld (cif) prices #
(all,r, REG

pxweg(r) # Price index of aggregate eXports by REGon r at Wrld (fob) prices # ;
(all,r, REG

piweg(r) # Price index of aggregate Inports by REGon r at Wrld (cif) prices # ;
(all,i, TRAD COW)



pxwcon(i) # Price index of agg eXports of COwhodity i at World (fob) prices #

(all,i, TRAD_COW)
piwcon(i) # Price index of agg Inmports of COvhodity i at World (cif) prices #

pxwMd d # Price index of WrLD eXports at Wrld (fob) prices #
(all,i, TRAD_ COW)
pwi) # Price index for total supply of comodity i at Wirld (fob) prices #

! 3. Technical Change Vari abl es

I Specification: If, for exanple, technical progress is H cks-neutral across
all inputs at the rate of 1 percent, then ao(j,r) = 1. !

(all,j,PROD_COW (all,r, REG
ao(j,r) # Qutput Augnenting technical change in sector j of regionr #

(all,i, ENDWCOW) (all,j,PRCD COW (all, r, REG

afe(i,j,r) # Endowrent i Augnenting technical change for Firns inj of r #
(all,i, TRAD COW) (all,j,PRCD COW (al |, r, REG

af (i,j,r) # conposite input i Augnenting tech change for Firns inj of r #

(all,i, PROD.COM) (al |, r, REG

ava(i,r) # Value Added Augnenting technical change in sector i of regionr #

(all,i, TRAD COW) (all,r,REQ (all, s, REG
atr(i,r,s) # Augnenting tech change in TRansport of i fromregionr to s #

(all,i,MOW_COW) (al |, r, REG
avav(i,r) # Variable Value Added Augnenting technical change in sector i of r # ;

I 4. Policy Variables

(all,i, NSAV_COW) (al |, r, REG
to(i,r) # power of the Tax on Qutput of commodity i in region r #

(all,i,ENDWCOW (all,j,PROD COW) (all,r, REQ

tf(i,j,r) # power of the Tax on endowrent i demanded by Firns inj inr #
(all,i, TRAD COMW) (al |, r,REQ (all,j, PROD_COW) (al I, s, REG

tfs(i,r,j,s) # power of the Tax on Sourced i demanded by Firns inj ins #
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(all,i, TRAD COW) (al |, r,REG (al |, s, REG
tps(i,r,s) # power of the Tax on Sourced i denmanded by Private hhld in s #

(all,i, TRAD. COW) (all,r,REG (all,s, REG
tgs(i,r,s) # power of the Tax on sourced i demanded by Government in region s # ;
(all,i, TRAD. COW) (all,r,REG (all,s, REG
tns(i,r,s) # power of the Tax on Sourced i Mports of i in region s #

(all,i, TRAD COW) (all,r,REG (al |, s, REG

txs(i,r,s) # power of the Tax on eXports of i by regionr #
(all,i, TRAD COW) (al |, s, REG

tm(i,s) # power of the source-generic Tax on iMoorts of i inregions #

(all,i, TRAD. OCOM (al | , r, REG)

tx(i,r) # power of the destination generic Tax on eXports of i by region r #

! 5. Value, Income and Wility Variabl es

(all,i, TRAD COW) (al |, s, REG
vxwfob(i,s) # Value of eXports of i by region s at Wrld (FOB) prices #

(all,i, TRAD COW) (al |, s, REG

viwcif(i,s) # Value of Inports of i by region s at World (CIF) prices #
(all,r, REG

vxweg(r) # Value of aggregate eXports by REGon r at Wrld (fob) prices #
(all,r, REG

viweg(r) # Value of aggregate Inports by REGon r at Wrld (cif) prices #
(all,i, TRAD COW)

vxwecon(i) # Value of aggregate eXports of COvhodity i at Wrld (fob) prices #

(all,i, TRAD_COW)
viwcon(i) # Value of aggregate Inports of COVhodity i at World (cif) prices #

vxwM d # Value of WrLD eXports at Wrld (fob) prices #

(all,i, TRAD_COW)
valuew(i) # VALUE of World supply of comodity i #

(all,r, REG
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vgdp(r) # Value of GDP in region r #

(all,r, REG

y(r) # regional household incone in region r #
(all,r, REG

yp(r) # Private household expenditure in region r #

(all,r, REG
up(r) # per capita Uility fromPrivate expenditure in regionr #
(all,r, REG
ug(r) # aggregate Uility from Government expenditure in regionr #
(all,r, REG
u(r) # per capita Uility fromregional household expenditure in regionr #

(CHANGE) (al I, r, REG

EV(r) # Equivalent Variation, in constant $ US mllion #
I Hi cksian equival ent variation.

Positive figure indicates wel fare inprovenent !

( CHANGE)

VWEV # Equi valent Variation for the Wrld, in constant $ US mllion #
(CHANGE) (al I, r, REG

DIBAL(r) # change in Trade BALance X - M in constant $ US mllion #
I Positive figure indicates increase in exports exceeds inports. !
(CHANGE) (al I ,i, TRAD_COW) (al |, r, REG

DIBALi (i, r) # change in Trade BALance by commodity and region, $ US mllion #

I Positive figure indicates increase in exports exceeds inports. !

I 6. Slack Variabl es

(all,j,PCE@s_Ccaw (all,r, REG
zppsl ack(j,r) # slack variable in the zero profit equation of PCGDS_COW #
! This is exogenous, unless the user wishes to fix industry output in the perfectly
conpetitive industry. !
(all,j,McOW_COW) (all,r, REG
zpi slack(j,r) # slack variable in the zero profit equation of MCOW_COW #
! This is exogenous, unless the user wshes to fix the nunber of firnmse in the
nmonopol i stically conpetitive industry. !
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(all,j, MOOMP_COW) (al | , r, REG

nmkupsl ack(j,r) # slack variable in the optinal
unl ess the use

I This is

exogenous,

nmonopol i stically conpetitive industry.

(all,r, REG

i nconesl ack(r) # slack variable in the expression for regiona
I This is exogenous,

(all,i, ENDW.COM) (al |, r, REG

endwsl ack(i,r) # slack variable in the endowrent market clearing condition #

' This is
factors. !
(all,r, REG

exogenous,

unl ess the user

cgdsl ack(r) # slack variable for gcgds(r) #

' This is

goods in a region

(all,r, REG

savesl ack(r) # slack variable in regi ona
! This is exogenous,

exogenous,

unl ess the user

r wishes

unl ess the wuser w shes

govsl ack(r) # slack variable to permt fixing of rea

(all,r, REG
! This is
pur chases. !

exogenous,

(all,i, TRAD. OCOM) (al | , r, REG)

tradslack(i,r) # slack variable in the tradabl es nmarket clearing condition #
I This is exogenous

unl ess the

to

unl ess the user wishes to fix regi ona

w shes to

to

mar kup equati on #

fix the output

fix t

incone #
incone. !

he returns

per

specify the Ileve

demand for savings #
wishes to fix the

govt purchases #
to fix the

user W shes

unl ess the user wishes to fix the price of tradables.

wal rasl ack # slack variable in the omtted nmarket #
! This is endogenous under

must be swapped with the

equal gl oba

i nvestnent. !

! The base data are divided

t echnol ogy

and

pr ef erence

normal, GE closure.

nuneraire,

into two

paraneters.

t her eby

sections:
Si nce
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of the nodel, they are terned coefficients. Coefficients are assigned upper case to
di stinguish them from variables. (Again, this is purely cosnetic, as GEMPACK is not
case sensitive.) !

coefficient !

kkhkkkhkhhkkkhkkk|

! 1. Base Revenues and Expenditures

(all,i,ENDWCOW (al |, r, REG
EVOA(i,r) # Value of Endowrent Qutput, at Agents' prices #

(all,i, ENDWCOW (all,j,PRCD_ COW) (all, r, REG

EVFA(i,j,r) # Value of Firns' purchases of Endowrent, at Agents' prices #
(all,i, TRAD COMW) (all,r,REQ (all,j, PROD COW) (al |, s, REG

VFAS(i,r,j,s) # Value of Firns' purchases by Source, at Agents' prices #

(all,i, TRAD. COW (al |, r, REG (al |, s, REG

VPAS(i,r,s) # Value of Private hh expenditure by Source, at Agents' prices #
(all,i, TRAD. COW (al |, r, REG (al |, s, REG

VGAS(i,r,s) # Value of CGovernnent expenditure by Source, at Agents' prices #
(all,i, ENDWCOW) (all,j,PRCD_ COW (all, r, REQ

VFMi,j,r) # Value of Firms' purchases, at Market prices #

(all,i, TRAD COW) (all,r,REG (all,j, PROD_COW) (al |, s, REG

VFMVB(i,r,j,s) # Value of Firns' purchases by Source, at Market prices #
(all,i, TRAD. COW) (all,r,REG (all,s, REG

VPVB(i,r,s) # Value of Private hh expenditure by Source, at Market prices #
(all,i, TRAD COW) (all,r,REQ (all, s, REG

VGVB(i,r,s) # Value of Governnent expenditure by Source, at Market prices #
(all,i, TRAD COW) (all,r,REQ (al |, s, REG

VSMX(i,r,s) # Value of Sales by Destination, at Market prices #
(all,i, TRAD cCOW) (al |, r,REG (al |, s, REG

VDVS(i,r,s) # Value of Demands by Source, at Market prices #
(all,i, TRAD. COW) (all,r,REG (all, s, REG

VSWD(i,r,s) # Value of Sales by Destination, at Wrld (fob) prices #
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(all,i, TRAD COW) (all,r, REG (all,s, REG

VDW5(i,r,s) # Value of Demands by Source, at World (cif) prices #
(all,i, TRAD_ COW) (all, r, REG

VST(i,r) # Value of Sales to Transport sector at narket prices #

(all,r, REG

SAVE(r) # SAVings #
(all,r, REG

VKB(r) # Value of Beginning-of-period capital stock #
(all,r, REG

VDEP(r) # Value of DEPreciation #

I 2. Technol ogy and Preference Paraneters

(all,i, TRAD COW) (al |, r, REG
SUBPAR(i,r) # substitution paraneter in the CDE mn expenditure function #

(all,i, TRAD_ COW (al |, r, REG
I NCPAR(i,r) # expansion paraneter in the CDE nmin expenditure function #

(all,i, PCOVW_COW)
ESUBD(i) # elasticity of substitution between donestic and inported goods #
(all,i, PCOW_COW)

ESUBM i) # elasticity of substitution anmong inports fromdifferent sources #

(all,j, PRCD_COW)
ESUBVA(j) # elasticity of substitution in the production of val ue-added #
(all,i, ENDWs_COW)
ETRAE(i) # elasticity of transformation for sluggish prinary factors #
I It is non-positive by definition. !
(all,r, REG
RORFLEX(r) # flexibility of expected net rate of return on capital stock #
I If a region's capital stock increases by 1% then it is expected that the net
rate of return on capital will decline by RORFLEX %!

RORDELTA # a binary coefficient to determne the allocation investnent funds #
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I When RORDELTA = 1, investnent funds are allocated across regions to equate the
change in the expected rates of return (i.e., rore(r)). Wien RORDELTA = O,
investnent funds are allocated across regions to maintain the existing conposi tion
of capital stocks !
(all,i, MCOW_COW)

SIGVA(i) # elasticity of substitution anong differentiated products #

! regional utility and popul ation ratios for calculating EV !

coefficient (all,r, REG

URATI O(r) # ratio of the per capita utility to its presinulation value #
formula (initial)(all,r, REG

URATIQ(r) =1

coefficient (all,r, REG

POPRATI O(r) # ratio of population in regionr to its presinulation value #
formula (initial)(all,r, REG

POPRATIO(r) =1

! The wupdating command indicates how the new level of the coefficient will be conputed
based on the previous solution. Note that the notation used in the update conmands
is a shorthand for total differentials of these coefficient values. Thus, w * v
indicates that we want to take the total differential of W * V, plug in the
cal cul at ed values of w and v, and add this to the base level in order to obtain a
revised value for this product. Finally, the technology & preference paraneters do
not change at all and so require no update statenent. !

update !

kkkkkkx|

(all,i,ENDWCOW) (al |, r, REG
EVOA(i,r) = ps(i,r) * qo(i,r)

(all,i, ENDW COW) (all,j,PROD COW (all, r, REG
EVFA(i ,j,r) = pfe(i,j,r) * afe(i,j,r)
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(all,i,PCcOW_COMW) (all,r,REGQ (all,j, PROD_ COW (all,s, REG
VFAS(i,r,j,s) = pfs(i,r,j,s) * ghnfs(i,r,j,s)

(all,i,MOWP_COW) (all,r,REQ (all,j, PROD COW (all, s, REG
VFAS(i,r,j,s) = pfs(i,r,j,s) * qdffs(i,r,j,s)

—

(all,i,PCOWw_COW) (all,r, REG (all, s, REG
VPAS(i,r,s)= pps(i,r,s) * ghnps(i,r,s)

(all,i,MOWP_COW) (all,r, REG (all,s, REG
VPAS(i,r,s)= pps(i,r,s) * qdfps(i,r,s)

(all,i,PCOVWP_COW) (all,r,REG (all,s, REG
VGAS(i,r,s)= pgs(i,r,s) * ghngs(i,r,s)

(all,i,MOW_COW) (all,r,REG (all,s, REG
VGAS(i,r,s)= pgs(i,r,s) * qdfgs(i,r,s)

(all,i, ENDWI COW) (al | ,j, PROD_ COW) (al |, r, REQ
VEMi,j,r) =pn(i,r) * gfe(i,j,r)

(all,i, ENDAS_COW) (al | ,j, PROD_ COW) (al | , r, REG
VFEMi,j,r) = prmes(i,j,r) * ofe(i,j,r)

(all,i,PCOVW_COW (all,r,REG (all,j, PROD_ COW) (al |, s, REG
VFEVS(i,r,j,s) = pms(i,r,s) * ghnfs(i,r,j,s)

(all,i,McOMP_COW (all,r,REG(all,j,PROD COW) (all,s, REG
VEMS(i,r,j,s) = pms(i,r,s) * qdffs(i,r,j,s)

(all,i,PCOVWP_COW) (all,r,REG (all,s, REG
VPVB(i,r,s)= pnms(i,r,s) * ghnmps(i,r,s)

(all,i,MOW_COW (all,r,REG (all,s, REG
VPVS(i,r,s)= pms(i,r,s) * qdfps(i,r,s)

(all,i,PCOW_COW) (all,r,REG (all,s, REQ
VGVS(i,r,s)= pms(i,r,s) * ghmgs(i,r,s)

(all,i,McOWP_COW) (all,r, REGQ (all,s, REQ
VGVB(i,r,s)= pms(i,r,s) * qdfgs(i,r,s)

(all,i, TRAD COW) (al |, r, REG (al |, s, REQ
VSMX(i,r,s) = pr(i,r) * gs(i,r,s)

(all,i, TRAD. COM) (al |, r, REG (al |, s, REG
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VDVB(i,r,s) = pns(i,r,s) * qgs(i,r,s)
(all,i, TRAD COW) (all,r,REG (all, s, REG

VSWD(i,r,s) = pfob(i,r,s) * qs(i,r,s)
(all,i, TRAD cCOW) (al |, r,REG (al |, s, REG

VDW5(i,r,s) = pcif(i,r,s) * qs(i,r,s)
(all,i, TRAD COW (al |, r, REG

VST(i,r) =pn(i,r) * gst(i,r)

(all,r, REG
SAVE(r) = psave * gsave(r)

(all,r, REG
VKB(r) = kb(r) * pcgds(r)

(all,r, REG

VDEP(r) = kb(r) * pcgds(r)
(all,r, REG

URATI Q(r) = u(r)
(all,r, REG

POPRATI O(r) = pop(r)

read !

*k ok kK|

EVOA fromfil e GTAPDATA header "EVQA' ;
EVFA from fil e GIAPDATA header "EVFA' ;
VFAS fromfil e GTAPDATA header "VFAS' ;
VPAS fromfil e GITAPDATA header "VPAS' ;
VGAS fromfile GIAPDATA header "VGAS' ;
VFM fromfil e GTAPDATA header "VFM
VFMS fromfil e GITAPDATA header "VFMS' ;
VPVB fromfil e GIAPDATA header "VPMS'
VGVE fromfil e GITAPDATA header "VGAW' ;
VSMD from fil e GIAPDATA header "VSMD' ;
VDVS fromfil e GTAPDATA header "VDVS'
VSWD fromfil e GITAPDATA header "VSWD' ;
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VDWS fromfile GTAPDATA header "VDWS' ;
VST fromfile GTAPDATA header "VST" ;
SAVE fromfil e GITAPDATA header "SAVE" ;
VKB fromfile GTAPDATA header "VKB' ;
VDEP fromfil e GIAPDATA header "VDEP' ;
SUBPAR fromfile GTAPPARM ;
I NCPAR fromfile GIAPPARM ;
ESUBD fromfile GIAPPARM ;
ESUBM fromfile GIAPPARM ;
ESUBVA fromfile GIAPPARM ;
ETRAE fromfil e GITAPPARM ;
RORFLEX fromfil e GIAPPARM ;
RORDELTA fromfil e GITAPPARM ;
S| GVA fromfile GIAPPARM ;

ZERODI VI DE (ZERO_BY_ZERO) DEFAULT O ;

coefficient (all,r, REG(all,s, REG

DELTA(r,s) # Kronecker delta, equals 1 for r = s, 0 otherwi se #

I Kronecker delta designed to isolate donestic transactions on
inregion s !

formula (all,r,REG (all,s, REG

DELTA(r,s) =0
(all,s, REG

DELTA(s,s) =1

I Industry Costs and Revenues

coefficient (all,i,DEMD COW) (all,j,PRCD COW (all,r, REG
VFA(i,j,r) # Value of Firms' expenditure at Agents' prices #
formula (all,i, ENDWCOW (all,j,PROD COW) (all,r, REG

VFA(i ,j,r) = EVFA(i,j,T)

formula (all,i, TRAD COW) (al |l ,j, PROD_COW) (al |, s, REG

VFA(i ,j,s) = sun{t, REG VFAS(i,t,j,s)}

the part
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coefficient (all,i,NSAV._COW (all,r, REG
VQA(i,r) # Value of Qutput at Agents' prices #

formula (all,i, ENDWCOW) (all,r, REG
VOA(i, r) = BEVOA(I, )

formula (all,i,PRCD_COW) (all,r, REG
VQA(i,r) = sun{j, DEMD COW VFA(j,i,r)}

coefficient (all,i, NSAV._COW (al |, r, REG
VOMi,r) # Value of Qutput at Market prices #

formula (all,i, ENDWCOW) (all,r, REG
VOMi,r) = sun{j,PROD_ COWM VFMi,j,r)}

formula (all,i, TRAD COW) (al |, r, REG
VOMi,r) = sun{s, REG VSMXi,r,s)} + VST(i,r)

formula (all,h, CGDS_COW) (al |, r, REG
VOM h, r) = VQA(h,r)

! Fixed and Variable Costs in the Mnopolistically Conpetitive Industry

| Define markup (the perceived denand elasticity of the firm,
function of the elasticity of substitution, SIGVWA(i). Note that
industry will be identical for all firms |ocated in various regions. !

coefficient (all,i, MCOW_COW (al |, r, REG
MARKUP(i,r) # optimal MARKUP of firms in the initial equilibrium#

formula (all,i, MOW_COW) (al |, r, REGQ
MARKUP(i,r) = SIGVA(i) / [SIQWA(i) - 1]

coefficient (all,j,PROD COW (all,r, REG
VA(j,r) # total Value Added denanded #

formula (all,j,PROD_COW) (all,r, REG
VA(j,r) = sum{k, ENDWCOW VFA(K,j,r)}
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! Define fixed value-added as a fraction of total costs or revenues. This follows from
t he Dixit-Stiglitz and Spence formalization of t he Chanber | i ni an t heory of
nonopol i stic conpetition. !

coefficient (all,i, MOW_COW (all,r, REG
VAF(i,r) # Fixed Val ue Added denanded by the nonop conp industry #

formula (all,i, MOW_COW) (al |, r, REQ
VAF(i,r) = VOA(i,r) * {1 - [1/ MRKUP(i,r)]}

coefficient (all,i, MOW_COW (all,r, REG
VAV(i,r) # Variable Value Added demanded by the nonop conp industry #

formula (all,i, MOW_COW) (al |, r, REQ
VAV(i,r) = VA(i,r) - VAF(i,r)

coefficient (all,i, MCOW_COW (all, r, REG
VC(i,r) # Variable Cost in the production of the nonop conp comodity #

formula (all,i, MCOW_COW) (al |, r, REGQ
VC(i,r) = VOA(i,r) - VAF(i,r)

I Private Consunption and Governnment Expenditures, Savings and GDP

coefficient (all,i, TRAD COW (al |, r, REG
VPA(i,r) # Value of Private househol d expenditure at Agents' prices #

formula (all,i, TRAD COW) (al |, s, REG
VPA(i,s) = sun{t, REG VPAS(i,t,s)}

coefficient (all,r, REQ

PRI VEXP(r) # PRI Vate consunption EXPenditure in regionr #
formula (all,r, REG

PRI VEXP(r) = sun{i, TRAD COMM VPA(i,r)}

coefficient (all,i, TRAD COW (all,r, REG
VGA(i,r) # Value of Government expenditure at Agents' prices #

formula (all,i, TRAD COW) (al |, s, REG
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VGA(i,s) = sun{t, REG VGAS(i,t,s)}

coefficient (all,r, REG
GOVEXP(r) # GOVernnment EXPenditure in regionr #

formula (all,r, REG
GOVEXP(r) = sun{i, TRAD_COW VGA(i,r)}

coefficient (all,r, REQ
I NCOVE(r) # regional expenditure in region r, which equals net | NCOVE #

formula (all,r, REG
I NCOVE(r) = sum{i, TRAD COW VPA(i,r) + VGA(i,r)} + SAVE(r)

coefficient (PARAMETER) (all,r, REGQ
INC(r) # initial equilibriumregional expenditure data #
I INC is set equal to INCOME and does not change during a simulation. This is used in

calculating EV. !

formula (INNTIAL) (all,r, REG
INC(r) = I NCOVE(r)

coefficient (all,r, REG
GP(r) # G oss Donestic Product in region r #
I Trade is valued at fob and cif prices. !

formula (all,s, REG

GDP(s) = sun{i, TRAD COW VPA(i,s) }
+ sum{i, TRAD COW VGA(i,s) }
+ sun{k, CCDS_COMWM VOQA(k, s) }
+ sum{i, TRAD COW sum{r, REG VSWX(i,s,r)} + VST(i,s)}
- sun{i, TRAD_ COW sun{r, REG VDW5(i,r,s)}}

I Goss and Net Regional |nvestnment and d obal | nvestnent

coefficient (all,r, REQ
REG NV(r) # REG onal gross INVestnment in regionr #
I This equals the value of output of the investnent sector, "cgds" !

formula (all,r, REG
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REG NV(r) = sun{k, OGDS_COW VOA(k,r)}

coefficient (all,r, REG
NETI NV(r) # regional NET INVestment in region r #

formula (all,r, REG
NETINV(r) = sum{k, CGDS_COW VQA(k,r)} - VDEP(r)

coefficient
GLCBI NV # G.OBal net | Nvestnent expenditures #
I Alternatively, GLOBINV may be conputed as a sum of SAVE(r) !

formul a
GLOBINV = sunm{r, REG NETINV(r)}

! dobal Transportation Margins

coefficient (all,i, TRAD COMW(all,r, REG (all,s, REG
VIWR(i,r,s) # Value of Transportation services associated by Route #

formula (all,i, TRAD COW) (all,r,REG (all, s, REG
VIWR(i,r,s) = VDWs(i,r,s) - VSW(i,r,s)

coefficient

VT # Value of total international Transportation services #
fornmul a

VT = sun{i, TRAD COW sum{r, REG sum{s, REG VTWR(i,r,s)}}}

! Regional Trade Aggregates and d obal Trade

' VXWi,r) includes only extra-regional exports or sales outside the region !

coefficient (all,i, TRAD COW (all,r, REGQ
VXWi,r) # Value of eXports at Wirld (fob) prices, by commodity and region #

formula (all,i, TRAD COW) (al |, r, REG
VXWi,r) = sun{s, REG [1 - DELTA(r,s)] * VSWD(i,r,s)} + VST(i,r)
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coefficient (all,r, REG

VXWREG ON(r) # Value of eXports at Wrld (fob) prices, by REG ON #
formula (all,r, REG

VXWREGA ON(r) = sun{i, TRAD COW VXWi,r)}

coefficient (all,i, TRAD COW)

VXWCOMMOD(i ) # Val ue of eXports at World (fob) prices, by COMXDity #
formula (all,i, TRAD COW)

VMWCOMMOD(i ) = sur{r, REG VXWi,r)}

LOVIW,T)

coefficient (all,i, TRAD COW (all, s, REG

VIWi,s) # Value of Inports at Wirld (cif) prices, by commodity and region #

formula (all,i, TRAD COW) (al |, s, REG
VIWi,s) = sum{r,REG [1 - DELTA(r,s)] * VDWs(i,r,s)}

coefficient (all,r, REQ

VIVWREG ON(r) # Value of Inports at Wrld (cif) prices, by REG ON #
formula (all,r, REG

VIVREGA ON(r) = sun{i, TRAD COW VIWi,r)}

coefficient (all,i, TRAD COW)
VIWCOMMOD(i ) # Value of Inports at Wrld (cif) prices, by COMDity #

formula (all,i, TRAD COW)
VIWCOMMOD(i) = sur{r, REG VIWi,r)}

coefficient
VXW.D # Val ue of WrLD commodity eXports at world (fob) prices #

formul a
VXW.D = sun{r, REG VXWREG O\(r)}

I NOTE The difference between VW.DSALES(r) and  VXWREG O\(r) is
i ncl udes NETINV(r) !
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coefficient (all,r, REG
VWALDSALES(r) # Value of SALES to the WrLD nmarket by region r #

formula (all,r, REG
WALDSALES(r) = sum{i, TRAD COW sum{s, REG [1 - DELTA(r,s)]
* VSWD(i,r,s)} + VST(i,r)} + NETINV(r)

coefficient (all,s, REG
VWALDDEMAND(s) # Val ue of DEMANDs fromthe WrlLD narket by region r #

formula (all,s, REG
VWALDDEMAND(s) = sum{i, TRAD COW sun{r, REG [1 - DELTA(r,s)]
* VDWS(i,r,s)} } + SAVE(S)

I Aggregate Qutput

coefficient (all,i, TRAD COW (all,r, REG
VONi,r) # Value of Qutput at Wrld (fob) prices by regionr #
! This includes transportation services supplied by the region !
formula (all,i, TRAD COW) (al |, r, REG
VONi,r) = sun{s, REG VSWXi,r,s)} + VST(i,r)

coefficient (all,i, TRAD COW)
VWAOWi) # Value of World Qutput at Wrld (fob) prices by comodity #

formula (all,i, TRAD COW)
VWONi) = sun{r, REG VOWNi,r)}

I Private Consunption and Usage Shares
coefficient (all,i, TRAD COW (all,r, REG
CONSHR(i,r) # SHaRe in private househol d CONsunption #

formula (all,i, TRAD COW) (al |, r, REG
CONSHR(i,r) = VPA(i,r) / sun{m TRAD COMW VPA(mr)}
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! Share of conposite inports in total expenditure/purchases, by agent, is relevant
only for the perfectly conpetitive comodities (PCOVP_COW , though defined over
all tradables !

coefficient (all,i, TRAD COMW) (all,j,PRCD_ COW) (all, s, REGQ

FMBHR(i,j,s) # SHaRe of conposite iMoorts in total purchases by Firns #
formula (all,i, TRAD COW) (all,j, PROD_COW (al |, s, REG

FMBHR(i,j,s) = sun{r,REG [1 - DELTA(r,s)] * VFAS(i,r,j,s)} / VFA(i,j,s)

coefficient (all,i, TRAD COW (al |, s, REGQ
PMBHR(i,s) # SHaRe of conposite iMorts in Private household expenditure #

formula (all,i, TRAD COW) (al |, s, REG
PVBHR(i,s) = sum{r,REG [1 - DELTA(r,s)] * VPAS(i,r,s)} / VPA(i,s)

coefficient (all,i, TRAD COW (all, s, REG
GVBHR(i,s) # SHaRe of conposite iMorts in Government expenditure #

formula (all,i, TRAD COW) (al |, s, REG
GWBHR(i,s) = sun{r,REG [1 - DELTA(r,s)] * VGAS(i,r,s)} / VGA(i,Ss)

I Share of inports by source in conposite inports, by agent, is relevant only for the

perfectly conpetitive compdities (PCOVWP_COW, though defined over all tradables
I

coefficient (all,i, TRAD COMW) (all,r,REQ (all,j,PROD COMW (all, s, REG
FMBHRS(i,r,j,s) # SHaRe of inports by Source in conposite i Mports of Firms #

formula (all,i, TRAD COW (all,r,REGQ (all,j, PRCD_COW) (al |, s, REG
FMBHRS(i,r,j,s) =[1 - DELTA(r,s)] * VFAS(i,r,j,s)
/ sun{t,REG [1 - DELTA(t,s)] * VFAS(i,t,j,s)}

coefficient (all,i, TRAD COW (all,r, REQ (all,s, REG
PVMBHRS(i,r,s) # SHaRe of inports by Source in Private hhld conposite i Morts #
formula (all,i, TRAD COW) (all,r,REG (all, s, REGQ
PVBHRS(i,r,s) =[1 - DELTA(r,s)] * VPAS(i,r,s)
/ sum{t,REG [1 - DELTA(t,s)] * VPAS(i,t,s)}
coefficient (all,i, TRAD COW) (all,r, REQ (all, s, REG
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GVBHRS(i,r,s) # SHaRe of inports by Source in conposite i Mports by Govt #

formula (all,i, TRAD COW) (all,r,REG (all,s, REGQ
GWBHRS(i,r,s) =[1 - DELTA(r,s)] * VGAS(i,r,s)
/ sum{t,REG [1 - DELTA(t,s)] * VGAS(i,t,s)}

I Share of demand by source in total expenditure/purchases, by agent, defined only
over the nonopolistically conpetitive comodities (MOW_COW) !

coefficient (all,i,MOW_COMW (all,r,REQ (all,j,PROD COW (all, s, REQ
FTHETA(i ,r,j,s) # share of demand by source in Firnms' total purchases #

formula (all,i, MOW_COW (all,r,REQ (all,j, PRCD_ COW (all,s, REG
FTHETA(i,r,j,s) = VFAS(i,r,j,s) / sum{k, REG VFAS(i,k,j,s)}

coefficient (all,i, MOW_COW (all,r, REG (all,s, REG
PTHETA(i,r,s) # share of demand by source in Private hhld expenditure #

formula (all,i,MOW_COMW (all,r,REQ (all,s, REG
PTHETA(i,r,s) = VPAS(i,r,s) / sum{k, REG VPAS(i,k,s)}

coefficient (all,i, MOW_COW (all,r, REG (all,s, REG
GTHETA(i,r,s) # share of demand by source in Governnent expenditure #

formula (all,i,MOW_COMW) (all,r,REQ (all,s, REG
GIHETA(i,r,s) = VGAS(i,r,s) / sumk, REG VGAS(i,k,s)}

I Cost and Revenue Shares

coefficient (all,i, ENDNCOW) (all,j,PRCD COW) (all,r, REG
SVA(i,j,r) # Share of endowrent in total Val ue-Added #

formula (all,i, ENDWCOW) (all,j,PROD_ COW) (all,r, REG
SVA(i,j,r) = VFA(i,j,r)/sun{k, ENDWCOW VFA(k,j,r)}

coefficient (all,i, ENDNCOW (all,j, PRCD_ COW) (all,r, REG
SENT(i,j,r) # Share of ENdowrent in Total costs #

formula (all,i, ENDWCOW (all,j,PROD COW) (all,r, REG
SENT(i,j,r) = VFA(i,j,r)/sum{k, DEMD COW VFA(k,j,r)}
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coefficient (all,i, TRAD cCOW (all,j,PRCD_COW) (all,r, REG
SINT(i,j,r) # Share of INternmediate input in Total costs #

formula (all,i, TRAD COW (al |l ,j, PROD_COW) (all,r, REG
SINT(i,j,r) = VFA(i,j,r)/sun{k, DEMD COW VFA(k,j,r)}

coefficient (all,i,ENDNCOW) (all,j,PRCD COW) (all,r, REGQ
REVSHR(i,j,r) # SHaRe of a sector in total REVenue to an endownent #

formula (all,i, ENDWCOW (all,j, PROD_COW) (all,r, REG
REVSHR(i,j,r) = VFMi,j,r)/sun{k, PROD_COWM VFMi,k k,r)}

I O her Shares

coefficient (all,i, TRAD COW (all,r, REQ (all,s, REG
FOBSHR(i,r,s) # SHaRe of FOB price in total inmport (cif) price #

formula (all,i, TRAD COW) (all,r,REG (all, s, REGQ
FOBSHR(i,r,s) = VSWX(i,r,s)/VDW5(i,r,s)

coefficient (all,i, TRAD COW(all,r, REG (all,s, REG
TRNSHR(i,r,s) # SHaRe of TRaNsport margin in total inport (cif) price #

formula (all,i, TRAD COW) (all,r,REG (all, s, REG
TRNSHR(i,r,s) = VIWR(i,r,s)/VDWs(i,r,s)

coefficient (all,r, REQ

I NVKERATI Q(r) # RATIO of gross |INVestnent to End-of-period capital stock #
formula (all,r, REG

I NVKERATI Q(r) = REA NV(r) / [VKB(r) + NETINV(r)]

coefficient (all,r, REG

GRNETRATI (r) # RATIO of GRoss to NET rate of return on capital #
I VOA("capital”,r) is GROSS returns to capital !

formula (all,r, REG

GRNETRATI (r) = surm{h, ENDWC_COW VQA(h,r)}
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/ [ sum{h, ENDWC_OOMM VOA(h,r)} - VDEP(r) ]

di splay voa ; di spl ay vom ;

di splay va ; di spl ay vaf ;

di splay vpa ; di spl ay vga ;

di splay privexp ; di spl ay govexp ;
display reginv ; di spl ay netinv ;

di splay vxw ; di spl ay vxwr egion ;
display viw ; di spl ay viwegion ;
di splay vw dsal es ;

di splay vow ; di spl ay vwow ;

di spl ay conshr ;

di splay fnshr ; di spl ay gnshr ;

di splay fmshrs ; di spl ay gnshrs ;
display ftheta ; di splay gtheta ;

di splay sva ; di spl ay sent ;

I Allen partial elasticities of substitution,
coefficient (all,i, TRAD COW (all,r, REG

di spl ay
di spl ay

di spl ay
di spl ay
di spl ay
di spl ay
di spl ay

di spl ay
di spl ay
di spl ay
di spl ay

price and

vav ; di splay vc ;
i ncone ; di splay gdp ;

gl obi nv ;
vxwconmod ;
vi wconmod

vw ddemand ;
vxwl d ;

prshr
pnshrs ;
pt heta ;
sint ; di spl ay revshr

incone elasticities

ALPHA(i,r) # 1 minus the substitution paranmeter in the CDE nin expend fn #

formula (all,i, TRAD COW) (al |, r, REG
ALPHA(i ,r) =1 - SUBPAR(i,r)]

coefficient (all,i, TRAD COW (al |, k, TRAD_ COW) (al | , r, REGQ
APE(i,k,r) # Allen Partial Elasticity of substitution for conposite goods #

formula (all,i, TRAD COW) (al | , k, TRAD_ COW) (al | , r, REG
APE(i,k,r) = ALPHA(i,r) + ALPHA(Kk,r)
- sun{m TRAD_COW CONSHR(mr) * ALPHA(mr)}

formula (all,i, TRAD COW) (al |, r, REG

APE(i,i,r) = 2.0 * ALPHA(i,r)

- sun{m TRAD_ OOMM OONSHR(mr) * ALPHA(mr)}
- ALPHA(i,r) / OONSHR(i,r)

coefficient (all,i, TRAD COW (al |, r, REG
COWDEMi,r) # own-price COVWPensated elasticity of private hhld DEMand #
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formula (all,i, TRAD COW) (al |, r, REG
COVPDEM(i, r) = APE(i,i,r) * CONSHR(i,r)

coefficient (all,i, TRAD COW (all,r, REG
EY(i,r) # income Elasticity of private household demand for conposite good #

formula (all,i, TRAD COW) (al |, r, REG
EY(i,r) =[1.0/[sun{m TRAD COW CONSHR(mMr) * INCPAR(mr)}]]
* [INCPAR(i,r) * [1.0 - ALPHA(i,r)]
+ sun{m TRAD_COMM CONSHR(m ) * INCPAR(mr) * ALPHA(mT)}]
+ [ALPHA(i,r) - sun{m TRAD COMW CONSHR(mr) * ALPHA(mr)}]
coefficient (all,i, TRAD COW (all, k, TRAD COW) (al |, r, REG
EP(i, k,r) # unconpensated cross-price elasticity of private hhld demand #

formula (all,i, TRAD COW) (al |, k, TRAD COW) (al |, r, REG
EP(i,k,r) =0

formula (all,i, TRAD COW) (al | , k, TRAD_COW) (al | , r, REG
EP(i,k,r) = [APE(i,k,r) - EY(i,r)] * CONSHR(k,r)

di splay compdem ; display ey ;
ZERODI VI DE ( ZERO BY_ZERO) OFF ;

I Dummy Coefficients

! They elimnate spurious percentage changes in initially zero variables. !

coefficient (all,i,ENDNCOW) (all,j,PRCD COW) (all,r, REG

D EVFA(i,j,r) # 0, 1 variable for identifying zero expenditures in EVFA #
formula (all,i, ENDWCOW) (all,j, PRCD_COW (al |, r, REG

D EVFA(i,j,r) =0

formula (all,i, ENDWCOW (all,j,PRCD_COW (all,r, REG EVFA(i,j,r) > 0)
D EVFA(i,j,r) =1

coefficient (all,i, TRAD COMW) (all,j,PRCD_ COW) (all,r, REG
D VFA(i,j,r) # 0, 1 variable for identifying zero expenditures in VFA #

formula (all,i, TRAD COW) (all,j, PROD_COW) (all,r, REG
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D VFA(i,j,r) =0
formula (all,i, TRAD COW) (all,j,PROD COW) (all,r, REG VFA(i,j,r) >0)
D VFA(i,j,r) =1

coefficient (all,i, TRAD COW (all,r, REG
D VST(i,r) # 0, 1 variable to identify zero expenditures in VST #

formula (all,i, TRAD COW) (al |, r, REG

D VST(i,r) =0

formula (all,i, TRAD COW) (all,r, REG VST(i,r)>0)
D VST(i,r) =1

coefficient (all,i, TRAD COMW(all,r,REG (all,s, REG
D VPMS(i,r,s) # 0, 1 variable for identifying zero expenditures in VPVMS #

formula (all,i, TRAD COW) (all,r,REG (all, s, REGQ
D VPMS(i,r,s) =0

formula (all,i, TRAD COW) (all,r,REGQ (all,s, REG VPM5(i,r,s) > 0 )
D VPMS(i,r,s) =1

coefficient (all,i, TRAD COW(all,r, REG (all,s, REG
D V@Gvs(i,r,s) # 0, 1 variable for identifying zero expenditures in VA #

formula (all,i, TRAD COW) (all,r,REG (all, s, REG
D vavws(i,r,s) =0

formula (all,i, TRAD COW) (all,r,REG (all,s, REG VGAW5(i,r,s) > 0 )
D vavws(i,r,s) =1

coefficient (all,i, TRAD cCOW) (all,r,REQ (all,j, PROD COW (al |, s, REG

D VFMS(i,r,j,s) # 0, 1 variable for identifying zero expenditures in VFMS #
formula (all,i, TRAD COW) (all,r,REGQ (all,j, PRCD COW (al |, s, REG

D VFMS(i,r,j,s) =0

formul a
(all,i, TRAD COW) (all,r,REG (all,j,PROD COW) (all,s, REG VFMS(i,r,j,s) >0)
D VFMS(i,r,j,s) =1
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coefficient (all,i, TRAD COW (all,r, REG
CHKMKTCLTRD(i,r) # CHecK MarKeT CLearing condition for TRaDabl es #

formula (all,i, TRAD COW) (al |, r, REG
CHKMKTCLTRD(i,r) = VOMi,r) - [sums, REG VSMD(i,r,s)} + VST(i,r)]

coefficient (all,i, TRAD COW (all,r, REQ (all,s, REG
CHKMKTCLSL(i,r,s) # CHecK MarKeT CLearing condition in SaLes by destination #

formula (all,i, TRAD COW) (all,r,REG (all, s, REGQ
CHKMKTCLSL(i,r,s) = VDVB(i,r,s) - [VPM5(i,r,s) + VAvs(i,r,s)
+ sun{j, PROD_ COW VFMS(i,r,j,s) }]

coefficient (all,i, ENDWCOW) (all,r, REG
CHKMKTCLENDWi , r) # CHecK MarKeT CLearing condition for ENDoWrent #

formula (all,i, ENDWCOW) (all,r, REG
CHKMKTCLENDWi , r) = VOMi,r) - sun{j, PROD.COW VFMi,j,r)}

coefficient
CHKSAVE # CHecK the equality of gl obal SAVi ngs and investment #

formul a

CHKSAVE = sun{k, REG SAVE(K)}
- [sum{k, REG sun{i, CGDS_COMM VOA(i,k)} - VDEP(K)}]

coefficient
CHKTRANS # CHecK equal ity of global demand and supply of TRANsport services #
formul a

CHKTRANS = sum{i, TRAD COW sun{r, REG sum{s, REG VTWR(i,r,s)}}}
- sun{i, TRAD COW sum{r,REG VST(i,r)}}

coefficient (all,j,PROD COW (all,r, REG
PROFI TS(j,r) # check zero PROFITS #
formula (all,j,PROD_COW) (all,r, REG
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PROFITS(j,r) = VOA(j,r) -

coefficient (all,r, REG

BOP(r) # check Bal ance O

formula (all,r, REG

BOP(r) = sun{i, TRAD_COW
+ sun{i, CGDS_COW
- sun{i, TRAD_COW

coefficient (all,s, REQ

SURPLUS(s) # check economic SURPLUS in region s. This should equal zero. #

formula (all,r, REG

SURPLUS(r) =

sum{i, DEMD_COW VFA(i,j,r)}

sun{s, REG VSWD(i,r,s)} + VST(i,r)}
VOA(i,r)} - VDEP(r)
sum{ k, REG VDW5(i,k,r)}} - SAVE(r)

sun{i, ENDW COW VOA(i,r)} - VDEP(r)
- sun{i, TRAD COMWM VFA(i,j,r)} - VA(j,r) }

sum{j , MCOWP_COW VOA(j,r)

sun{i , ENDW COW

+
+ sun{i, NSAV_COMW VOM(i,r) - VOA(i,r)}
+
+

sum{t, REG sun{j, PROD_COW
+ sun{t, REG sun{i, TRAD COW
+ sun{t, REG sun{i, TRAD COW
+ sun{t, REG sun{i, TRAD _COW
+ sun{t, REG sun{i, TRAD COWM
- sun{i, TRAD_COW

sum{t, REG

di splay chknktcltrd ;

di spl ay chksave ;
di splay profits ;

! See docunentation

sun{j, PRCD_COW VFA(i,j,r) - VFMi,j,r) }}

sun{i , TRAD_COWM

VFAS(i, t,j,r) - VFMB(i,t,j,r) }}}

di spl ay chknktclsl ;

VPAS(i, t,r) - VPMB(i,t,r) }}
VGAS(i,t,r) - VAws(i,t,r) }}
VSWD(i, r,t) - VSMD(i,r,t) }}
VDVB(i,t,r) - VDWS(i,t,r) }}
VPAS(i,t,r) + VGAS(i,t,r) }} - SAVE(r)

di spl ay chknktcl endw ;

di splay chktrans ;

di splay bop ;

di splay surplus ;

Payments in region r. This shoul d equal zero #

by Swaminathan and Hertel for detailed derivation and

of the equations describing product differentiation and econom es of scale.

See docunentation by

Hert el

and Tsigas for derivations

equations that are comon to the standard nodel . !

Mar ket O earing Equations
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! The following equation enforces market clearing for all but one of the tradeable
commodities, whi |l e checki ng for equilibrium in t he final mar ket
(savings=investnment). Note that walraslack nust be endogenous in the wusual general
equilibrium closure. However, in any of the partial equilibrium closures it wll be
exogenous. !

EQUATI ON MKTCLTRD # Mar KeT CLearing for TRaDabl e conmodities #

! This equation assures market clearing in the traded goods nmarkets. !
(all,i, TRAD. COW) (al |, r, REG

VOMi,r) * qo(i,r) sun{s, REG VSMD(i,r,s) * gs(i,r,s)}

VST(i,r) * gst(i,r)

VOMi,r) * tradslack(i,r)

+ +

! The equation MTCLSLHM checks the balancing condition for every bilateral trade
flow |If the trade flow is zero for any (i,r,s) triple in the initial data base,
then this equation has all zero coefficients, causing singularity problens. This
problem is corrected by introducing a snall value, DATAFIX(i,r,s), in place of the

zero trade flow. The correction preserves the honogeneity of the equation system
!

! This fix, however, <can cause extrenmely large percentage changes in flows that are
initially zero - gs(i,r,s), and therefore in ghnps(i,r,s), ghngs(i,r,s), and
ghnfs(i,r,j,s). This is remedied by using a dummy coefficient in the derived denmand
equation for sourced honogeneous goods of each agent - PHLDSRCPC, GOVSRCPC, and
| NDSRCPC equati ons. !

coefficient (all,i,PCOVW_COW (all,r, REG (all,s, REG
DATAFI X(i,r,s) # fix the data problemof zero trade flow #
| DATAFI X assunmes the value of 0.0001 mllion $, only if there is a zero
trade flow, else 0.0 !
formula (all,i,PCOW_COMW) (all,r,REQ (all,s, REG
DATAFI X(i,r,s) = I F(VDVs(i,r,s) = 0.0, 0.0001)

EQUATI ON MKTCLSLHM
# MarKeT CLearing in the SaLe of HoMogeneous commodities #
(all,i,PCOW_COW) (all,r,REQ (all, s, REQ
[VDVB(i,r,s) + DATAFI X(i,r,s)] * qs(i,r,s)
= [VPMB(i,r,s) + DATAFI X(i,r,s)] * ghmps(i,r,s)
+ [VAVB(i,r,s) + DATAFI X(i,r,s)] * ghmgs(i,r,s)
+ sun{j, PRCD_ COW [VFMB(i,r,j,s) + DATAFI X(i,r,s)] * ghnfs(i,r,j,s)}
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EQUATI ON MKTCLSLDF
# MarKeT CLearing in the SaLe of DiFferentiated commodities #
(all,i,MOMW_COW (all,r,REG (all,s, REG
VDVB(i,r,s) * gs(i,r,s) = VPMS(i,r,s) * qdfps(i,r,s)
+ VGvs(i,r,s) * qdfgs(i,r,s)
+ sum{j, PROD_COW VFMS(i,r,j,s) * qdffs(i,r,j,s)} ;

EQUATI ON MKTCLENDWM

# Mar KeT CLearing for the Mbile ENDoWrent commodities #

(all,i, ENDMW . COW) (al |, r, REG

VOMi,r) * qo(i,r) = sun{j,PROD COW VFMi,j,r) * gofe(i,j,r)}
+ VOMi,r) * endwslack(i,r) ;

EQUATI ON MKTCLENDWS

# Mar KeT CLearing for the Sl uggi sh ENDowrent commodities #
(all,i, ENDN5_COW) (al |, j, PROD_ COW) (al |, r, REG

qgoes(i,j,r) =qfe(i,j,r);

EQUATI ON PRI VATEXP
# PRI VATe househol d EXPenditure #
(all,r, REG
PRIVEXP(r) * yp(r) = INCOVE(r) * y(r)
- SAVE(r) * [psave + gsave(r)]
- sun{i, TRAD_COMWM VGA(i,r) * [pg(i,r) + qg(i,r)1} ;

EQUATI ON REG ONALI NCOVE # REGQ ONAL | NCOVE #
(all,r, REG
I NCOVE(r) * y(r)
= sun{i, ENDWCOW VQA(i,r) * [ps(i,r) + qo(i,r)] }
- VDEP(r) * [pcgds(r) + kb(r)]
+ sun{j, MOOW_COW VOA(j,r) * [ps(j.r) + qo(j,r)]
- sun{i, TRAD COW VFA(i,j,r) * [pf(i,j,r) +qaf(i,j,r)] }
- VA(j,r) * [pva(j,r) +ava(j,r)] }
+ sunm{i, NSAV_COW VOMi,r) * [pm(i,r) + qo(i,r)]

- VOA(i,r) * [ps(i,r) +qo(i,r)] }
+ sun{i , ENDWM COW sur{j,PRCD COW VFA(i,j,r) * [pfe(i,j,r) + gfe(i,j,r)]

- VEMi,j,r) * [pn(i,r) + afe(i,j,r)] }}
+ sun{i, ENDW5_COW sun{j, PRCD_COW
VFA(i,j,r) * [pfe(i,j,r) + afe(i,j,r)]
- VFEMi,j,r) * [pres(i,j,r) +afe(i,j,r)] }}
+ sun{t, REG sun{j, PROD_ COW sun{i, PCOVW_COW
VFAS(i,t,j,r) * [pfs(i,t,j,r) + ghnfs(i,t,j,r)]

- VFMS(i,t,j,r) * [prs(i,t,r) + ghnfs(i,t,j,r)] }}}

+ sun{t, REG sun{j, PROD_COW sun{i, MCOVW_COW
VFAS(i,t,j,r) * [pfs(i,t,j,r) + qgdffs(i,t,j,r)]
- VFMB(i,t,j,r) * [prs(i,t,r) + qdffs(i,t,j,r)] }}}
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+ sun{t, REG sun{i, PCOW_COMM VPAS(i,t,r) * [pps(i,t,r) + ghnps(i,t,r)]

- VPMB(i,t,r) * [pms(i,t,r) + ghnps(i,t,r)] }}
+ sun{t, REG sun{i, MCOW_COMM VPAS(i,t,r) * [pps(i,t,r) + qdfps(i,t,r)]

- WPMB(i,t,r) * [pms(i,t,r) + qgdfps(i,t,r)] }}
+ sun{t, REG sun{i, PCOW_COMM VGAS(i,t,r) * [pgs(i,t,r) + ghngs(i,t,r)]

- VGVB(i,t,r) * [pns(i,t,r) + ghngs(i,t,r)] }}
+ sun{t, REG sun{i, MCOW_COMM VGAS(i,t,r) * [pgs(i,t,r) + qdfgs(i,t,r)]

- vavs(i,t,r) * [pms(i,t,r) + qdfgs(i,t,r)] }}

+ sun{t, REG sun{i, TRAD COW VSWD(i,r,t) * [pfob(i,r,t) + qgs(i,r,t)]

- VSM(i,r,t) * [pn(i,r) +qgs(i,r,t)] }}
+ sun{t, REG sun{i, TRAD COW VDMB(i,t,r) * [pms(i,t,r) + qgs(i,t,r)]

- VDWs(i,t,r) * [pcif(i,t,r) +gs(i,t,r)] }}

+ I NCOVE(r) * incomeslack(r)

EQUATI ON KEND # ENDi ng capital stock #
(all,r, REG
ke(r) = INVKERATIO(r) * qgcgds(r) + [1.0 - INVKERATIQ(r)] * kb(r) ;

EQUATI ON WALRAS S # Supply of investnent goods (extra equation) #
wal ras_sup = gl obal cgds ;

EQUATI ON WALRAS D # Demand in the savings market (extra equation) #
G BINV * wal ras_dem = sun{r, REG SAVE(r) * qgsave(r)} ;

EQUATI ON WALRAS
# check WALRAS' |aw hol ds - endogenous wal rasl ack nust be zero #
wal ras_sup = wal ras_dem + wal rasl ack ;

! The following equations serve to link prices in different markets taking into
account taxes/subsidies. There are 6 types of taxes in this nodel: i mport taxes,
sour ce-generic vari abl e | evi es on i nter-regional i nports, export t axes,
destination-generic variable export subsidies on i nter-regional exports, out put
taxes, income taxes, primary factor taxes on firms, and comodity taxes levied both

on households and firns. !

EQUATI ON SUPPLYPRI CES
# Supply (Producer) price and nmarket price |inkage, TQ(i,r) <1 for tax #

(all,i,NSAV_COwW (all,r, REG
ps(i,r) =to(i,r) + pn(i,r) ;

EQUATI ON MPFACTPRI CE
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# firnms' denmand price and narket price for Mbile Primary FACTors #
(all,i, ENDMW COW) (all,j,PROD COW) (all,r, REG
pfe(i,j,r) =tf(i,j,r) +pn(i,r) ;

EQUATI ON SPFACTPRI CE

# firms' denmand price and nmarket price for Sluggish Primary FACTors #
(all,i,ENDNs_COW) (al |, j,PROD COW) (al |, r, REG

pfe(i,j,r) =tf(i,j,r) + pmes(i,j,r) ;

EQUATI ON PHHDPRI CE

# Private HouseHol D denmand price and market price for tradable comodities #
(all,i, TRAD COW) (all,r, REG (all, s, REG

pps(i,r,s) =tps(i,r,s) + pns(i,r,s) ;

EQUATI ON GHHDPRI CE

# Covernment demand price and market price for tradable comodities #
(all,i, TRAD_ COW) (al |, r, REG (all, s, REG

pgs(i,r,s) = tgs(i,r,s) + pms(i,r,s) ;

EQUATI ON DVNDDPRI CE
# firms' demand price and narket price for tradable conmmodities #

(all,i, TRAD COW) (all,r,REG (all,j, PROD COW) (all, s, REG
pfs(i,r,j,s) =tfs(i,r,j,s) + pns(i,r,s) ;

EQUATI ON MKTPRI CES

# domestic and world narket price for (source-specific) inports #
(all,i, TRAD COW) (all,r,REQ (all, s, REG

pms(i,r,s) =[1 - DELTA(r,s)] * [tn(i,s) + tns(i,r,s)] + pcif(i,r,s) ;

EQUATI ON EXPRI CES

# domestic and world nmarket price for (destination-specific) exports #
(all,i, TRAD COW) (all,r,REQ (all, s, REG

pfob(i,r,s) =pn(i,r) - [1 - DELTA(r,s)] * [tx(i,r) + txs(i,r,s)] ;

! Fi rm Behavi oral Equati ons

I Conposite Intermediates Nest, qf(i,j,s), i | N PCOW_COW

EQUATI ON | NDPCCOVPR
# INDustry PRice for Perfectly Conpetitive COWosite comodity #

(all,i,PCOVW_COW) (all,j,PROD COW) (all,s, REG
pf(i,j,s) = FMBHR(i,j,s) * pfm(i,j,s) +[1 - FMBHR(i,j,s)] * pfs(i,s,j,s)
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EQUATI ON | NDI MPPR

# INDustry PRice for composite | MPort commodity #

(all,i,PCOVW_COW (all,j,PROD COW) (al |, s, REQ

pfr(i,j,s) = sum{r,REG [1 - DELTA(r,s)] * FMBHRS(i,r,j,s) * pfs(i,r,j,s)} ;

EQUATI ON | NDI VP

# INDustry demand for composite | MPort commodity #
(all,i,PCOVMP_COW (al |, j, PROD_ COW) (al |, s, REQ

afn(i,j,s) =af(i,j,s) + ESUBD(i) * [pf(i,j,s) - pfn(i,j,s)]

EQUATI ON | NDSRCPC
# INDustry demand for SouRCed Perfectly Conpetitive comodity #
(all,i,PCOMP_COMW) (all,r,REG (all,j, PROD_COW (al |, s, REG
ghnfs(i,r,j,s) D VFEMS(i,r,j,s)

* [DELTA(r,s) * {af(i,j,s)

+ ESUBD(i) * [pf(i,j,s) - pfs(i,s,j,s)]}

+ [1 - DELTA(r,s)] * {agfnm(i,j,s) + ESUBMi)

* [pfn(i,j,s) - pfs(i,r.j,s)l}] ;

I Conposite Internediates Nest, gf(i,j,s), i |IN MOW_COW

EQUATI ON | NDSRCDF
# | NDustry demand for SouRCed D Fferentiated cormodity #
(all,i,MMcOWP_COW(all,r,REG(all,j,PRCOD COW) (all,s, REG
qdffs(i,r,j,s) =qf(i,j,s) + n(i,r)

+ SIGWA(I) * [pf(i,j,s) - pfs(i,r,j,s)]

EQUATI ON | NDDFCOVPR
# INDustry PRice for D Fferentiated COWosite commodity #
(all,i,MOMW_COW (all,j,PROD COW) (all,s, REG
pf(i,j,s) = sum{r, REG FTHETA(i,r,j,s) * pfs(i,r,j,s)}
- {U[SIGWA(i) - 1]} * vi(i,j,s) ;

EQUATI ON | NDVARI N

# INDustry VAR ety | Ndex #

(all,i,MMOW_COW (all,j,PRCD COW (all,s, REQ
vi(i,j,s) = sum{r, REG FTHETA(i,r,j,s) * n(i,r)} ;

I Val ue-added Nest, j I N PROD_COW

EQUATI ON VAPRI CE

# (Effective) PRICE of Val ue-Added conposite #
(all,j,PROD . COW) (all,r, REG

pva(j,r) = sum{k, ENDWCOW SVA(k,j,r) * [pfe(k,j,r) - afe(k,j,r)]} ;
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EQUATI ON  ENDWDENAND
# DEMAND f or ENDoWrent conmodity #

(all,i, ENDWCOW) (all,j,PROD COW (all,r, REG)
gfe(i,j,r) = DEVFA(i,j,r) * { - afe(i,j,r) + qva(j,r)
- ESUBVA(j) * [pfe(i,j,r) - afe(i,j,r) - pva(j,r)] } :

! Val ue-added Nest, j I N MoOVP_COW

EQUATI ON VAFDENAND
# inperfectly conpetitive industry DEMAND for Fixed Val ue- Added #

(all,j, MOOMP_COW) (al | , s, REQ
gvaf(j,s) =n(j,s) + ao(j,s) ;

EQUATI ON VATOT
# inperfectly conpetitive industry demand for TOTal Val ue- Added #
(all,j,MOW_COW) (al |, s, REG
ava(j,s) = [VAV(j,s)/VA(j,s)] * qvav(j,s)
+ [VAR(j,s)/VA(j,s)] * qvaf(j,s)

I Total CQutput Nest

EQUATI ON VADENMAND

# perfectly conpetitive industry DEMAND for Val ue- Added conposite #
(all,j,PCCEDs_COW) (all, r, REG

gva(j,r) +ava(j,r) =qo(j,r) - ao(j,r);

EQUATI ON VAVDENAND

# inperfectly conpetitive industry DEMAND for Variabl e Val ue- Added #
(all,j,MOW_COW (al |, s, REG

gvav(j,s) + avav(j,s) = qo(j,s) - ao(j,s)

EQUATI ON | NTDEMAND

# industry DEMAND for comnposite | NTernediate input #

(all,i, TRAD. COMW) (al | ,j, PROD_ COW) (al |, r, REQ

af (i,j,r) =D VFA(i,j,r) * [ - af(i,j,r) +qo(j,r) - ao(j,r) I;

I Zero Profits Equations

EQUATI ON PZERCPROFI TS

# ZERO pure PROFIT condition for firms in the Perfectly conpetitive industry #

I This equation determines the endogenous output Ilevel in the perfectly conpetitive
sector. !

(all,j,PCaS _COW (all, r, REG
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VOA(j, 1) * [ps(j,r) +ao(j,r)] =
sun{i, ENDWCOW VFA(i,j,r) * [pfe(i,j,r) - afe(i,j,r) - ava(j,r)]}
+ sun{i, TRAD COW VFA(i,j,r) * [pf(i,j,r) - af(i,j,r)]}
+ VOA(j,r) * zppslack(j,r);

EQUATI ON MKUPRI CE
# MarKup pricing (wth constant markup) #
I This equation determines the endogenous output per firm in the nonopolistically

conpetitive industry. !

(all,j, MOW_COW) (al |, r, REG
ps(j,r) = avc(j,r) + nkupslack(j,r)

EQUATI ON AVERAGEVC

# AVERAGE Vari abl e Cost #

(all,j,MOW_COW (all,r, REG

VC(j,r) * avce(j,r) = sun{i, TRAD COM VFA(i,j,r) * pf(i,j,r)}
+ VAV(j,r) * pva(j,r) + V(j,r) * ao(j,r)

EQUATI ON SCLCONATC

# Average Total Cost at CONstant SCale #

(all,j,MOW_COW (all, r, REG

VOA(j,r) * scatc(j,r) = sun{i, TRAD COW VFA(i,j,r) * pf(i,j,r)}
+ VA(j,r) * pva(j,r) + VOA(j,r) * ao(j,r) ;

EQUATI ON MZERCPROFI TS
# ZERO pure PROFIT condition for firms in the Mnopolistically conmp industry #
I This equation determnes the endogenous nunber of firms in the nonopolistically
conpetitive industry due to entry/exit of firns. !
(all,j,MOW_COW) (al |, r, REG
VOA(j,r) * ps(j,r) = VOA(j,r) * scatc(j,r)
- VAF(j,r) * qof(j,r) + zpislack(j,r) ;

EQUATI ON | NDOQUTPUT
# INDustry QUTPUT in the nonopolistically conpetitive industry #

(all,j, MOOMP_COW) (al | , r, REQ
qo(j,r) =qof(j,r) +n(j,r) ;

! Househol d Behavi oral Equati ons !

I Regional Wility

EQUATI ON UTI LI TY
# per capita regional UTILITY #
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(all,r, REG
I NCOVE(r) * u(r)

PRI VEXP(r) * up(r)
GOVEXP(r) * [ ug(r) - pop(r) ]
SAVE(r) * [ gsave(r) - pop(r)]

+ o+

I Regi onal Savings

EQUATI ON SAVI NGS

# regi onal demand for savings #

I This is derived from an aggregate Cobb-Douglas wutility function where the pop(r)
terns again cancel. !

(all,r, REG

gsave(r) = y(r) - psave + saveslack(r)

! Cover nnent Behavi oral Equati ons !

| Governnent Wility

EQUATI ON GOVERTU
# Wility fromregional government consunption #

! In sone closures this index of government activity may be fixed, in which case
govslack is endogenized. In this case the mx of regional expenditures changes and
the aggregate utility index no | onger applies. !

(all,r, REG

ug(r) = y(r) - pgov(r) + govslack(r)

! Governnent Dermand for Conposite CGoods

EQUATI ON GPRI CEl NDEX

# PRI CE | NDEX for aggregate CGovernment purchases #

(all,r, REG

pgov(r) = sun{i, TRAD COW [VGA(i,r)/GOVEXP(r)] * pg(i,r)}

EQUATI ON GOVDMNDS

# Government denand for conposite comodity #

! Note that the pop(r) argument in per capita incone and that in per capita
consunption cancel due to honotheticity. !

(all,i, TRAD COM) (al |, r, REG)
qg(i,r) =wug(r) - [ pg(i,r) - pgov(r) ] ;

I Governnent Demand for Sourced Tradabl es, ghngs(i,r,s), i I N PCOW_COW
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EQUATI ON GOVPCCOVPR

# GOVernment PRice for Perfectly Conpetitive conposite COVhodity #
(all,i,PCOW_COW) (al |, s, REG

pg(i,s) = GWBHR(i,s) * pgn(i,s) + [1 - GVBHR(i,s)] * pgs(i,s,s)

EQUATI ON GOVI MPPR

# GOVernment PRice for conposite | MPort comodity #
(all,i,PCOVW_COW) (all, s, REG

pgn(i,s) = sum{r,REG [1 - DELTA(r,s)] * GVBHRS(i,r,s) * pgs(i,r,s)}

EQUATI ON &ovI WP

# GOVer nment denand for conposite | MPort commodity #
(all,i,PCOW_COW) (al |, s, REG

qgn(i,s) = qg(i,s) - ESUBIi) * [pgn(i,s) - pg(i,s)] ;

EQUATI ON GOVSRCPC
# GOVer nment denand for SouRCed Perfectly Conpetitive comodity #
(all,i,PCOVWP_COW (all,r,REG (all,s, REG
ghmgs(i,r,s) D VGvB(i,r,s)
* [DELTA(r,s) * {qg(i,s) + ESUBD(i)
* [pg(i,s) - pgs(i,s,s)]}
+ [1 - DELTA(r,s)] * {qgn(i,s) + ESUBMi)
* [pgn(i,s) - pgs(i,r,s)]}] ;

! Governnent Dermand for Sourced Tradables, qdfgs(i,r,s), i |I'N MOW_COW

EQUATI ON GOVSRCDF
# GOvernment demand for SouRCed D Fferentiated commodity #
(all,i,MOW_COW) (all,r,REGQ (all,s, REQ
qdfgs(i,r,s) =qg(i,s) + n(i,r)
- SIGWA(i) * [pgs(i,r,s) - pg(i,s)] ;

EQUATI ON GOVDFCOVPR
# GOVernment PRice index for D Fferentiated COWosite comodity #
(all,i,MOW_COW) (all,s, REG
pa(i,s) = sum{r, REG GIHETA(i,r,s) * pgs(i,r,s)}
- {U[SIGwW(i) - 1]} * vg(i,s)

EQUATI ON GOWAR! N
# GOVernment VAR ety | Ndex #
(all,i,MMOW_COW (all, s, REG

vg(i,s) = sun{r, REG GIHETA(i,r,s) * n(i,r)} ;
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! Private Househol d Behavi oral Equations !

I Private Household Uility

EQUATI ON PRI VATEU
# PRI VATE household Wility from consunption #
I This equation is based on the per capita private expenditure function. !

(all,r, REG

yp(r) = sun{i, TRAD_ COW [CONSHR(i,r) * pp(i,r)]}
+ sun{i, TRAD COW [CONSHR(i,r) * INCPAR(i,r)]} * up(r)
+ pop(r) ;

! Private Househol d Denand for Conposite Commodities

EQUATI ON PRI VDIVNDS
# PRI Vat e househol d demand for conposite comodity #
| Denmand system is on a per capita basis. Here, [yp(r) - pop(r)] is percentage change

in per capita incone. !
(all,i, TRAD. COW) (al |, r, REG
gpe(i,r) = sun{k, TRAD COW EP(i,k,r) * pp(k,r)}
+ EY(i,r) * [ yp(r) - pop(r) ] + pop(r) ;

I Private Househol d Demand for Sourced Tradeabl e, ghmps(i,r,s),i | N PCOW_COW

EQUATI ON PHLDPCCOVPR

# Private HouseholLD PRice for Perfectly Conpetitive COVWosite comodity #
(all,i,PCOW_COW) (al |, s, REG

pp(i,s) = PMBHR(i,s) * ppn(i,s) + [1 - PVMBHR(i,s)] * pps(i,s,s) ;

EQUATI ON PHLDI MPPR

# Private HouseholLD PRice for conposite | MPort comodity #
(all,i,PCOVW_COW (all,s, REG

ppr(i,s) = sum{r,REG [1 - DELTA(r,s)] * PMBHRS(i,r,s)*pps(i,r,s)} ;

EQUATI ON PHLDI WP

# Private HouseholLD denmand for conposite | MPort comodity #
(all,i,PCOW_COW) (al |, s, REG

apn(i,s) = qp(i,s) - ESUBIi) * [ppn(i,s) - pp(i,s)] ;

EQUATI ON PHLDSRCPC
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# Private HouseholLD PRice for SouRCed Perfectly Conpetitive commodity #
(all,i,PCOVW_COW (all,r,REG (all,s, REG
ghnps(i,r,s) = D VPMS(i,r,s)
* [DELTA(r,s) * {ap(i,s) + ESUBD(i) * [pp(i,s) - pps(i,s,s)]}
+ [1 - DELTA(r,s)] * {gpn(i,s) + ESUBMi)
* [ppn(i,s) - pps(i,r,s)1}];

I Private Househol d Demand for Sourced Tradeabl e, qdfps(i,r,s),i |IN MoOW_COW

EQUATI ON PHLDSRCDF
# Private HousehoLD demand for SouRCed Di Fferentiated commodity #
(all,i,MOMW_COW (all,r,REG (all,s, REG
qdfps(i,r,s) = qp(i,s) + n(i,r)
- SIGWA(i) * [pps(i,r,s) - pp(i,s)] ;

EQUATI ON PHLDDFCOVPR
# Private HouseholLD PRice for D Fferentiated COWosite comodity #
(all,i,MOW_COW (all,s, REG
pp(i,s) = sum{r, REG PTHETA(i,r,s) * pps(i,r,s)}
- {U[SIGW(i) - 1]} * vp(i,s) ;

EQUATI ON PHLDVARI N

# Private HousehoLD VAR ety | Ndex #
(all,i,MOW_COW (all,s, REG

vp(i,s) = sun{r, REG PTHETA(i,r,s) * n(i,r)} ;

EQUATI ON ENDW PRI CE

# conposite PRI CE for sluggi sh ENDoWrent #

(all,i, ENDN5_COW) (al |, r, REG

pr(i,r) = sum{k, PROD_ COW REVSHR(i,k,r) * pnes(i,k,r)} ;

EQUATI ON ENDW SUPPLY
# SUPPLY of sluggi sh ENDoWrent across sectors #

(all,i, ENDW5_COW) (al |, j, PROD COW) (al |, r, REG
qoes(i,j,r) =qo(i,r) - endwslack(i,r) + ETRAE(i) * [pm(i,r) - pmes(i,j,r)]

! Capital Stock and Rate of Return Equations

EQUATI ON KAPSVCES
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# supply of capital services (re-defined for conveni ence) #

(all,r, REG

ksvces(r) =

sun{h, ENDAC_ COW [VQA(h, r) / sun{k, ENDAC COW VQA(k,r)}] * qo(h,r)} ;

EQUATI ON KAPRENTAL

# capital rental rate (re-defined for conveni ence) #

(all,r, REG

rental (r) =

sun{ h, ENDANC_ COW [VQA(h,r) / sun{k, ENDWC COW VQA(K,r)}] * ps(h,r)} ;

EQUATI ON CAPGOODS

# supply of gross investment (re-defined for conveni ence) #
(all,r, REG

gcgds(r) = sun{h,CGS_COW [VQA(h,r) / REGNV(r)] * qo(h,r)} ;

EQUATI ON PRCGOCDS

# price of investnent (cgds) (re-defined for convenience) #
(all,r, REG

pcgds(r) = sum{h, C&@S COW [VQA(h,r) / REANV(r)] * ps(h,r)} ;

EQUATI ON KBEG NNI NG

# begi nni ng-of -period capital stock #

I This equation equates the change in capital services during the period to the change
i n begi nni ng-of -period capital stock. Full capacity utilization is assuned. !

(all,r, REG

kb(r) = ksvces(r)

EQUATI ON RORCURRENT

# CURRENT Rate O Return on capital in regionr #
(all,r, REG

rorc(r) = GRNETRATIQ(r) * [rental (r) - pcgds(r)]

EQUATI ON ROREXPECTED

# EXPECTED Rate O Return (depends on current rate of return and investment) #
(all,r, REG

rore(r) =rorc(r) - RORFLEX(r) * [ke(r) - kb(r)]

! d obal Investnent Equations !

EQUATI ON RORG-OBAL
# global supply of investnment/global rental rate on investnent (RORDELTA=0/1) #
(all,r, REG

RORDELTA * rore(r)
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+ [1 - RORDELTA] * {[REGA NV(r)/NETINV(r)] * qgcgds(r)
- [VDEP(r)/NETINV(r)] * kb(r)}
= RORDELTA * rorg + [1 - RORDELTA] * gl obal cgds + cgdsl ack(r) ;

EQUATI ON GLOBALI NV

# gl obal investnent/expected global rate of return on capital (RORDELTA=0/1) #
RORDELTA * gl obal cgds

[1 - RORDELTA] * rorg

RORDELTA * [ sunm{r, REG [REQ NV(r)/G.OBINV] * qgcgds(r)

[ VDEP(r)/ GOBINV] * kb(r)} ]

[1 - RORDELTA] * [ sum{r,REG [NETINV(r)/GOBINV] * rore(r)} 1]

n +

+

EQUATI ON PRI CGDS
# price index for aggregate investnent (global cgds conposite) #
psave = sum{r, REG [NETINV(r) / G.OBINV] * pcgds(r)} ;

! d obal Transportation (Shipping Industry) Equations !

EQUATI ON PTRANS

# price index for transportation services based on zero profits #

! Sales to international transport sector are not subject to export tax and hence
these sales are evaluated at market prices. !

VT * pt = sun{i, TRAD COMM sun{r,REG VST(i,r) * pnm(i,r)}} ;

EQUATI ON TRANSVCES
# demand for regional supply of global transportation services #
I W assume a unitary elasticity of substitution between transportation services

inputs fromdifferent regions. !
(all,i, TRAD. COW) (al |, r, REG
gst(i,r) = D_VST(i,r) * [ qt + [pt - pn(i,r)] I;

EQUATI ON QTRANS
# gl obal demand for international transportati on services #
! The dermand for services along any particular route is assumed to be proportional to
the quantity of nerchandi se shipped. !
VT * gt = sun{i, TRAD COMWM sun{r, REG sun{s, REG VIWR(i,r,Ss)
* [ags(i,r,s) - atr(i,r,s)] }}} ;

EQUATI ON FOBC F
# fob and cif price linkage for good i shipped fromregionr to s #
(all,i, TRAD COW) (all,r,REQ (all, s, REG
pcif(i,r,s) = FOBSHR(i,r,s) * pfob(i,r,s)
+ TRNSHR(i,r,s) * [pt - atr(i,r,s)]
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! The following equations do not affect equilibrium structure
they calculate nmany wuseful summary statistics. The wuser is
these in sonme detail. Note that quantity indices are always
the change in value and price. !

! Regi onal Terns of Trade Equations

EQUATI ON REGSUPRI CE
# index of prices received for tradeabl e products produced in r #
(all,r, REG

VWDSALES(r) * psw(r)

sun{i, TRAD COW sum{s,REG [1 - DELTA(r,s)]
VSWD(i,r,s) * pfob(i,r,s)}

VST(i,r) * pn(i,r)}

NETI NV(r) * pcgds(r) ;

*

+

+

EQUATI ON REGDEMPRI CE
# index of prices paid for tradeable products used in r #
(all,r, REG

VW.DDEMAND(r) * pdw(r)

sun{i, TRAD_ COMM sun{k, REG [1- DELTA(K,r)]

* VDWB(i,k,r) * pcif(i,k,r)}}
+ SAVE(r) * psave ;

EQUATI ON TOTeq

# Ternms of trade equation conputed as difference in psw and pdw #
(all,r, REG

tot(r) = psw(r) - pdw(r) ;

EQUATI ON EVREG

# Equival ent Variation for the REG on #

(all,r, REG

EV(r) = [INC(r)/100] * [URATIQ(r) * POPRATIQ(r)] * [u(r) + pop(r)]

EQUATI ON EVWALD
# Equival ent Variation for the WorlLD #

VWEV - sum{r,REG EV(r)} =0 ;

I Consuner Price Index for Private Househol d

EQUATI ON PHHLDI NDEX
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# price index for private househol d expenditures #
(all,r, REG
PRI VEXP(r) * ppriv(r) = sun{i, TRAD_ COMW VPA(i,r)* pp(i,r)} ;

! GDP value, price and quantity indices

EQUATI ON VGDP_r

# value of GDP in region #

(all,r, REG

GDP(r) * vgdp(r)

sun{i, TRAD_COW VGA(i,r) * [ag(i,r) + pg(i,r) ]}

sun{i, TRAD_COW VPA(i,r) * [ap(i,r) + pp(i,r) ]}

REG NV(r) * [qcgds(r) + pcgds(r)]

sum{i, TRAD COW sum{s, REG VSWX(i,r,s) * [qgs(i,r,s) + pfob(i,r,s)]}}
sun{i, TRAD_ COW VST(i,r) * [gst(i,r) + pn(i,r)]}

sun{i, TRAD COW sunm{s, REG VDW5(i,s,r)* [qgs(i,s,r) + pcif(i,s,r)]}} ;

+ o+ + o+

EQUATI ON PGDP_r

# gdp price index #

(all,r, REG

GDP(r) * pgdp(r)

sum{i, TRAD COW VGA(i,r) * pg(i,r)}

sum{i, TRAD COW VPA(i,r) * pp(i,r)}

REG NV(r) * pcgds(r)

sum{i, TRAD COW sun{s, REG VSWXi,r,s) * pfob(i,r,s)}}
sum{i, TRAD COW VST(i,r) * pn(i,r)}

sum{i, TRAD COW sun{s, REG VDW&(i,s,r) * pcif(i,s,r)}} ;

+ o+ o+ o+

EQUATI ON QGDP_r

# gdp quantity index #
(all,r, REG

agdp(r) = vgdp(r) - pgdp(r) ;

I Val ue | ndi ces

I Defined over extraregional exports and inports ONLY. !

EQUATI ON VREGEX i r
# the change in FOB value of exports of commodity i fromr #

(all,i, TRAD COM) (al |, r, REG)
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VXWi,r) * vxwfob(i,r) sum{s, REG [1 - DELTA(r,s)] * VSWXi,r,s)
[gs(i,r,s) + pfob(i,r,s)]}

VST(i,r) * [gst(i,r) + pm(i,r)] ;

*

+

EQUATION VREGA Mi s

# the change in CGF value of inports of coomodity i into s #

(all,i, TRAD COW) (al |, s, REG

VIWi,s) * viwif(i,s) = sum{r,REG [1 - DELTA(r,s)] * VDW(i,r,s)
* [pcif(i,r,s) + qgs(i,r,s)]}

EQUATI ON VREGEX r

# computes % change in val ue of merchandi se exports, by region #
(all,r, REG

VMREG ON(r) * vxweg(r) = sun{i, TRAD COW VXWi,r) * vxwfob(i,r)}

EQUATI ON VREG M s

# conputes % change in value of inports, cif basis, by region #
(all,s, REG

VIVREG ON(s) * viweg(s) = sun{i, TRAD COW WM Wi,s) * viwif(i,s)}

EQUATI ON VWALDEX i

# conputes % change in fob value of global exports, by comodity #
(all,i, TRAD COW)

VXWCOMMOD(i ) * vxweon(i) = sum{r, REG VXWi,r) * vxwfob(i,r)} ;

EQUATI ON VWALDI M.
# conputes % change in value of global inports, by comodity #
(all,i, TRAD COW)
VIWCOMMOD(i) * viwcon(i) = sum{s,REG VMIWi,s) * viwcif(i,s)} ;

EQUATI ON WALDEX
# conputes % change in value of global exports #
VWD * vxwwl d = sun{r, REG VXWREG ON(r) * vxweg(r)} ;

EQUATI ON VWALDQOUT
# change in value of world output of commodity i at fob prices #

(all,i, TRAD COW)
VWAOWNi) * valuewm(i) = sum{r, REG VONi,r) * [pxw(i,r) + qo(i,r)]}

! Price Indices

EQUATI ON PREGEX i r

# the change in FOB price index of exports of commodity i fromr #

(all,i, TRAD. COM) (al |, r, REG)

VXWi,r) * pxw(i,r) = sum{s,REG [1 - DELTA(r,s)] * VSWX(i,r,s) * pfob(i,r,s)}
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+ VST(i,r) * pn(i,r)

EQUATI ON PREG Mi s
# the change in cif price index of inports of comodity i into s #

(all,i, TRAD COW) (al |, s, REG
VIWi,s) * piwm(i,s) = sun{r,REG [1 - DELTA(r,s)]*VDWs(i,r,s) * pcif(i,r,s)}

EQUATI ON PREGEX_r

# conputes % change in price index of exports, by region #
(all,r, REG

VXWREG ON(r) * pxwreg(r) = sun{i, TRAD COW VXWi,r) * pxw(i,r)} ;

EQUATI ON PREG M s

# conputes % change in price index of inports, by region #
(all,s, REG

VIWREG ON(s) * piweg(s) = sun{i, TRAD COWM WVIWi,s) * piwi,s)} ;

EQUATI ON PWLDEX i

# conputes % change in price index of exports, by comodity #
(all,i, TRAD COW)

VXWCOMMOD( i) * pxweon(i) = sun{r, REG VXWi,r) * pxw(i,r)} ;

EQUATI ON PW.DI M i
# conputes %change in price index of inports, by comodity #
(all,i, TRAD COW)
VIWCOMMOD(i) * piwcon(i) = sun{s, REG VIWi,s) * piwi,s)} ;

EQUATI ON PW.DEX
# conmputes % change in price index of global exports #
VWD * pxww d = sun{r, REG VXWREG ON(r) * pxweg(r)} ;

EQUATI ON PW.DQOUT
# change in index of world prices, fob, for total production of i #

(all,i, TRAD COW)
WONi) * pw(i) = sun{r, REG VONi,r) * pxw(i,r)} ;

I Quantity Indices

EQUATI ON QRECEX i r
I The change in volune of exports of commodity i fromr.
This is generated by deflating a val ue aggregate. !

(all,i, TRAD COW (al |, r, REG
oxw(i,r) = vxwfob(i,r) - pxwi,r) ;

EQUATI ON QREG M i s
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I The change in volune of inports of comodity i into s.
This is generated by deflating a val ue aggregate. !

(all,i, TRAD COW (al I, s, REG

qgiwi,s) =viwif(i,s) - piwi,s)

EQUATI ON QREGEX r

# computes % change in quantity index of exports, by region #
(all,r, REG

gxweg(r) = vxweg(r) - pxweg(r)

EQUATI ON QREG M s

# computes % change in quantity index of inmports, by region #
(al'l,s, REG

giweg(s) = viweg(s) - piweg(s)

EQUATI ON QMLDEX i
# conputes % change in quantity index of exports, by commodity #
(all,i, TRAD_COW)

gxweon(i) = vxwecon(i) - pxwcon(i)

EQUATI ON QALDI M i

# conputes % change in quantity index of inports, by comodity #
(all,i, TRAD_COW)

giwcon(i) = viwcon(i) - piwcon(i)

EQUATI ON QALDEX
# conputes % change in quantity index of global exports #
gxwi d = vxwa d - pxwwl d ;

EQUATI ON QALDOUT

# change in index of world production of i #
(all,i, TRAD COW)

qow(i) = valuew(i) - pw(i) ;

EQUATI ON TRADEBAL _i
# conputes change in trade bal ance by comodity and by region #
(all,i, TRAD COW (al |, r, REG
DTBALi (i,r) = [VXWi,r)/100] * vxwfob(i,r)
- [MIWi,r)/100] * viwcif(i,r) ;

EQUATI ON TRADEBALANCE

# conputes change in trade balance (X - M, by region #

(all,r, REG

DIBAL(r) = [VXWREA ON(r)/100] * vxweg(r) - [VIWVREG ON(r)/100] * viweg(r) ;
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