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1 Introduction

The FTAP model is a comparative static, computable general equilibrium model of
the world economy that includes a treatment of foreign direct investment on a
bilateral basis. The FTAP model was developed in stages from the GTAP model,
with the addition of the structure necessary to support the analysis of services
liberalisation. A major component of this liberalisation is the removal of barriers to
FDI in the tertiary sector.

This research memorandum documents the equations of the FTAP model. The
database is documented in Stone, Strzlecki and Welsh (1999) and Hanslow,
Phamduc, Verikios and Welsh (1999). The current database is a 19 region, 3
commodity (primary, secondary and tertiary) representation of the world economy
after the full implementation of the Uruguay Round (UR) of trade liberalisation.
The concordances between GTAP and FTAP regions, and between FTAP and
GTAP commodities, are shown in tables 1.1 and 1.2 at the end of this chapter.

The equations of the FTAP model are non-linear, but are specified in linearized
form for solution by the GEMPACK software (Harrison and Pearson 1996). In the
following chapters, all FTAP equations are also written in linearized form in the
GEMPACK TABLO language. Within these equations, names in capital letters are
GEMPACK coefficients (that is, values in or calculated from the FTAP database),
while names in lower case letters are GEMPACK variables (that is, absolute or
percent changes in the variables occurring in the non-linear FTAP equations).

This research memorandum is intended to provide self-contained documentation for
the FTAP equation system. Thus al FTAP equations are described in this
document, even the many equations unaltered from the original GTAP model.

It has been decided to document the process by which FTAP evolved step by step
from GTAP, rather than just document the final FTAP equation system. There are
two reasons for this.

First, athough much of FTAP is similar in structure to GTAP, the FTAP equations

appear very different and are less transparent, due to the use of various ‘tricks’ in

the implementation to save on memory and increase computational speed. Thus a
discussion of the antecedents of FTAP is helpful in introducing the reader to a

INTRODUCTION 1



model structure that is obscured somewhat in the final equation system, due to these
complexities of implementation.

Second, this research memorandum can double as documentation for one of the
intermediate products of the FTAP development process — GTAP with
international capital mobility, or GTAPICM. This is important since not only has
GTAPICM been used for analysis of the Uruguay Round (Verikios & Hanslow
1999), but the output of this analysis — a post-UR GTAP database — was used as
the starting point for the FTAP database (Hanslow, Phamduc, Verikios & Welsh
1999).

Chapter 2 of this research memorandum provides a verbal and pictorial description
of the distinctive features of FTAP. Such an overview of the final product serves
two purposes. First, a non-algebraic description of FTAP may be sufficient for
many model users. Second, it provides a sense of the ‘destination to which we are
travelling’ for those wishing to work through the algebraic representation of FTAP.

Chapters 3 to 9 of this research memorandum correspond to the stages of FTAP
development.

Chapter 3 documents the changes made to the GTAP model in order to incorporate
international capital mobility (ICM) into its theoretical structure and database. This
procedure closely follows that set out in McDougall (1993b), which describes the
implementation of international capital mobility into GTAP’s predecessor,
SALTER. Foreign income flows must be added to the GTAP income accounting
equations, and contributions from these income flows must be added to the welfare
decomposition. The international capital mobility version of GTAP is called
GTAPICM.

Chapter 4 describes how the international capital mobility introduced in GTAPICM
is modified so that the supply of equity capital by each (home) country is
imperfectly transformable across destination industries and (host) regions. The
treatment of capital supply is very similar to Petri (1997). It allows industry specific
bilateral ownership of capital to be modelled, and requires capital rentals to be
repatriated to the regions owning the capital. Extra terms arising from the foreign
equity capital income flows are added to the welfare decomposition.

Chapter 5 describes the changes to the equation structure required to allow the
separate specification of production by domestic and foreign-owned industries of
the same commodity type (primary, secondary or tertiary). At this stage,
GEMPACK set mappings are used in the model implementation to avoid the
introduction of many industries with zero inputs and outputs, corresponding to
home, host and industry combinations where no FDI occurs. An equation structure

2 THE STRUCTURE OF
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like that of asingle region model is used to represent input demands of al industries
spawned by the domestic/foreign ownership split, the 10 data for which is stored in
a single 10 table with columns ranging across a set whose elements map onto
(home, host, industry) triplets. Thus input demands are only modelled for non-null
industries.

Chapter 6 describes how the outputs of the domestic and foreign-owned industries
producing the same commodity type are distinguished as imperfectly substitutable
varieties of that commodity. At this stage an extra dimension, corresponding to the
region owning the industry producing a commodity, is added to the trade flows.
Consequently, an extra level is added to the GTAP nested CES
domestic/import/source choice. The pattern of the nesting reflects a judgement
about relative similarities between the varieties of a commodity produced by
industries with different (home, host) combinations. An extra level is also added to
the CES nest to capture firm-level product differentiation, the implementation of
which is via an endogenous technical change term (after the manner of Francois
1998).

Chapter 7 describes the changes to the welfare decomposition — an extra allocative
efficiency term — required due to the changes in the production structure
introduced in chapters1 and 6. The derivation of this extra term, however,
involves an interesting ‘piggybacking’ on the existing GTAP welfare
decomposition. The magnitude of the extra term was determined by representing it
as a type of technical efficiency change captured by the existing welfare
decomposition term for technical efficiency. Then some algebra was performed to
show how it could be written in terms of quantity changes multiplied by tax
revenues, as with other allocative efficiency terms in GTAP’s welfare
decomposition.

Chapter 8 describes the income accounting and welfare decomposition equations
required to account for the repatriation of the rents arising from barriers to services
trade. A combination of capital taxes, output taxes and export taxes are used to
represent barriers to services trade. But as these impediments are not in reality
taxes, it is important that the rents they generate be allocated to private agents (after
income taxation of the rents). The assumptions about which private agents receive
impediment rents, and the provisions in the model structure to vary these
assumptions, are described.

Chapter 9 deals with a variety of small issues. Equations defining useful summary
variables are described. Which of these equations are present in FTAP only, and
which are present in both GTAPICM and FTAP, will be indicated.

INTRODUCTION 3



Chapter 10 discusses a future research item: atering the definition of welfare to
account for the non-pecuniary benefits/costs of asset ownership implicit in the asset
supply function with less than perfect transformation described in chapter 4. A
proposal is formulated and the derivation of the asset supply function as the solution
of an optimisation problem is presented.

4 THE STRUCTURE OF
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Table 1.1

Concordance between GTAP and FTAP regions

GTAP region FTAP region Abbreviation used in FTAP
Australia Australia AUS
New Zealand New Zealand NZL
Japan Japan JPN
Republic of Korea Republic of Korea KOR
Indonesia Indonesia IDN
Malaysia Malaysia MYS
Philippines Philippines PHL
Singapore Singapore SGP
Thailand Thailand THA
Vietnam Rest of world RST
China China CHN
Hong Kong Hong Kong HKG
Taiwan Taiwan TWN
India Rest of world RST
Sri Lanka Rest of world RST
Rest of South Asia Rest of world RST
Canada Canada CAN
United States of America United States of America USA
Mexico Mexico MEX
Central America and Caribbean Rest of world RST
Venezuela Rest of world RST
Colombia Rest of Cairns Group ROC
Rest of Andean Pact Rest of world RST
Argentina Rest of Cairns Group ROC
Brazil Rest of Cairns Group ROC
Chile Chile CHL
Uruguay Rest of Cairns Group ROC
Rest of South America Rest of world RST
United Kingdom European Union EUN
Germany European Union EUN
Denmark European Union EUN
Sweden European Union EUN
Finland European Union EUN
Rest of European Union European Union EUN
European Free Trade Area Rest of world RST
Central European Associates Rest of world RST
Former Soviet Union Rest of world RST
Turkey Rest of world RST
Rest of Middle East Rest of world RST
Morocco Rest of world RST
Rest of North Africa Rest of world RST
South African Customs Union Rest of world RST
Rest of Southern Africa Rest of world RST
Rest of Sub Saharan Africa Rest of world RST
Rest of World Rest of world RST

INTRODUCTION



Table 1.2 Concordance between GTAP and FTAP commodities

GTAP commodity FTAP commodity Abbreviation used in FTAP
Paddy rice Primary Pri
Wheat Primary Pri
Cereal grains nec Primary Pri
Vegetables, fruit, nuts Primary Pri
Oil seeds Primary Pri
Sugar cane, sugar beet Primary Pri
Plant-based fibers Primary Pri
Crops nec Primary Pri
Bovine cattle, sheep and goats, horses Primary Pri
Animal products nec Primary Pri
Raw milk Primary Pri
Wool silk-worm cocoons Primary Pri
Forestry Primary Pri
Fishing Primary Pri
Coal Primary Pri
Ol Primary Pri
Gas Primary Pri
Minerals nec Primary Pri
Bovine cattle, sheep and goat, horse Primary Pri
meat prods

Meat products nec Primary Pri
Vegetable oils and fats Primary Pri
Dairy products Primary Pri
Processed rice Primary Pri
Sugar Primary Pri
Food products nec Primary Pri
Beverages and tobacco products Primary Pri
Textiles Secondary Sec
Wearing apparel Secondary Sec
Leather products Secondary Sec
Wood products Secondary Sec
Paper products, publishing Secondary Sec
Petroleum, coal products Secondary Sec
Chemical, rubber, plastic products Secondary Sec
Mineral products nec Secondary Sec
Ferrous metals Secondary Sec
Metals nec Secondary Sec
Metal products Secondary Sec
Motor vehicles and parts Secondary Sec
Transport equipment nec Secondary Sec
Electronic equipment Secondary Sec
Machinery and equipment nec Secondary Sec
Manufactures nec Secondary Sec

6 THE STRUCTURE OF
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Table 1.2 (continued)

GTAP commodity FTAP commodity Abbreviation used in FTAP
Electricity Tertiary Ter
Gas manufacture, distribution Tertiary Ter
Water Tertiary Ter
Construction Tertiary Ter
Trade, transport Tertiary Ter
Financial, business, Tertiary Ter
recreational services

Public admin and defence, Tertiary Ter
education, health

Dwellings Tertiary Ter

nec Not elsewhere classified
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2 Overview of the FTAP mode

This chapter provides a verbal and diagrammatic description of the FTAP model. It
Is intended to be a self-contained description of FTAP for those desiring a non-
algebraic presentation, and draws heavily on material in Dee and Hanslow (1999).

As some general familiarity with the GTAP modd is a prerequisite for
understanding FTAP, a brief verbal description of GTAP is presented in section 2.1.
Section 2.2 describes the FTAP model structure. Section 2.3 describes how barriers
to services trade were represented as tax equivalentsin FTAP.

2.1 The structure of GTAP

GTAP is a comparative static, multi-commodity, multi-region CGE model of the
world economy. A region may be either a single country or a composite region
consisting of many countries, such as the European Union.

Each region produces its own distinctive variety of each commodity, which is
imperfectly substitutable with the varieties produced by other regions. Within each
region, each commodity is produced by a single-product industry from inputs of
domestically-produced and imported commodities and the primary factors skilled
and unskilled labour, capital, land and natural resources, asillustrated in figure 2.1.

Each industry input has an ad valorem tax associated with it. Further, industry
inputs of each composite commodity and primary factor have technical efficiency
terms associated with them. Thus the user can vary intermediate input taxes,
primary factor input taxes and the efficiency with which inputs are used.

Each primary factor is supplied to industries from a fixed regional endowment of
the factor. The supplies of skilled and unskilled labour and capital are perfectly
transformable between industries, while land is supplied with a transformation
elasticity of 1 and natural resources with atransformation elasticity so small that its
supply to each industry is essentially fixed. Consequently, wages for each category
of labour and the user price of capital are uniform across industries, but the rental
prices of land and natural resources can vary from industry to industry.

8 THE STRUCTURE OF
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Figure 2.1  Industry demands in GTAP
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Regiona primary factor endowments each have an income tax applied to them,
though the tax rates are set to zero in the standard GTAP database.1

Commodities produced in each region are either used as intermediate inputs in
production, consumed as inputs to fina demand, or exported. There are three
categories of final demand — investment, government consumption and private
consumption. Each of these consumes composite commodities that are CES
combinations of the domestic and the imported variety, similar to composite
commodity inputs to industries (figure 2.1). Composite commodity inputs to
investment are in fixed proportion to aggregate real investment. Composite
commodity inputs to government consumption are determined by the maximisation
of a Cobb-Douglas utility function of these inputs, while a constant-difference-
elasticities (CDB utility function is used for private consumption.

Aggregate government and private consumption are determined by the allocation of
net (of depreciation) national income between government consumption, private
consumption and net (of depreciation) saving to maximise a Cobb-Douglas utility
function. Therefore, nominal government consumption, private consumption and
net (of depreciation) saving are each a fixed share of nominal national income.
Foreign income flows in GTAP are zero, so that national income is equal to primary
factor returns plus tax revenue minus subsidies.

Aggregate investment can be determined by one of two user configurable
mechanisms. First, global net saving can be allocated between regions in fixed

1 |n the FTAP and GTAPICM databases, the tax rates are set to non-zero values, as described in
appendix E.

2 The CDE form is described in chapter 4 of Hertel (1997).
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shares. Second, elasticities of future expected rates of return with respect to future
capital stocks can be postulated, and in each region determined so as to equalise the
future expected rates of return. How these investment mechanisms are superseded
in GTAPICM (and, consequently, FTAP) is described in chapter 3. Note that
investment does not add to the capital stock available for productive use, but does
add to the future capital stock, which may be relevant in determining the level of
investment.

Exports fall into two categories — commodities that are sold to other regions, and
sales to an international pool of freight and insurance services that is used to convey
internationally traded commodities from source to destination regions. This
international pool is a Cobb-Douglas aggregate of the contributions from all
industries in all regions. Plainly, the contributions of most industries will be zero.
Only services sectors, such as trade and transport and insurance, produce outputs
that could contribute to such a pool. The quantity of freight and insurance services
used to convey a particular commodity from a source to destination region is
proportional to the quantity of commodity transported, subject to a change in the
efficiency of conveyance for that commodity and trade route.

The total regional imports of each commodity is a CES composite of imports of the
commaodity from each exporting region. The prices determining the allocation of
total imports among exporters is the domestic market price in the exporting region,
plus (minus) export taxes (subsidies), plus the price of international freight and
insurance costs per unit of the commodity, plus import tariffs. Thus the choice
among sources of imports occurs at the economy-wide level, while the choice
between the domestic and the imported (aggregated across sources) varieties of each
commodity occurs at the level of agents within the economy, that is, industries and
final demands. Figure 2.2 (ignoring the ‘owned by and ‘individual firms’ boxes,
which are only relevant to FTAP) illustrates this.

All core standard GTAP equations are briéftiescribed in appendix A. For those
GTAP equations that have been changed or deleted in the final FTAP equation
system, appendix A gives cross-references to the sections in the text that discuss
how they have been altered or why they have been deleted.

All equations of FTAP that are not standard GTAP equations are described in the
text.

3 They are described more fully in Hertel (1997).

10 THE STRUCTURE OF
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2.2 The structure of FTAP

The FTAP model is a version of GTAP (Hertel 1997) with foreign direct
investment. The treatment of FDI follows closely the pioneering work of Petri
(1997). FTAP aso incorporates large-group monopolistic competition in all sectors.
This follows Francois, McDonald and Nordstrom (1996), among others, who
adopted this treatment for manufacturing and resource sectors, and Brown et al.
(1996) and Markusen, Rutherford and Tarr (1999), who used similar treatments for
services. Finally, FTAP makes provision for capital accumulation and international
borrowing and lending. This uses a treatment of international (portfolio) capital
mobility developed by McDougall (1993b), and recently incorporated into GTAP
by Verikios and Hanslow (1999).

Structure of commodity preferences

FTAP takes the standard GTAP framework as a description of the location of
economic activity, and then disaggregates this by ownership. For example, each
industry located in Australia comprises Australian owned firms, along with
multinationals owned by each of the other regions in the model. Each of these firm
types is modelled as making its own independent choice of inputs to production,
according to standard GTAP theory, but with the more extensive choice of
commodity varieties about to be described. Each firm type has its own sales
structure.

On the purchasing side, agents in each economy make choices among the products
or services of each firm type, distinguished by both ownership and location, and
then among the individual (and symmetric) firms of a given type. Thus, the model
recognises the firm-level product differentiation associated with monopolistic
competition. Firms choose among intermediate inputs, investment goods and
primary factors (skilled & unskilled labour, capital, land and natural resources),
while households and governments choose among final goods and services.

The FTAP choice of commodity varieties in figure 2.2 builds on the standard GTAP
scheme. Individual agents are assumed to choose first among products or services
from domestic or foreign locations, with a CES elasticity of substitution of 5. The
imports of each commodity for the economy as a whole are then chosen from
among foreign locations with a CES elasticity of substitution of 10. Thus far thisis
the standard GTAP nesting of domestic/foreign choice.

In FTAP, a choice is then made for the economy as a whole among ownership
categories for imports of each commodity from each location, and for domestically-
produced commodities, also with a CES elasticity of substitution of 10.

OVERVIEW OF THE 11
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Figure 2.2

FTAP structure of commodity preferences
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Finally, a choice is made from among the individual firms of a particular ownership
and location, with a CES elasticity of substitution of 15.

The choices common to FTAP and GTAP — among domestic and foreign locations
— have been parameterised in FTAP using values, 5 and 10, that are roughly twice
the standard GTAP Armington elasticities. Two reasons can be given for doubling
the standard elasticities. The first is that they enable GTAP to successfully
reproduce historical changes in trade patterns (Gehlhar 1997). The second is that
higher elasticities accord better with notions of firm level product differentiation.

With firm-level product differentiation, agents benefit from having more firms to
choose among, because it is more likely that they can find a product or service
suited to their particular needs. Capitalising on this, Francois, McDonald and
Nordstrom (1996) show that the choice among individual firms can be modelled in
a conventional model of firm types (not firms) by allowing a productivity
improvement whenever the output of a particular firm type (and hence the number
of individual firms in it) expands. But because the substitutability among individual
firms is assumed here to be very high, the incremental gain from greater variety is
not very great and this productivity enhancing effect is not particularly strong.

12 THE STRUCTURE OF
THE FTAPMODEL



Section 6.7 reproduces the result, derived in Francois (1998), that the elasticity of
productivity with respect to inputsis 1/(15-1) = 0.0714.4

The order of the choices, among locations and then among ownership categories, is

the opposite of the order adopted by Petri (1997). For example, the current
treatment assumes that, from an Australian perspective, a US multinational located

in Australia is a closer substitute for an Australian-owned firm than it is for a US

firm located in the United States. Petri’s treatment assumes that US-owned firms are
closer substitutes for each other than for Australian firms, irrespective of location.

There are two reasons for preferring the current treatment.

The first is that Petri's treatment produces a model in which multilateral
liberalisation of tariffs on manufactured goods produces large economic welfare
losses, for most individual economies and for the world as a whole — an
uncomfortable result at odds with conventional trade theory. The reason for the
result can be seen by considering the choices that Australians would make at the top
of Petri's decision tree in the face of a tariff cut. They would choose between an
aggregate of the output of Australian firms (irrespective of location) and an
aggregate of the output of US firms (irrespective of location). The Australian
aggregate would be overwhelmingly dominated by the output of domestically
located Australian firms, since ‘boomerang’ imports from Australian firms located
offshore would be minimal. Thus, the Australian aggregate would have a very small
proportion of goods attracting a tariff. The US aggregate would include both goods
produced by US multinationals located in Australia, and imports from US firms
located in the United States. Only the latter would initially attract a tariff.
Depending on relative shares, there is no guarantee that the price of the US
aggregate would be dominated by the removal of the tariff on imports, rather than
by endogenous changes in the cost structure of US multinationals in Australia.
Simulations with a model of this structure showed that the price of the US aggregate
rose relative to the price of the Australian aggregate in the face of a tariff cut,
encouraging resources in Australia to mawe the domestic protected sector as its
protection was removed. This led to a deterioration in allocative efficiency and an
overall economic welfare loss. The story was repeated in many other regions.

The second reason for preferring the current treatment of FTAP is that, in many
instances, it accords better with reality. Firms in a given location, irrespective of

ownership, will tailor their services to meet local tastes and requirements, and thus
appear to be closer substitutes, as in the present treatment. This is particularly so

4 Section 6.7 also shows that the elasti city of technical change with respect to output is 1/15 =
0.0667. The elagticities with respect to output and inputs differ because of the underlying
assumption of increasing returnsto scale.
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when foreign direct investment is ‘horizontal’ rather than ‘vertical’, and particularly
so for services delivered face to face, where commercial presence (through FDI) is
often the only viable means of tradle.

Structure of investor preferences

The supply of FDI is determined in FTAP by the same imperfect transformation
among types of wealth as in Petri (1997). Investors in each economy first divide
their wealth between ‘bonds’ (which can be thought of as any instrument of
portfolio investment), real physical capital, and land and natural resources in their
country of residence.

In FTAP, this choice is governed by a CET semi-elasticity of 1, meaning that a one
percentage point increase in the rate of return on real physical capital, for example,
would increase the ratio of real physical capital to bond holdings by one per cent.
Investors next choose the industry sector in which they invest (with a CET semi-
elasticity of 1.2). In GTAPICM (chapter 3), by contrast, there was perfect
transformation among these assets, and capital was also restricted to being in the
country of residence.

In FTAP, as in GTAPICM, a bond is a bond irrespective of who issues it, implying
perfect international arbitrage of rates of return on bonds. However, investors in
FTAP see capital in different locations as different things. They next choose
whether to invest at home or overseas in their chosen sector (with a CET semi-
elasticity of 1.3). Finally, they choose a particular overseas region in which to invest
(with a CET semi-elasticity of 1.4).

While the chosen CET parameters at each ‘node’ of the nesting structure may
appear low, the number of nests means that choices at the final level (across
destinations of FDI) are actually very flexible. For example, it can be shown that,
holding total wealth fixed, but allowing all other adjustments across asset types and
locations to take place, the implied semi-elasticity of transformation between
foreign destinations can easily reach 20, and be as high%E0yariation across
regions in these implied elasticities comes about because of the different initial
shares of assets in various regional portfolios.

S Some Australian examples are provided in Dee and Hanslow (1999).
6 Some examples are provided in appendix F.5.
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Figure 2.3  FTAP asset supply function
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The choice of CET parameters at each ‘node’ was determined partly by this
consideration of what they implied for the final elasticities, holding only total
wealth constant. They were also chosen so that this version of FTAP gave results
that were broadly comparable to GTAPICM with imperfect international (portfolio)
capital mobility, for experiments involving the complete liberalisation of
agricultural and manufacturing protection. Imperfect capital mobility was also a
feature of the GTAP-based examination of APEC liberalisation by Dee, Geisler and
Watts (1996) and Dee, Hardin and Schuele (1998). Thus, these parameters provide a
familiar starting point, from which variations could be made in the future.

In one respect, however, the current version of FTAP differs from previous versions
of GTAP with imperfect capital mobility. The GTAP variants assumed that capital
was perfectly mobile across sectors, whereas FTAP has less than perfect sectoral
mobility. Furthermore, the choice of sector is relatively early in the nesting
structure, so that the implied elasticities guiding choice of sector, holding only total
wealth constant, are relatively low (eg 1.2 in the United States). As a result, FTAP
tends to exhibit behaviour where resources move less readily between sectors in a
given region, but more readily across regions in a given sector, although the
differences are not dramatic. The current treatment is consistent with the idea that
the knowledge capital often required to succeed in foreign direct investment, despite
the difficulties of language and distance, is likely to be sector-specific.
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This imperfect transformation among assets means that rates of return on equity
capital can differ by sector, region of ownership and region of location.

Bonds are the difference between total wealth and equity in productive assets —
capital, local land and local natural resources — for each region. Each region
decides how much to borrow (lend) to finance (supplement) its investment in
productive assets. In particular, bonds are a means of financing investment in equity
in aggregate. The model does not track the financing of FDpanticular industries

and host regions. This would require a further level at the bottom of the nest
determining the debt to equity ratio for particular industries. While such a treatment
would be possible, it would seem to add little for the current applications of FTAP.

In reality, less than perfect transformation among different forms of wealth can
result from a range of factors such as risk aversion and less than perfect
information. While such factors are not explicity modelled in FTAP, they
nevertheless provide some justification for adopting the present treatment of asset
supply. It is important to note, however, that while the measure of economic welfare
in FTAP currently recognises the positive income contribution that FDI can make, it
does not account for any non-pecuniary costs associated with risk taking. This is an
important qualification to the current results, and will be the subject of further
research (chapter 10).

Petri’'s model assumed that total wealth in each region was fixed. In FTAP, while
regional endowments of land and natural resources are fixed (and held solely by
each region’s residents), regional capital stocks can accumulate over time, and net
bond holdings of each region can adjust to help finance the accumulation of
domestic and foreign capital by each region’s investors. The treatment of capital
accumulation follows the original treatment of McDougall (1993b), and was also
used by Verikios and Hanslow (1999), Dee, Geisler and Watts (1996) and Dee,
Hardin and Schuele (1998).

With this treatment of capital accumulation, FTAP provides a long-run snapshot of

the impact of trade liberalisation, ten years after it has occurred. To the extent that
liberalisation leads to changes in regional incomes and savings, this will be reflected
in changes to the capital stocks that investors in each region will have been able to
accumulate. As noted, investors in each region are not restricted to their own

savings pool in order to finance capital investment. They may also issue bonds to
help with that investment, but only according to their own preferences about capital

versus bond holding, and only according to the willingness of others to accept the
additional bonds. These issues are discussed more fully within the detailed

documentation of GTAPICM in chapter 3.
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2.3 Representing barriers to services trade in FTAP

Barriers to services trade are represented in FTAP as tax equivalents, with the rents
from these impediments flowing to the appropriate private agents. Although thereis
the capacity in the model to include such non-tariff barriersin al sectors, they are
only implemented in the tertiary sector, based on the work of Kaleeswaran et al.
(2000) and Warren (2000) (to be documented in Findlay and Warren 2000) for
banking and telecommunications.

The General Agreement on Trade in Services (GATS) framework distinguishes four

modes of service delivery — via commercial presence, cross border supply,
consumption abroad, and the presence of natural persons. The FTAP model
distinguishes barriers to establishment from barriers to ongoing operation. This is
similar to the distinction between commercial presence and other modes of delivery,
since barriers to establishment are a component of the barriers to commercial
presence.

Barriers to establishment have been modelled in FTAP as taxes on capital. Barriers
to ongoing operation may affect either FDI firms or those supplying via the other
modes, and have been modelled as taxes on the output of locally-based firms (either
domestic or foreign owned), and taxes on the exports of firms supplying via the
other modes, respectively.

The GATS framework also distinguishes restrictions on market access from
restrictions on national treatment. The former are restrictions on entry, applying
equally to locally-owned or foreign-owned firms. In this sense, they are non-
discriminatory restrictions. Restrictions on national treatment mean that foreign
owned firms are treated less favourably than domestic firms. These are
discriminatory restrictions.

These various kinds of barriers to services trade in FTAP are summarised in table
2.1. The taxes on capital of foreign-owned firms are higher than those on
domestically-owned firms, because they capture restrictions on national treatment
as well as market access. The taxes on the output or exports of foreign-owned firms
are higher than those on domestically-owned firms, for similar reasons. This is also
reflected in the estimates in the last four columns of table 2.2, drawn from Dee and
Hanslow (1999).
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Table 2.1 Categorisation of barriers to services trade

Restrictions on market Restrictions on national
access treatment
Barriers to establishment ‘Taxes’ on capital ‘Taxes’ on capital
Barriers to ongoing operation  ‘Taxes’ on output and ‘Taxes’ on output and
exports exports

Table 2.2 Tax equivalents of Post-Uruguay barriers to trade in services

(per cent)
Exports Domestic Foreign Domestic Foreign
output affiliates’ capital affiliates’
output capital
Australia 4.81 0.00 0.69 0.62 14.79
NZ 3.78 0.00 0.67 0.41 4.18
Japan 441 3.59 4.75 0.33 3.01
Korea 4.57 5.11 6.78 191 22.01
Indonesia 4.68 13.23 28.11 22.69 68.06
Malaysia 4.50 3.58 10.20 15.35 37.58
Philippines 4.80 8.38 22.65 7.40 54.28
Singapore 4.70 3.40 8.32 2.42 24.50
Thailand 4.14 4.69 13.36 12.16 36.49
China 4.08 18.75 36.40 123.46 250.66
Hong Kong 9.91 1.39 2.36 1.35 541
Taiwan 4.35 2.88 4.90 1.90 19.19
Canada 3.54 0.25 1.67 0.53 6.11
USA 4.26 0.07 1.08 0.00 3.83
Mexico 5.23 2.17 5.59 0.68 12.99
Chile 4.36 2.97 4.11 14.15 20.36
Rest of Cairns Group 4.49 0.98 5.55 7.19 19.45
EU 4.72 0.10 131 1.33 6.49
Rest of World 4.95 4.89 13.92 39.07 86.97

Source: Dee and Hanslow (1999, table 4).

The estimates of export taxes on services in the second column of table 2.2 are trade
weighted averages of the taxes on exports to particular destinations, where these are

equal in turn to the taxes on foreign affiliates’ output (shown in the fourth column)
in the destination regions. The reason for modelling these as taxes in the exporting
region, rather than as tariffs in the importing region, is that it allows the rents
created by the barriers to be retained in the exporting region.

Because barriers to services trade appear to be significant, and because they are
non-tariff barriers, they will generate significant rents. A key issue is whether those
rents should be modelled as being retained by incumbent firms, appropriated by
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governments via taxation, or passed from one country to another by transfer pricing

or other mechanisms. In FTAP, the rents on output have been modelled as accruing

to the selling region, and those on capital have been modelled as accruing to the

region of ownership, once the government in the region of location has taxed them

at its general property income tax rate. Despite this, the asset choices of investors

are modelled as being driven by pre-tax rates of return. This is because many
economies, in the developed world at least, have primarily destination-based tax
systems. For example, if tax credits are granted for taxes paid overseas, investors

are ultimately taxed on all income at the owning region’s tax rate. Although such
tax credits have not been modelled explicitly, their effect has been captured by
having investors respond to relative pre-tax rates of return. Nevertheless, investor
choices are also assumed to be determined by rates of return excluding any
abnormal rent component. Investors would like to supply an amount of capital
consistent with rates of return including abnormal rents, but are prevented from
doing so by barriers to investment. The amount of capital actually supplied is,
therefore, that amount that investors would like to supply at rates of return
excluding abnormal rents.

Thus a portion of the rent associated with barriers to services trade is assumed to
remain in the region of location in the form of property income tax revenue, while
the remainder accrues to the region of ownership. Thus liberalisation of services
trade could have significant income effects in both home and host regions as these
rents are gradually eliminated. Dee and Hanslow (1999) examine how significant
these effects are, relative to the allocative efficiency effects and other effects
normally associated with trade liberalisation.
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3 International capital mobility in
GTAP

This chapter describes the changes made to the GTAP model in order to incorporate
international capital mobility (ICM) into its theoretical structure and database. This
procedure closely follows that set out in McDougall (1993b), which describes the
implementation of international capital mobility into GTAP's predecessor,
SALTER.

Where a GTAPICM equation is changed further in FTAP, a GEMPACK comment

in FTAP. The possibilities are:

negated — rendered inoperative in FTAP simulations by endogenising the
associated slack variable;

altered; or
replaced by an FTAP equation.

Where a GTAPICM equation is negated or altered in FTAP, a cross-reference to the
section describing why thisis doneis provided in the comment.

Where a GTAP equation is replaced by an FTAP equation, the name of the FTAP
equation and a section cross-reference is provided.

3.1 GTAP background

GTAP isamulti-regional, comparative static model, expressed as a system of linear
eguations written in percentage change form. GTAP' s comparative static nature
means it does not track changes in the economy through time. Instead, it compares
aternative states of the economy at a single point in time. Simulation results
represent differences between these alternative states.
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The ICM modifications are made to the latest available (at the time of writing)
version of GTAP. Thisis known as version 4.1, dating from November 1998.1 The
standard model is documented in detail in Hertel (1997).

In order to explain the motivation for incorporating ICM into GTAP, some
explanation of the GTAP theory of investment, capital accumulation and capital
alocation is necessary.

Investment, capital accumulation and capital allocation in GTAP

GTAP alows divergences between regional investment and saving, but forces al
existing capital within a region to move only across industries within that region.
Such a treatment of capital movements is likely to ignore some of the important
long-run effects of large scale structural policy shocks such as the Uruguay Round
trade agreement. These long-run effects include capital moving to regions where
returns are highest.

The user is given a choice of two mechanisms for the allocation of investment
across regions. The first mechanism allocates global net (of depreciation)
investment in fixed shares across regions. This is the so-called ‘fixed shares
mechanism’. Importantly, the investment does not come on line in the simulation
period. Thus, the behaviour of investment can only influence output through
changes in the composition of final demand. Productive capacity is unaffected. This
closure is appropriate for short-run analysis. The short run is usually regarded as a
period of time long enough to alow for changes in the rates of return on factors
within an economy, but too short to allow any investment that may occur to affect
the stock of factors in that economy. The ‘fixed shares mechanism’ allows the
return on all factors to be determined endogenously at the regional level, while
fixing the stock of all factors at the regional level.

The second investment allocation mechanism in GTAP allocates investment so as to
equilibrate expected rates of return on capital across regions. This is the so-called
‘rates of return’ mechanism. This fixes the differences in the rates of return on
capital across regions. But as before, the stock of capital within each region remains
fixed. Such a closure adopts the long-run assumption of fixing the (relative) rate of
return on capital in an economy, but retains the short-run assumption of also
keeping the stock of capital in an economy fixed. This investment closure does not
allow GTAP to be used for true long-run policy analysis.

1 This version comes with the RunGTAP software available on the GTAP world wide web home
page. See http://www.agecon.purdue.edu/gtap/index.htm.
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In order to conduct long-run analysis with GTAP, a mechanism which alows both
capital accumulation and its allocation among regions is needed. The ICM
extension serves this purpose. The next section provides a detailed overview of the
ICM extension. It aso explains the modifications required to GTAP's theoretical
structure and database, in order to incorporate the ICM extension into GTAP. This
section islargely based on sections 2 and 3 of McDougall (1993b).

3.2 Modifications to the GTAP theoretical structure

Overview

The ICM extension alows GTAP to ssimulate the effects of policy changes on
regional capital stocks. Hence, the extension contains modules covering the
international allocation of capital, regional wealth accumulation, international
stocks of assets and liabilities, and the international allocation of investment. It also
adds household and government sector modules which capture international
investment flows and international income payments.

GTAP is a comparative static model, and like most comparative static models, it
includes no treatment of time. Household and government weath in the ICM
extension are modelled as the outcome of a wealth accumulation process. This
process requires that some treatment of time be introduced to the model. This is
done by assuming that all shocks applied to the model represent distinct changes at
a certain initia point in time, ie the initial instant. The database and endogenous
variables represent values observed at a certain final point in time, ie the terminal
instant. The ssimulation period is the period of time between the initial and terminal
instants. Certain reasonable assumptions are then made about (i) the shape of the
adjustment paths of income and savings, and (ii) the length of the ssmulation period.
These assumptions alow the accumulation equations to be derived. The
accumulation equations use price movements over the simulation period to calculate
the change in wealth.

At this stage, two sets of assets are added to the model: bonds and equity in
productive assets (capital, land and natural resources) in each region. Capital is
distinguished from land and natural resources at a later stage. Bonds can be owned
or owed by private households and governments in each region. Equity in
productive assets can only be owned by private households in each region.

The movement of bonds between regions requires that they are denominated in a
common unit of measurement. It is assumed that lenders are protected against
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inflation by indexing the value of bonds to a world consumption price index. This
assumption also preserves price homogeneity.

With regard to international flows and stocks, GTAPICM only incorporates net
rather than gross values. For instance, only net foreign assets and net property
income flows are modelled. As the model assumes perfect arbitrage on
internationally mobile assets (capital and bonds), it can only determine the
behaviour of net international flows and stocks. Thus, only net flow and stock
values are required to calibrate the model. This also limits the modelling of income
taxes on households, which are sometimes based on gross rather than net asset
positions. In this model, no income taxes are levied on government receipts of
foreign income. Further, income taxes on (private household) property income do
not distinguish taxes on equity (in productive assets) and taxes on interest income.

The equations describing the ICM extension will be presented in TABLO code. The
convention is that original variables in the underlying theory (termed coefficients)
and set names are denoted by upper case letters, and absolute or percentage changes
in the underlying variables are denoted by lower case letters. The new (non-GTAP)
TABLO notation is almost identical to the original implementation of the ICM
extension in SALTER (see Jomini et a. 1994).

International allocation of capital

The allocation of capital between regions is determined by two parity conditions.
The first is an international interest parity condition, which is necessary for
equilibrium in international financial markets:

INTERNL_INTT_PARY (al,r,REG)
ror(r) = rb;

where REG is the set of regions, rbr(r) denotes the real bond ratein region r, and rb
the world real bond rate. These variables are specified as absolute changes, due to
the possibility that these rates can become negative, and thus pass through zero.
This condition reflects profit maximising behaviour in the international bond
market. The parity condition applies to pre-tax interest rates.

The second parity condition is a capital-bond parity condition. This reflects
maximisation of rates of return by households, ie parity between the interest rate
and the rate of return on capital:
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EQY_BOND_PARY (al,r,REG) ! Negated section 4.3!
rkr(r) = rbr(r) + frer(r);

where rkr(r) denotes the (absolute change in) the average rate of return on capital in
region r, and frer(r) is a shift term which allows for an equity premium in region r
(this variable is usually exogenous). With no change in the equity premium,
equation EQY_BOND_ PARY reflects profit maximisation by domestic investors.
The model applies a common tax rate on household equity (in productive assets)
income and household interest income, so the capital-bond parity condition can be
applied using either pre- or post-tax rates. In implementing this extension in GTAP,
pre-tax rates are used.

In the short run, industry-specific capital stocks are able to earn abnormal returns.
To alow for this possibility, the absolute change in the rate of return on capital in
industry i in region r (rkri(i,r)), is represented as the sum of rkr(r) and the absolute
change in the abnormal rate of return on capital inindustry i in regionr (rari(i,r)):

ABNL_RETN_CAPL 'Replaced by E_rp section 4.6!
@@l,i, TRAD_COMM)(l,r,REG)
rkri(i,r) = rkr(r) + rari(i,r);

where TRAD_COMM s the set of traded commodities. In the long run, rari(i,r) is
held fixed and industry-specific capital stocks in each region are free to vary. In the
short run, rari(i,r) is free to vary and industry-specific capital stocks are held fixed.

Having described the behaviour of rates of return for bonds and capital, these can be
defined in terms of prices and earnings of al productive assets (capital, land and
natural resources). For capital,

RENTL_PRICE_CAPL (dl,i, TRAD_COMM)(dl,r,REG)
rkri(i,r) = RTKPGRRI(i,r)* (rp(i,r) - pcgds(r));

where RTKPGRRI(i,r) is the (coefficient) gross rate of return on capital in industry
i inregionr, rp(i,r) isthe (percentage change in the) pre-tax rental price of capital in
industry i in region r and pcgds(r) is the GTAP (percentage change in the) price of
investment in region r.

With rates of return held fixed at the world real bond rate, equation
RENTL_PRICE_CAPL determines the (pre-tax) rental price of capital in each
industry in each region. In conjunction with the input demand equations for current
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production, this determines the inter-industry and inter-regiona allocation of
capital.

GTAP specifies the (pre-tax) rental prices of land and natural resources as a subset
of the prices of al non-savings commodities. However, the ICM extension requires
that the rental price of land and natural resources be defined as separate variables, to
be used later in the definition of the purchase price of land and natural resources.
Thisisdonein the following two equations:

E rm (al,r,REG)

rm(r) = sum(n,LAND, pm(n,r));
E_nrp (al,r,REG)

nrp(r) = sum(nr,NATRES, pm(nr,r));

where rm(r) is the (pre-tax) rental price of land in region r, LAND is the set of the
single land endowment, pm(i,r) is the GTAP variable for the market (or pre-tax)
price of non-savings commodity i in region r, nrp(r) is the (pre-tax) rental price of
natural resources in region r, and NATRES is the set of the single natural resource
endowment.

GTAP distinguishes unskilled and skilled labour in each region. For the purposes of
the ICM extension a single region-wide (pre-tax) wage rate needs to be defined, to
be used later in the definition of regiona net factor income. This is done by
equation E_w:

E w (al,r,REG)
w(r) = sum(l,LABOR, EVOA(l,r)/sum (I_,LABOR, EVOA(l_,n)*pm(l,r));

where w(r) is the (pre-tax) wage rate in region r, LABOR is the set of labour
endowments, and EVOA(i,r) is the GTAP coefficient for the post-tax (or agent’s)
price value of output of endowment commodity i in region r. Note that as GTAP
distinguishes between unskilled and skilled labour, the region-wide wage rate is a
share-weighted sum of the unskilled and skilled wage rates in each region.

The purchase price of land in each region, pnr(r), is determined implicitly by
PRICE_LAND (al,r,REG) 'Replaced by E_pnr section 4.2!

rkr(r) = RTBD*(rm(r) - pnr(r));
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where RTBD is the parameter form of the world real bond rate, and rm(r) is the
rental price of land inregionr.

The purchase price of natural resources in each region, pnrr(r), is determined
implicitly by

E pnrr (al,r,REG) !Replaced by E_pnrr section 4.2!
rkr(r) = RTBD* (nrp(r) - pnrr(r));

The purchase prices of land and natural resources are used later, along with the
value of capital, to define the total value of the world stocks of all productive assets
(ie capital, land and natural resources).

The world capital stock

The total value of world stocks of productive assets (ie capital, land and natural
resources) is equal to the total value of net wealth of households and governments
in al regions. Thisis based on the assumptions that:

private household and government net wealth is equal to equity in productive
assets plus net ownership of bonds;

the value of equity (in productive assets) is equal to the value of the underlying
productive assets; and

the world net ownership of bonds is zero.

World net ownership of bondsis equal to the sum of the net ownership of bondsin
each region:

OWNP_BONDS
YC*qyb + ASBD*yn = sum(r,REG, Y CR(r)*qybr(r) + ASBDR(r)*y_r(r));

where Y C is the coefficient form of world (nominal) income, qyb is the (absolute
change in the) world bond-income ratio, ASBD is the coefficient form of the world
net ownership of bonds, yn is world (nominal) income, YCR(r) is the coefficient
form of income in region r, qybr(r) is (the absolute change in) the bond-income ratio
in region r, ASBDR(r) is the coefficient form of net ownership of bondsin regionr,
andy r(r) is(nominal) incomein regionr.

In the initial database the world net ownership of bonds is zero. To ensure that this
condition continues to be met, the world bond-income ratio variable (ie qyb) is
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exogenous. This is done by allowing the world real bond rate variable (ie rb) to
vary.

The sum of net ownership of bonds by households and government in each region
gives net ownership of bondsin that region:

OWNP_BONDS REG (all,r,REG)
Y CR(r)*qybr(r) + ASBDR(r)*y r(r) =
Y CHHDPR(r)*qyhbr(r) + ASHHBDR(r)* yhdr(r) +
RCGVR(r)*grgbr(r) + ASGVR(r)*rgr(r);

where Y CHHDPR(r) is the coefficient form of private household disposable income
in region r, qyhbr(r) is the (absolute change in the) household bond-income ratio in
region r, ASHHBDR(r) is the coefficient form of net household ownership of bonds
in region r, yhdr(r) is (nomina) household disposable income in region r,
RCGVR(r) isthe coefficient form of government receiptsin region r, grgbr(r) is the
(absolute change in the) government bond-income ratio in region r, ASGVR(r) is
the coefficient form of net government ownership of bonds in region r, and rgr(r) is
government receiptsin regionr.

Private household wealth is the sum of net household ownership of bonds and
(private household) equity in productive assets:

HHOLD_OWNP_BONDS REG (dl,r,REG)
ASHHR(r)*ahr(r) =
ASEQR(r)*aer(r) + YCHHDPR(r)* qyhbr(r) + ASHHBDR(r)* yhdr(r);

where ASHHR(r) and ahr(r) are the coefficient and variable forms, respectively, of
private household wealth in region r, and ASEQR(r) and aer(r) are the coefficient
and variable forms, respectively, of equity in productive assetsin regionr.

In order to determine the value of equity in productive assets in each region, it is
necessary to first determine the value of the individual endowments, which make up
all productive assets in that region. In levels, the value of a particular endowment in
a region is equa to price multiplied quantity. The next four equations define
variables for the quantity of those endowment commodities that make up total
productive assets in each region, and also for total labour endowments in each
region:
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E kt (dl,r,REG) ! Replaced by E_kt section 4.2!
kt(r) = ksvces(r);
E mt (al,r,REG)
mt(r) = sum(n,LAND, go(n,r));
E nru (al,r,REG)
nru(r) = sum(nr,NATRES, qo(nr,r));
E It (al,r,REG)
It (r) =sum (I,LABOR, EVOA(l,r)/sum (I_,LABOR, EVOA(I_,n)*qo(l,r));

where kt(r), mt(r), nru(r) and It_(r) is the total use of capital, land, natural resources
and labour, respectively, in region r, ksvces(r) is the GTAP variable for the use of
capital in region r, and qgo(i,r) is the GTAP variable for the output of non-savings
commodity i inregionr.

Note that as GTAP distinguishes between unskilled and skilled |abour, the use of all
labour endowments in each region is a share-weighted sum of the use of unskilled
and skilled labour in each region.

The value of capital, land and natural resources is determined by the following
eguations:

VALUE_CAPL (al,r,REG) ! Altered section 4.2 !
akr(r) = pcgds(r) + kt(r);

VALUE_LAND (al,r,REG)
anr(r) = pnr(r) + mt(r);

E anrr (al,r,REG)
anrr(r) = pnrr(r) + nru(r);

where akr(r), anr(r) and anrr(r) is the value of capital, land and natural resources,
respectively, inregionr.
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Note that assuming industry depreciation rates are constant, depreciation allowances
in each region (depr(r)) are proportional to the value of capital in each region, and
are therefore defined accordingly:

DEP_CAPITAL (al,r,REG) ! Altered section 4.7
depr(r) = pcgds(r) + kt(r);

Equity in productive assets in each region is equal to sum of the value of productive
assets:

EQY (dl,r,REG) ! Altered section 4.2 !
ASEQR(r)*aer(r) =
VKB(r)*akr(r) + ASLNR(r)*anr(r) + ASLNRR(r)*anrr(r);

where VKB(r) is the GTAP coefficient denoting the value of beginning-of-period
capital stock in region r, and ASLNR(r) and ASLNRR(r) are the coefficient forms
of the value of land and the value of natural resources, respectively, in regionr.

Equation EQY_PRICE_INDX defines an equity price index for productive assetsin
each region. Thisis used, later on, in determining wealth accumulation:

EQY_PRICE_INDX (al,r,REG) ! Replaced by E_iper section 4.5!
ASEQR(r)*iper(r) =
VKB(r)*pcgds(r) + ASLNR(r)*pnr(r) + ASLNRR(r)*pnrr(r);
where iper(r) isthe equity priceindex inregionr.

For a given set of prices and household and government net wealth in each region,
the equations in this section are sufficient to determine the value of the total world
stock of productive assets.

Wealth accumulation

The wealth accumulation process reflects the intrinsic dynamics of saving and
wealth accumulation. However, since GTAP is comparative static, the accumulation
equations must be derived outside the model. This is done by making certain
assumptions regarding the time paths of the explanatory variables in the equations,
based on the initial assumption that households and governments save (or dissave)
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some predetermined fraction of their net disposable income. The key assumptions
are:

real income grows at a constant rate through the simulation period;

any change in the saving ratio is concentrated at the beginning of the simulation
period; and

changes in relative prices are concentrated at the beginning of the simulation
period.

Using these assumptions, McDougall (1993b, appendix A) derives accumulation
eguations that express wealth at the terminal instant as afunction of the saving ratio,
real income and price variables, also at the terminal instant.

The first of the wealth accumulation equations determines household wealth
accumulation:

HHOLD WEALTH_ACCN (al,r,REG)
ASHHR(r)*ahr(r) =
(ASHHR(r) - CEACWTHHOLR(r)* SV T (r)* LGPRSM)*ipahr(r) +
CEACWTHHO1R(r)* Y CHHDPR(r)* LGPRSM* qyhsr(r) +
CEACWTHHO1R(r)* SV T(r)* LGPRSM* ppriv(r) +
CEACWTHHO2R(r)* SVT(r)* LGPRSM* (yhdr(r) - ppriv(r));

where CEACWTHHOLR(r) and CEACWTHHO2R(r) are household wealth
accumulation coefficients defined below, SVT(r) is the coefficient form of private
household savings in region r, LGPRSM is a coefficient setting the length of the
simulation interval, ipahr(r) isthe price index for private household wealth in region
r, gyhsr(r) is the (absolute change in the) household saving-disposable income ratio
in region r, and ppriv(r) is the price index for private household expenditures in
regionr.

The coefficients CEACWTHHO1R(r) and CEACWTHHO2R(r) are defined by the
formulae
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(dl,r,REG)
CEACWTHHO1R(r) =
(1.0 - EXP(-GTY CHHRLR(r)* LGPRSM))/
(GTY CHHRLR(r)* LGPRSM); and

(al,r,REG)
CEACWTHHO2R(r) =
(GTYCHHRLR(r)*LGPRSM - 1.0 + EXP(-GTY CHHRLR(r)* LGPRSM))/
(GTY CHHRLR(r)* LGPRSM)"2;

where GTYCHHRLR(r) is a parameter giving the (annual) rate of growth in real
household income in region r.2

Equation HHOLD _WEALTH_ACCN defines the change in (nominal) private
household wedlth (the term on the left hand side) as being made up four effects. The
first is the change in household wealth due to changes in the prices of assets held at
the beginning of the simulation period (the first term on the right hand side). The
second is the change in household wealth due to effect of changes in the household
saving-disposable income ratio (the second term on the right hand side). The third is
the change in household wealth due to the effects of changes in the price of private
household expenditures (the third term on the right hand side). The fourth is the
change in household wesalth due to the effects of changesin real household income
(the fourth term on the right hand side). The coefficients in the third and fourth
terms on the right hand side are different. This is because in the derivation of the
accumulation relation, changes in prices relative to the pre-simulation solution are
assumed to be concentrated at the beginning of the simulation period, whereas,
changesin real income are assumed to occur evenly over the simulation period.

For use in calculating a household asset price index, a regiona and global
consumption price index is defined by the equations NATL_CONSN_PRINDX and
WORLD_CONSN_PRINDX, respectively:

2\ cDougall (1993b, appendix A) shows how these coefficients are derived.
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NATL_CONSN_PRINDX (al,r,REG)

Y CR(r)*ipcr(r) =

PRIVEXP(r)* ppriv(r) + GOVEXP(r)* pgov(r) + SVR(r)* pcgds(r); and
WORLD_CONSN_PRINDX

EPCS*ipc = sum(r,REG, EPCSR(r)*ipcr(r));

where ipcr(r) is the national consumption price index in region r, PRIVEXP(r) and
GOVEXP are coefficients for private household and government consumption
expenditure, respectively, in region r, pgov(r) is the price index for government
consumption in region r, SVR(r) is the coefficient form of net (of depreciation)
savingsin region r, EPCSis the coefficient form of world consumption expenditure,
ipc is the world consumption price index, and EPCSR(r) is the coefficient form of
consumption expenditure in regionr.

Equation NATL_CONSN_PRINDX defines the consumption price index in each
region as a share-weighted average of the prices of consumption and investment in
each region. Equation WORLD_CONSN_PRINDX defines the world consumption
price index as a share-weighted sum of the regional consumption price indices.

The first term on the right hand side of the household accumulation equation
(HHOLD_WEALTH_ACCN) calculates the change in household wealth due to
changes in the prices of assets held at the beginning of the simulation period. This
requires that a household asset price index be defined. This household asset price
index is a share weighted average of the equity price index in each region and the
world consumption price index:

HHOLD_ASST_PRINDX (al,r,REG) ! Altered in FTAP version 2, Appendix J !
ASHHR(r)*ipahr(r) = ASEQR(r)*iper(r) + ASHHBDR(r)*ipc;

The calculation of ipahr(r) should be done using data at the beginning of the
simulation period. Equation HHOLD_ ASST PRINDX, however, uses data
applying to the end of the simulation period. Thus, it is not strictly correct. In
practice, however, the second and fourth terms on the right hand side of equation
HHOLD_WEALTH_ACCN, which relate to real saving, are likely to dominate the
asset revauation term (the first term on the right hand side of equation
HHOLD_WEALTH_ACCN).

Further, the equation NATL_CONSN_PRINDX is also not strictly correct. It uses
the price of investment in each region (pcgds(r)), whereas the correct deflator would
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be the price of savings in each region. However, no such variable existed in the
origind SALTER implementation of the ICM extension. Thus, the price of
investment was used to define a world consumption price index, as well as being
used to define rea national income (see equation REAL_NATL_INCOME in
section 8). In GTAP, however, the price of savings is defined for each region and,
therefore, real national income is (correctly) specified using the price of savings.

Thereisasimilar wealth accumulation relation for government:
GOVT_WEALTH_ACCN (al,r,REG)
RCGVR(r)*grgbr(r) + ASGVR(r)*rgr(r) =
(ASGVR(r) - CEACWTGVO1R(r)* SPGVR(r)* LGPRSM)*ipc +
CEACWTGVO1R(r)* RCGVR(r)* LGPRSM* grgsr(r) +
CEACWTGVO1R(r)* SPGVR(r)* LGPRSM* pgov(r) +
CEACWTGVO02R(r)* SPGVR(r)* LGPRSM* (rgr(r) - pgov(r));

where SPGVR(r) is the coefficient form of the government surplus on current
transactions in region r, and grgsr(r) is the (absolute change in the) ratio of
government surplus on current transactions to net government recei pts (government
saving ratio) in region r. CEACWTGVO1R(r) and CEACWTGVO2R(r) are
government wealth accumulation coefficients defined in the same way as
CEACWTHHO1R(r) and CEACWTHHO2R(r), with the rate of growth in rea
household income in region r (GTY CHHRLR(r)) replaced by the rate of growth in
real government receiptsin regionr (GTY CGVRLR(r)).3

National income and saving

Net factor income in each region (yfn(r)) is a share-weighted sum of all factor
income less depreciation of capital in each region:

3Mm cDougall (1993b, appendix A) shows how these coefficients are derived.
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NET_FACT_INC (all,r,REG)
yfn(r) =
SLY F(r)* (w(r) + It_(r)) +
sum(j, TRAD_COMM, (SKYYF(j.r)*(rp(j.r) + kk(.r)))) +
SMYF(r)* (rm(r) + mt(r)) + SNY F(r)* (nrp(r) + nru(r)) - SODDDF(r)* depr(r);

where SLY F(r), SMYF(r), SNY F(r) and SDDDF(r) are coefficients representing the
market (or pre-tax) price share of labour income, land income, natural resource
income and depreciation, respectively, in net (of depreciation) factor income in
region r, and SKYF(j,r) is a coefficient representing the market (or pre-tax) price
share of capital income in net (of depreciation) factor income of industry j in region
r.

The introduction of foreign income flows causes the value of domestic product and
national income to diverge. This necessitates the introduction of a national income
variable, which is the sum of domestic factor income, net (of subsidies) indirect
taxes, and net (foreign) interest income:

NATL_INCOME (all,r,REG) ! Altered section 8.6!
YCR(r)*y_r(r) =
YENT(r)*yfn(r) + YCR(r)*qyir(r) + YCITR(r)*y_r(r) + GRCOMT(r)*rc(r);

where YFNT(r) is the coefficient form of net (of depreciation) factor income in
region r, respectively, qyir(r) is the (absolute change in the) ratio of net interest
income (from bonds) to national (nominal) income in region r, YCITR(r) is the
coefficient form of net interest income in region r, GRCOMT(r) is the coefficient
form of net (of subsidies) indirect tax revenue in region r, and rc(r) is government
revenue from commodity taxes in region r. Thus, national income is the sum of
domestic factor income (the first term on the right hand side), net (interest) income
from abroad (the second and third terms on the right hand side) and net indirect
taxes (the fourth term on the right hand side). The equation NATL_INCOME replaces
the GTAP equation REGIONALINCOME and the variable y_r(r) replaces the GTAP
variable y(r).

The (absolute change in the) ratio of net interest income to national income in each
region is determined by the equation:
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INTT_INCOME_REGN (al,r,REG)
Y CR(n)*qyir(r) = ASBDR(r)*rbr(r) + RTBD*Y CR(r)* qybr(r);

that is, in levels, the bond rate in each region multiplied by the ratio of the net
ownership of bonds to national income in each region.

Household income
Household disposable income is given by the equation:
HHOLD_DISPBLE_INCOME (al,r,REG)

Y CHHDPR(r)*yhdr(r) = Y CHHR(r)*yhr(r) - RVTXY CR(r)* rtyr(r);

where Y CHHR(r) and yhr(r) are the coefficient and variable forms, respectively, of
household income in region r, and RVTXY CR(r) and rtyr(r) are the coefficient and
variable forms of income tax revenue in region r. Thus, the change in household
disposable income (the left hand side of equation HHOLD_ DISPBLE_INCOME) is
equal to the change in household income (the first term on the right hand side) less
the change in income tax (the second term on the right hand side).

Household income is given by the equation:
HHOLD_INCOME (al,r,REG)
Y CHHR(r)*yhr(r) =
LTT(r)*ylr(r) + YCHHPPR(r)* yhpr(r) +
URGVHHR(r)*ughr(r) + d_ughr(r);

where LTT(r) and ylr(r) are the coefficient and variable forms, respectively, of
labour income in region r, YCHHPPR(r) and yhpr(r) are coefficient and variable
forms of household property income in region r, URGVHHR(r) and ughr(r) are the
coefficient and variable forms, respectively, of government transfer payments in
region r, and d_ughr(r) is a (usually) exogenous variable defined in absolute change
form. This variable can be used to shock government transfer payments.

Equation HHOLD INCOME says that household income in each region is the sum
(in levels) of labour income, household property income and government transfer
payments in that region. It should be noted that a new form of household income
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(and government spending) has been added to the model, in the form of transfer
payments from governments to househol ds.

Labour income (in levels) in each region is the product of the wage rate and labour
employed in that region:

LABR_INCOME (all,r,REG)
ylr(r) = w(r) +It_(r);
Household property income is defined by the equation:
PROPY INCOME (all,r,REG)
Y CHHPPR(r)* yhpr(r) =
Y CEQR(r)*yer(r) + YCHHDPR(r)*qyhir(r) + YCHHITR(r)* yhdr(r);

where Y CEQR(r) and yer(r) are the coefficient and variable forms, respectively, of
equity (in productive assets) income region r, qyhir(r) is the (absolute change in the)
ratio of household net interest income to household disposable income, and
YCHHITR(r) is the coefficient form of net interest income of households in region
r. Thus, household property income in each region is the sum of equity income and
household net interest income in that region. Household net interest income is a new
source of household income introduced as part of the ICM extension.

Equity income in each region is equal to net (of depreciation) income from all
productive assets (capital, land and natural resources) in each region:

EQY_INCOME (all,1,REG)
Y CEQR(r)*yer(r) =
KTT(r)*fke(r) + MTT(r)*(rm(r) + mt(r)) + NTT(r)*(nrp(r) + nru(r)) -
VDEP(r)*depr(r);

where KTT(r) and fke(r) are the coefficient and variable forms, respectively, of
capital earnings in region r, MTT(r) island earnings in region r, NTT(r) is natural
resource earningsin region r, and VDERP(r) is the coefficient form of depreciation in
regionr.

Equation FIXD_CAPL_EARNINGS defines the market (or pre-tax) price value of
capital earnings in each region:

FIXD_CAPL_EARNINGS (dl,r,REG)
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KTT(r)*fke(r) = sum(j, TRAD_COMM, CAP(j,n*(rp(,r) + kk(j,n));

where CAP(j,r) is the coefficient form of the market (or pre-tax) price value of
capital earnings from industry j in region r. Capital earnings (in levels) from each
industry in each region is equal to the rental price multiplied by the quantity of
capital. By extension, the market price value of capital earnings in each region is a
share-weighted sum of the capital earnings from all industriesin each region.

The ratio of household net interest income to household disposable income in each
region is given (in levels) by the product of the bond rate and the ratio of household
net ownership of bonds to household disposable income in that region:

HHOLD_INTT_INCOME (all,r,REG)
Y CHHDPR(r)*qyhir(r) =
ASHHBDR(r)*rbr(r) + RTBD*Y CHHDPR(r)* gyhbr(r);

The equation DISPN_ HHOLD_ INCOME sets private household consumption
proportional to private household disposable income, if the household savings ratio
is held fixed:

DISPN_HHOLD_INCOME (al,r,REG)
Y CHHDPR(r)*yhdr(r) =
PRIVEXP(r)*yp(r) + YCHHDPR(r)*qyhsr(r) + SVT(r)* yhdr(r);

where yp(r) is private household consumption expenditure in region r. Equation
DISPN_HHOLD_INCOME says that the change in private household consumption
expenditure (the first term on the right hand side) is equal to the difference between
the change in private household disposable income (the term on the left hand side)
and the change in private household savings (the second and third terms on the right
hand side).

An eguation determining private household pre-transfer (disposable) income, used
later in determining private household transfer payments, is also added:

HHOLD_PRIVTE _INCME (al,r,REG)
Y CHHPVR(r)*yhvr(r) =

LTT(r)*ylr(r) + YCHHPPR(r)*yhpr(r) - RVTXY CR(r)* rtyr(r);
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where YCHHPVR(r) and yhvr(r) are the coefficient and variable forms of private
household pre-transfer (disposable) income in region r. That is, private household
pre-transfer (disposable) income in each region is equa to labour income plus
private household property income less income tax in each region.

Government receipts and outlays

In order to determine government revenue from commodity taxes, four variables
relating to the use, and taxes on the use, of intermediate inputs into the production
of capital goods (investment) need to be defined.

The use of domestic and imported commodities in the production of capital goodsis
defined by the equations:

E_invd (all,i, TRAD_COMM)(dl,r,REG)

invd(i,r) = sum(c,CGDS _COMM, qgfd(i,c,r));
E_invi (al,i, TRAD_COMM)(all,r,REG)

invi(i,r) = sum(c,CGDS_COMM, gfm(i,c,r));

where invd(i,r) and invi(i,r) is the use of domestic and imported traded commaodity
I, respectively, in investment in region r, CGDS COMM s the set of the single
capital goods commodity (investment), and gfd(i,c,r) and gfm(i,c,r) is the GTAP
variable for the use of domestic and imported traded commodity i, respectively, in
produced commodity cinregiontr.

Taxes on the use of these commodities are also defined:
E tinvd (all,i, TRAD_COMM)(all,r,REG)

tinvd(i,r) = sum(c,CGDS_COMM, tfd(i,c,r));
E_tinvi (al,i,TRAD_COMM)(al,r,REG)

tinvi(i,r) = sum(c,CGDS _COMM, tfm(i,c,r));

where tinvd(i,r) and tinvi(i,r) is the power of the tax on domestic and imported
traded commodity i, respectively, used for investment in region r, and tfd(i,c,r) and
ttm(i,c,r) is the GTAP variable for the power of the tax on domestic and imported
commodity i, respectively, used by industry cinregionr.
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A group of eight equations together calculate commodity tax revenue in each
region. The derivation of these equations is described in appendix A of Jomini,
McDougall, Watts, and Dee (1994).

The contribution of a change in output taxes to the per cent change in commodity
tax revenue in each region, is defined by equation REVINDT:

REVINDT (all,r,REG)
grsub(r) =
(RECIP_GRCOMT(r))*sum(i, TRAD_COMM,
(COSTINP(i,r)*to(i,r)) +PTAX(i,")* (qo(i.r) + pm(i,n));

where grsub(r) is the (absolute change in the) contribution of a change in output
taxes to the per cent change in commodity tax revenue in region r,
RECIP_GRCOMT(r) is a coefficient defining the inverse of commodity tax revenue
in region r, COSTINP(i,r) is the coefficient form of the agent’s (or post-tax) price
value of the total cost of intermediate inputs used by industry i in region r, to(i,r) is
the GTAP variable for the power of the output (or income) tax on non-savings
commodity i inregionr, and PTAX(i,r) isthe GTAP coefficient for the value of the
output (or income) tax on non-savings commodity i inregionr.

The contribution of a change in taxes on intermediate inputs into current production
to the per cent change in commodity tax revenue in each region, is defined by the
equation REVINT:

REVINT (all,r,REG)
grint(r) =
(RECIP_GRCOMT(r))* (sum(i, TRAD_COMM,
sum(j, TRAD_COMM, (VDFM(i,j,/) +DFTAX(i j,r)*tfd(i,j,r) +
DFTAX(i.j,n)*(afd(i,j.r) + pm(i,n))) +
sum(i,TRAD_COMM, sum(j,TRAD_COMM,
(VIFEM(i,j,r) + IFTAX(,j,n)*tfm(ij,r) + IFTAX(,},n)* (gfm(,j,r) +
pim(i.r))));

where grint(r) is the (absolute change in the) contribution of a change in taxes on
intermediate inputs to the per cent change in commodity tax revenue in region r,
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VDFM(i,j,r) is the GTAP coefficient for the market (or pre-tax) price value of
purchases of domestic traded good i by industry j in region r, DFTAX(i,j,r) is the
GTAP coefficient for the value of taxes on the use of domestic traded good i by
industry j inregionr, VIFM(i,j,r) isthe GTAP coefficient for the market (or pre-tax)
price value of purchases of imported traded good i by industry j in region r, and
IFTAX(i,j,r) is the GTAP coefficient for the value of taxes on the use of imported
traded good i by industry j inregionr.

The contribution of a change in taxes on intermediate inputs into the production of
capital goods (investment) to the per cent change in commodity tax revenue in each
region, is given by equation REVINV:

REVINV (al,r,REG)
grinv(r) =
(RECIP_GRCOMT(r))* (sum(i, TRAD_COMM, (DINV/(i,r) +
TIRD(i,r)*tinvd(i,r) + TIRD(,n)* (invd(i,r) + pm(i,r))) +
sum(i, TRAD_COMM, (IINV/(i,r) + TIRI(i,r)*tinvi(i,r) +
TIRI(i,n)* (invi(i,r) + pim(i,n)));

where grinv(r) is the (absolute change in the) contribution of a change in taxes on
intermediate inputs into investment to the per cent change in commodity tax
revenue in region r, DINV(i,r) is the coefficient form of the market (or pre-tax)
price value of domestic intermediate input good i used for investment in region r,
TIRD(i,r) is the coefficient form of the value of taxes on domestic intermediate
input good i used for investment in region r, IINV(i,r) is the coefficient form of the
market (or pre-tax) price value of imported intermediate input good i used for
investment in region r, and TIRI(i,r) is the coefficient form of the value of taxes on
imported intermediate input good i used for investment in regionr.

The contribution of a change in taxes on goods used for private household
consumption to the per cent change in commodity tax revenue in each region, is
given by the equation REV CON:
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REVCON (all,r,REG)
greon(r) =
(RECIP_GRCOMT(r))* (sum(i, TRAD_COMM, (VDPM(i,r) +
DPTAX(i,n)*tpd(i,r) + DPTAX(i,r)* (qpd(i,r) + pm(i,r))) +
sum(i, TRAD_COMM, (VIPM(i,r) + IPTAX(i,n))*tpm(i,r) +
IPTAX(i,r)* (gpm(i,r) + pim(i,r))));

where grcon(r) is the (absolute change in the) contribution of a change in taxes on
goods used for private household consumption to the per cent change in commodity
tax revenue in region r, VDPM(i,r) is the GTAP coefficient for the market (or pre-
tax) price value of private household expenditure on domestic traded good i in
region r, DPTAX(i,r) is the GTAP coefficient for taxes on private consumption of
domestic traded good i in regionr, tpd(i,r) isthe GTAP variable for the power of the
tax on private household consumption of domestic traded good i in region r, gpd(i,r)
iIs the GTAP variable for the demand for private household consumption of
domestic traded good i inregionr, VIPM(i,r) isthe GTAP coefficient for the market
(or pre-tax) price value of private household expenditure on imported traded good i
in region r, IPTAX(i,r) is the GTAP coefficient for taxes on private household
consumption of imported traded good i in region r, tpm(i,r) isthe GTAP variable for
the power of the tax on private household consumption of imported traded good i in
region r, and gpm(i,r) is the GTAP variable for the demand for private household
consumption of imported traded good i in regionr.

The contribution of a change in taxes on goods consumed by government to the per
cent change in commodity tax revenue in each region, is given by equation
REVGOV:

REVGOV (all,r,REG)
grgov(r) =
(RECIP_GRCOMT(r))* (sum(i, TRAD_COMM, (VDGM(i,f) +
DGTAX(i,r)*tgd(i,r) + DGTAX(i,r)* (qgd(i,r) + pm(i,r)) +
sum(i, TRAD_COMM, (VIGM(i,r) + IGTAX(i,r)*tgm(i,r) +

IGTAX(i,n)*(ggm(i,r) + pim(i,nN)));
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where grgov(r) is the (absolute change in the) contribution of a change in taxes on
goods consumed by government to the per cent change in commodity tax revenue in
regionr, VDGM(i,r) isthe GTAP coefficient for the market (or pre-tax) price value
of domestic traded good i consumed by government in region r, DGTAX(i,r) is the
GTAP coefficient for the value of taxes on domestic traded good i consumed by
government in region r, tgd(i,r) is the GTAP variable representing the power of the
tax on domestic traded good i consumed by government in region r, qgd(i,r) is the
GTAP variable representing the demand for domestic traded good i by government
in region r, VIGM(i,r) is the GTAP coefficient for the market (or pre-tax) price
value of imported traded good i consumed by government in region r, IGTAX(i,r) is
the GTAP coefficient for the value of taxes on imported traded good i consumed by
government in region r, and ggm(i,r) is the GTAP variable representing the demand
for imported traded good i by government in regionr.

The contribution of a change in export taxes to the per cent change in commodity
tax revenue in each region, is defined by the equation REVEXP:

REVEXP (al,r,REG)
grexp(r) =
(RECIP_GRCOMT(r))*sum(i, TRAD_COMM, sum(s,REG,
VXWD(i,r,9)*txs(i,r,s) + XTAXD(i,r,s)* (gxs(i,r,s) + pm(i,r))));

where grexp(r) is the (absolute change in the) contribution of a change in export
taxes to the per cent change in commodity tax revenue in region r, VXWD(i,r,s) is
the GTAP coefficient for the fob world price value of exports of traded good i from
region r to region s, txs(i,r,s) isthe GTAP variable representing the power of the tax
on exports of traded good i from region r to region s, XTAXD(i,r,s) is the GTAP
coefficient for the value of taxes on exports of traded good i from region r to region
s, and gxs(i,r,s) is the GTAP variable for exports of traded good i from region r to
region s.

The contribution of a change in import taxes to the per cent change in commodity
tax revenue in each region, is given by equation REVIMP:
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REVIMP (al,s,REG)
grdut(s) =
(RECIP_GRCOMT(S))*sum(i,TRAD_COMM, sum(r,REG,
(VIWS(i,r,s) + MTAX(i,r,9)*tms(i,r,s) +
MTAX(i,r,8)* (pcif(i,r,s) + gxs(ir,s))));

where grdut(s) is the (absolute change in the) contribution of a change in import
taxes to the per cent change in commodity tax revenue in region r, VIWS(i,r,s) is
the GTAP coefficient for the cif world price value of imports of traded good i from
region r to region s, MTAX(i,r,s) is the GTAP coefficient representing the value of
taxes on imports of traded good i from region r to region s, tms(i,r,s) is the GTAP
variable for the power of the tax on imports of traded good i from region r to region
s, and pcif(i,r,s) is the GTAP variable representing the cif world price of imports of
traded good | from region r to region s.

These seven equations together define total government revenue from commodity
taxesin each region:

GOVREVCOMM (dll,r,REG)
re(r) =
grsub(r) + grint(r) + grinv(r) + grcon(r) + grexp(r) + grgov(r) + grdut(r);

A new component of government receipts is introduced to the model, ie net interest
receipts. Thus (net) government receiptsis defined as:

GOVT_RECTS(al,r,REG)
RCGVR(r)*rgr(r) =
RVTXY CR(r)*rtyr(r) + GRCOMT(r)*rc(r) +
RCGVR(n)*grgir(r) +RCGVITR(r)*rgr(r);

where grgir(r) is the (absolute change in the) ratio of government net interest
receipts to (net) government receiptsin region r, and RCGVITR(r) is the coefficient
form of government net interest receipts in region r. The change in government
receipts in each region (the term on the left hand side) is the sum of the change in
income taxes (the first term on the right hand side), the change in net (of subsidies)
indirect taxes (the second term on the right hand side), and the change in
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government net interest receipts (the third and fourth terms on the right hand side)
in each region.

Income tax in each region is the sum of taxes on labour income and property
income in each region:

INCOME_TAX (al,r,REG)
RVTXY CR(r)*rtyr(r) =
RVTXYCLBR(r)*rtylr(r) + RVTXY CPPR(r)* rtypr(r);

where RVTXYCLBR(r) and rtylr(r) are the coefficient and variable forms,
respectively, of tax revenue from labour income in region r, and RVTXY CPPR(r)
and rtypr(r) are the coefficient and variable forms, respectively, of tax revenue from
property income in region r. As household net interest income is now a component
of household property income, it is aso a component of the tax base for taxes on
household property income. Thus, the income tax base has been altered to include
household interest income. It does not, however, include the other new component
of household income, namely, transfer payments from governments to households.

Tax revenue from labour income and property income in each region is the product
of the respective tax rates and tax bases in each region:

TAX_LABR_INCOME (al,r,REG)
rtylr(r) = tylr(r) + ylr(r);

TAX_PROPY_INCOME (dl,r,REG) ! Altered section 4.7!
rtypr(r) = typr(r) + yhpr(r);

where tylr(r) and typr(r) are the tax rates on labour income and property income,
respectively, inregionr.

The rates of tax on labour income and property income in each region are a function
of a general shift in income tax rates, and a tax base-specific shift in tax rates, in
each region:

RATE_TAX_LABR_INCOME (al,r,REG)

tylr(r) = ftyr(r) + ftylr(r);
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RATE_TAX_PRPY_INCOME (dll,r,REG)

typr(r) = ftyr(r) + ftypr(r);

where ftyr(r) represents a general shift in income tax rates in region r, ftylr(r)
represents a shift in the labour income tax rate in region r, and ftypr(r) represents a
shift in the property income tax rate in region r. In the standard closure ftylr(r) and
ftypr(r) are exogenous, along with grgsr(r) (ie the ratio of government surplus on
current transactions to net government receipts (government saving ratio) in region
r), while ftyr(r) is endogenous. This has the effect of constraining the budget deficit
in each region. Thus, in simulations where indirect tax rates are shocked (eg tariffs),
direct tax rates will adjust equally (via ftyr(r)) so as to keep the government saving
rate fixed. If it is seen as appropriate to have all this adjustment occur on either
labour income tax rates or property income tax rates, then a closure swap is
necessary. This requires swapping ftyr(r) with either ftylr(r) or ftypr(r), on the
exogenous list. The first swap would force al tax revenue adjustment to occur via
labour income tax rates, and the second swap would force all adjustment to occur
via property income tax rates.

The ratio of government net interest receipts to total government receipts in each
region is (in levels) the product of the bond rate and the ratio of government net
ownership of bonds to total government receipts in that region:

GOVT_INTT_RECTS (al,r,REG)
RCGVR(r)*qrgir(r) =
ASGVR(r)*rbr(r) + RTBD*RCGVR(r)*grgbr(r);

Nomina government consumption expenditure in each region (zg(r)) is equal to the
price multiplied by the quantity of government consumption in each region:

VALGOVDEMCOM (al,r,REG)
zg(r) = pgov(r) + ug(r);
where ug(r) is government demand for commoditiesin regionr.
Government (current) expenditure in each region is determined by the equation:
GOVT_CURRNT_OUTLS (all,r,REG)

OLGVR(r)*ogr(r) =
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GOVEXP(r)*zg(r) + URGVHHR(r)*ughr(r) + d_ughr(r);

where OLGVR(r) and ogr(r) are the coefficient and variable forms, respectively, of
total government expenditure region r, and. The change in government expenditure
in each region (the left side of equation GOVT_CURRNT _OUTLYS) is equal to the
change in government consumption expenditure in that region (the first term on the
right hand side) plus the change in transfer payments in that region (the second and
third terms on the right hand side). Note that government interest payments are not
included as a form of government expenditure. This is because government interest
receipts are measured net of interest payments. Thus they are excluded as a separate
form of government expenditure.

Equation TRANSFRS GOVT_HHOLD determines transfer payments to private
households in each region, allowing them to move in proportion to household pre-
transfer disposable income:

TRANSFRS GOVT_HHOLD (all,r,REG)
ughr(r) = fughr(r) + yhvr(r);

where fughr(r) is a shift in transfer paymentsin region r. That is, transfer payments
(in'levels) in each region are equal to the product of a shift in transfer payments and
household pre-transfer (disposable) income in that region.

Equation DISPN_GOVT_RECTS equates net government receipts in each region
with the sum of government expenditure and the government surplus on current
transactions (government saving) in each region:

DISPN_GOVT_RECTS (dl,r,REG)
RCGVR(r)*rgr(r) =
OLGVR(r)*ogr(r) + RCGVR(r)*grgsr(r) + SPGVR(r)*rgr(r);

With all indirect tax rates and the government saving ratio (grgsr(r)) set
exogenously, and all direct tax revenue endogenous, this equation determines the
direct tax rate.

International allocation of investment

As noted above, the allocation of capital among regions is governed by a set of
parity conditions which ensure that rates of return are equal between regions. For
this condition to hold over time, investment must be allocated so that time rates of
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change in rates of return are equal across regions and industries. This is the new
parity condition required for the allocation of investment among regions.

As GTAP is a comparative static model, it is not possible to impose model-
consistent expectations, that is, where rates of return expected to be earned in later
periods are consistent with actual rates in those periods. The most that can be
achieved is broad consistency between expected rates of return and actual rates of
return. It is within these limits that the international allocation of investment
equations are derived.

To determine the expected time rate of change in the rate of return on capital,
several assumptions are made regarding investors expectations. The expected rate
of return on capital at any given point in time depends only on the size of the capital
stock. Given growth in the world economy over time, investors expect that capital
stocks can also grow at some rate without a fall in the rate of return. The elasticity
of the expected (gross) rate of return with respect to the expected size of the capital
stock isfixed. The growth rate of the capital stock consistent with an expectation of
no change, over time, in the rate of return is also fixed. Given these assumptions, an
equation determining the expected rate of change, over time, in the rate of return on
capital can be derived (see McDougall 1993b, appendix B):

EXPD_RATE_RETN_CAPL (all,r,REG)
ercrkr(r) =
EL_ERCRK_K_R(r)* RTKPGRR(r)* RTIVKPR(r)* (qegds(r) - kt(r)) +
EL_ERCRK_K_R(r)* (RTIVKPR(r) - RTDPR(r) - GTSSKPR(r))* rkr(r);

where ercrkr(r) is the (absolute change in the) expected rate of change in rate of
return on capital in region r, EL_ERCRK_K_R(r) is a parameter representing the
elasticity of the expected rate of return on capital with respect to the capital stock in
region r, RTKPGRR(r) is the coefficient form of the average (gross) rate of return
on capital in region r, RTIVKPR(r) is a parameter defining the ratio of (gross)
investment to capital in region r, qcgds(r) is the GTAP variable for gross real
investment in region r, RTDPR(r) is a parameter defining the depreciation rate in
region r, and GTSSKPR(r) is a parameter representing the steady-state rate of
growth in real capital stock in region r (ie a growth rate consistent with zero
expected change, over time, in the rate of return). The parameters
EL_ERCRK_K_R(r) and GTSSKPR(r) are estimated outside the model. How thisis
done is outlined in the section detailing the modifications made to the GTAP
database, as part of this extension (see appendix E).
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Remembering that EL_ ERCRK_K_R(r) is negative, then the first term on the right
hand side of equation EXPD_RATE_RETN_CAPL says that the higher the level of
investment, the quicker will be the decline in the rate of return. The second term on
the right hand side captures two important determinants of ercrkr(r). If the ratio of
net (of depreciation) investment to capital in a given region is equal to the steady-
state rate of growth in the real capital stock in that region, then there will no
expected decline in the rate of return in that region. Where the former ratio is
greater than the latter, the expected rate of change in the rate of return in that region
will be negative. Another important determinant of ercrkr(r) is the actual (gross)
rate of return (rkr(r)). In those circumstances, when net investment exceeds the
steady state rate of growth of capital, the greater the increase in the actual rate of
return in a region, the greater the decline in the expected rate of return in that
region.

Equation EXPD_RATE_RETN_CAPL requires the definition of the average rate of
return on capital in each region. This is defined in terms of the equivalent GTAP
variable:

AVGE_RATE_RETN_CAPL (al,r,REG)
rkr(r) =
RTKPGRR(r)*{sum[k, ENDWC_COMM, pm(k,r)] - pcgds(r)};

where ENDWC_COMM is the set of the single capital endowment commodity, ie
capital.

It is necessary also to specify how rates of return equilibrate over time. Starting
from the premise that the expected average rate of return on capital is equal to the
sum of the expected normal rate of return (identified here with the required rate of
return on equity) and the average abnormal rate of return, and assuming that the
average abnormal rate of return is expected to shrink to zero over time, the
following equation can be derived:

EQN_RATE_RETN_CAPL (al,r,REG)
ercrkr(r) = ercrer(r) - CEAIJRTKPR(r)*rar(r);

where ercrer(r) is the (absolute change in the) expected rate of change in the
required rate of return on equity in region r, CEAJRTKPR(r) is a parameter
representing the rate of adjustment in the returns to capital (per annum) in region r,
and rar(r) is the (absolute change in the) average abnormal rate of return on capital
inregionr.
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The average abnormal rate of return in each region is determined by the equation:
AVGE_ABNL_RETN_CAPL (dl,r,REG)
rar(r) =
sum(i,TRAD_COMM, SKT(i,n*rari(i,r)) +
sum(i, TRAD_COMM, RTKPANRI(i,r)* SKT(i,r)*kk(i,r)) -
RTKPANR(r)*kt(r);

where SKT(i,r) is share of industry i in the capital stock of region r, and
RTKPANRI(i,r) is the coefficient form of abnormal rate of return on capital in
industry i in region r. The variable kk(i,r) is the usage of capital by industry i in
region r defined by the equation E_Kk:

E Kk (al,i, TRAD_COMM)(all,r,REG)
kk(i,r) = sum(k, ENDWC_COMM, gfe(k,i,n);

where gfe(i,j,r) isthe GTAP variable for the demand for endowment i by industry |
inregionr.

Equation AVGE_ABNL_RETN_CAPL says that the average abnormal rate of
return in each region is the share-weighted sum of the abnormal returns to capital in
each industry in that region.

The expected rate of change in the required rate of return on equity in each regionis
determined by an equation derived from the capital-bond parity condition (equation
EQY_BOND_PARY):

EXPD_RATE_RETN_EQY (al,r,REG)
ercrer(r) = ercrbr(r) + ercfrer(r);

where ercrbr(r) is the (absolute change in the) expected rate of change in the bond
rate in region r, and ercfrer(r) is the (absolute change in the) expected rate of change
In the equity premiumin regionr.

The expected rate of change in the bond rate in each region is determined by an
equation derived from the international interest parity condition (equation
INTERNL_INTT_PARY):
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EXPD_BOND_RATE (al,r,REG)
ercrbr(r) = ercrb;

where ercrb is the (absolute change in the) expected rate of change in the world
bond rate.

Collectively, equations EXPD_RATE_RETN_CAPL, EQN_RATE_RETN_CAPL,
EXPD_RATE RETN_EQY and EXPD_BOND_RATE define a global investment
demand function. Global investment demand is an inverse function of the expected
rate of change in the world bond rate. That is, the higher the expected future bond
rate, the lower the level of investment demand. The global supply of investment is
determined by global saving. Together, the global investment demand and supply
functions determine the expected rate of change in the world bond rate, which in
turn determines investment in each region.

Plainly, the GTAP investment equation RORGLOBAL is inconsistent with the new
investment theory introduced for GTAPICM. Therefore, the GTAP equation is
turned off by a closure change and parameter choice. Coefficient RORDELTA is set
equal to 1. All but one component of the RORGLOBAL Slack variable cgdslack are
made endogenous,4 while al components of the ExXPD RATE RETN_EQY slack
variable ercfrer are made exogenous. The variable ercrb is made endogenous, and
plays a paralel role to that played by the variable rorg in the GTAP investment
theory. It adjusts to ensure that the sum of investment across regions equals the
global pool of savings.

Various miscellaneous alterations to GTAP equations

In GTAP, the rental price of capital is uniform across industries, since capital is a
mobile endowment. In the ICM extension, an industry specific price (variable rp) is
introduced. This is tied to the regional price via an ateration to the capita
component of the GTAP market clearing condition for mobile endowments, thus:

MKTCLENDWM (all,i,ENDWM_COMM)(@l,r,REG)
VOM(i,r) * qo(i,r) = sum(j,PROD_COMM, VFM(i,j,r) * gfe(i,j,r) +

sum[k,ENDWC_COMM ik eqi,

4 One component remains exogenous so that the corresponding component of equation
RORGLOBAL determines the variable rorg. Even though the variable rorg does not influence the
behaviour of GTAPICM, it till needs to be determined or the model will not solve.
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-VOM(i,r) * pm(i,r) + sum(j, TRAD_COMM, VFEM(i ,j,r) * rp@,n)]
+ VOM(i,r) * endwslack(i,r) ;

So the market clearing condition determines the pre-tax regional rental of capital
pm(“capital”,r) for region r by equating the pre-tax regional rental value of capital
with the sum of rentals across industries.

The ICM extension has an industry-specific rental price of capital (variable rp) to
allow rates of return to vary across industries if desired by the model user. GTAP
has only a region-specific rental price of capital, but allows industry specific taxes
on capital, leading to an industry-specific tax-inclusive price pfe(“capita” j,r). The
associated tax revenues are not, however, included in government revenue in
GTAPICM, so that they are in effect abnormal rentals to capital. Consequently,
pfe(* capital” ,j,r) performs the same function in GTAP as rp(j,r) performs in the
ICM extension. Therefore, to fully integrate GTAP and the ICM extension, it is
necessary to equate the variables rp and pfe(* capital”,j,r) by alteration of the capital
component of the GTAP equation MPFACTPRICE, thus:

MPFACTPRICE (all,i, ENDWM_COMM)(all,j,PROD_COMM)(all,r,REG)

pfe(i,j,r) =tf(i,j,r) + pm(i,r) +
sum{k,ENDWC COMM:k eqi,sum[j ,TRAD COMM:j eqj_,

rp(_r) - pm(i.n]};

The sum on the right hand side calculates the difference between the industry-
specific ICM-extension rental price of capital and the GTAP regional rental price of
capital, when i is in set ENDWC_COMM={ capital}. Consequently, the equation
becomes

pfe(i,j.r) = tf(i.j.N+rp@.r);

when i="capital”. Plainly, the capital components of tf should not be shocked in the
current implementation of GTAPICM.

These modifications are currently redundant, since for current applications of
GTAPICM both data and closure ensure that rp(j,r) are equal for al j (no abnormal
returns), and consequently equal to the capital component of pm. They are included
for the sake of completeness.

The GTAP variables for income taxes — the primary factor components of the
power of output taxes (variable to) — must be linked to the GTAPICM income tax
variables, thus:
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LAB_TAX (al,i,LABOR)(all,r,REG)
to(i,nN=[VOM(i,r)-VOA(,nN]/VOA(,r*tylr(r);

NON_LAB_TAX (all,i,NONLAB_ENDW)(all,r,REG)
to(i,n)=[VOM(i,n-VOA(,N]/VOA(,r*typr(r);

Note that as variables tylr and typr are percentage changes in the rates of income
taxes, and variable to is a percentage change in the power of incomes taxes, the
coefficient expression on the right hand side of each equation ([VOM(,r)-
VOA(I,N]/VOAC(i,N) isrequired.

Some inconsequential alterations were made to some GTAP equations, almost as an
accidental by-product of the vacillations involved in model development. In
standard GTAP, equation savINGs specified nominal savings as a fixed share of
nominal income, while equation PRIVATEXP defined nominal private consumption as
a residual after subtracting nominal savings and government consumption from
income. In GTAPICM the form of these equationsis reversed thus:

SAVINGS (al,r,REG)
PRIVEXP(n)*yp(r) = INCOME(r)*y r(r)
-SAVE(r)* [psave(r)+agsave(r)]
-sum(i, TRAD_COMM,VGA(i,n*[pa(i,r)+qg(i,n])
+saveslack1(r);
PRIVATEXP (al,r,REG)

yp(r)=y_r(r)+privslack(r);

Some dlack variables have been added. A closure with saveslackl endogenous
would plainly be a non-GE closure, since the identity between national income and
its components — private and government consumption and savings — would be
broken. The variable privsack could be endogenised if it was required to hold the
ratio of private savings to private income (variable qyhsr) fixed. While this may be
a sensible choice in some circumstances, it should be noted that this would
invalidate the GTAP utility measure (variable u), which is based on the assumption
that utility is a Cobb-Douglas function of private and government consumption and
savings. In current applications, private saving adjusts to ensure that total nominal
savings is a fixed share of nomina income, consistent with a Cobb-Douglas
functional form, and thereby preserving the validity of the welfare measure.
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3.3 Extension of the welfare decomposition

Foreign income from bond holdings contributes to national income and hence
welfare. The contribution of net foreign interest income to welfare is decomposed
into an interest rate (rate of return on bonds) effect, an asset price effect, and an
endowment (real quantity of bonds) effect according to the scheme described in
appendix B.

EQUATION CONT_EV _pricer (al,r,REG) ! Altered section 4.5!
CNTpricer(r)=CNTcgdsr(r)+CNTtotr(r)+
[.OVINCRATIO(N]*[YCITR(r)*ipc];

The third term on the right hand side is the contribution of the asset price of bonds
(equals the world consumption price index) to welfare. It is amalgamated with the
GTAP contributions CNTtotr and CNTcgdsr into one overall contribution of prices
to welfare.

CONT_EV _intrater (al,r,REG)
CNTintrater(r)=[.OL/INCRATIO(r)]* ASBDR(r)*rbr(r);

The contribution of the rate of return on bonds to welfare involves the asset value of
bonds (coefficient ASBDR) times the percentage point change in the rate of return
on bonds (variable rbr), in line with the derivation in appendix B.

CONT_EV_bondr (all,r,REG) ! Altered section 4.5!
CNTbondr(r)=[.OL/INCRATIO(n]*
{YCR(N*qyir(r)+YCITR(r)*[y_r(r)-ipc]} -CNTintrater(r);

The endowment effect contribution to welfare from bonds is determined as the
difference between net foreign interest income

Y CR(r)*qyir(r)+Y CITR(r)*y_r(r)

scaled by 0.0/INCRATIO(r) and the sum of the other two contributions.
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4 FTAP asset supply

The international capital mobility extension of GTAP (GTAPICM) enables private
and government wealth to be endogenised, with private wealth being perfectly
transformable between local equity (capital, land and natural resources) and bonds
(foreign lending and borrowing). Consequently, rates of return equate between all
assets (except where lending and borrowing is restricted in the so-called ‘imperfect
capital mobility’ closure, which holds regiona bond to income ratios fixed), and
bilateral ownership of assets is indeterminate. Thus, only a country’s total net
income from abroad can be uniquely defined, not the disposition of that income
between creditors and debtors or between aternative assets.

However, the modelling of FDI requires that bilateral ownership of capital be
represented in the model. There are at least two reasons for this.

First, at least domestic and foreign-owned capital in each industry must be
distinguished to support the differing levels of impediments to services trade by
foreigners versus residents of aregion.

Second, bilateral ownership of capital allows the FDI linkages between countries of
similar income levels to be captured. Inward (outward) FDI is not spread uniformly
across all possible home (host) regions, but tends to be associated with regions at a
similar stage of economic development to the host (home). When policy shocks
affect the returns to foreign-owned capital in a region, plainly it is critical that the
impacts fall upon the particular owners of that capital, and not just on foreignersin
general.

To model FDI, the imperfect transformation of private wealth across bonds, local
land and natural resources, and capital in all regions and industries, replaces the
perfect transformation between bonds and local equity of GTAPICM. The treatment
used is very close to that of Petri (1997), who uses a nested CET supply function for
capital, with rates of return acting as supply prices. A full description of the
approach and parameter settingsis provided in section 4.1.

Sections 4.2 to 4.6 describe the equations determining asset supply in FTAP.
Section 4.2 covers the equations determining how the quantities of assets supplied
depend on rates of return. Section 4.3 details the equations defining rates of return
and dedls with provisions for choosing between pre- or post-tax rates of return.
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Section 4.4 contains the definitions of pre- and post-tax and pre- and post-
impediment rental prices of capital. Section 4.5 contains the definitions of asset
prices. Section 4.6 gives the new market clearing conditions for capital.

Section 4.7 describes the equations for foreign income flows arising from FDI.

Section 4.8 describes the new welfare decomposition terms spawned by the foreign
income flows according to the approach outlined in appendix B.

4.1 Asset supply function — structure and
parameterization

In the model of Petri (1997), the fixed amount of capital owned by each region is
allocated between host regions and industries according to a three level nested CET
scheme. At the first level, capital is allocated among industries. Second, the capital
allocated among industries is partitioned between the domestic industry and foreign
industries in general. Third, the capital allocated to foreign industries in general is
partitioned across host regions.

This nested CET specification is extended two levels higher in FTAP, since the
(endogenous) private weath introduced in GTAPICM includes assets other than
capital, that is, land, natural resources and bonds. At the highest level, private
wealth is allocated between bonds! and equity. At the second level, equity is
allocated between local land and natural resources and capital. Capital is then
allocated viathe three level nest of Petri (1997). The same transformation parameter
is used at the top two levels, so they can effectively be regarded as one level (asin
figure 2.3).2

FTAP uses the exponential of the rate of return as the supply price driving asset
allocation, rather than just the rate of return as in Petri (1997). This change to the
theory permits rates of return to be negative, both in the origina database and

1 The distinction in the interpretation of private bonds after the introduction of FDI and private
bonds in GTAPICM should be noted. Private bonds in GTAPICM represent the excess (deficit)
of private wesalth above (below) productive assets residing in aregion. The counterpart to private
bonds under the FDI extension would be private bonds plus domestic capital plus foreign capital
owned by the region plus local land and natural resources minus local capital owned by
foreigners.

2 It should be noted that the asset supply nest equations presented in section 4.2 are actualy of
CRETH (a generalisation of CET) form, except for the upper two levels where wealth is split
between bonds and equity, and equity is split among capital, land and natural resources. The
selected parameter settings, however, reduce all levelsto CET.
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during the course of asimulation. There is one reason, specific to FTAP, why thisis
necessary, and a second reason why it is highly desirable.

First, the (asset or rental) value of private bonds held by a region can be either
positive or negative. This was not an issue for Petri (1997), where the capital owned
by aregion was fixed and bonds were not required to cover the financing of capital
supply. The difficulty it raisesin the present context is that the prices and quantities
of a CET aggregator function must be positive. The resolution of the difficulty
relies on being able to accommodate negative rates of return within the theory of
asset supply. The quantity of private bonds held by aregion is always considered to
be positive, but their rate of return is of the same sign as the rental value of the
bonds, and can be positive or negative. But since the exponential of the rate of
return is used as the bond supply price in the CET aggregator, both the quantity and
supply ‘price’ of bonds are positive for all regions.

Second, it is possible that in the FTAP database, negative rates of return could
occur, especially when it is disaggregated to a higher level of commaodity coverage,
as will be necessary for modelling services liberalisation in particular sectors. While
the Petri (1997) treatment could possibly deal with rates of return that approach zero
during the course of a policy simulation,3 it could not accommodate initial negative
rates of return for the reasons discussed in the previous paragraph.

An implication of using the exponential of the rate of return as the asset supply
price is that the transformation parameters are semi-elasticities, that is, they are the
percentage changes in relative quantities induced by percentage point changes in
rates of return. For example, at the top level in figure 2.3, a change of one
percentage point in the bond rate, with the rates of return on capital, land and
natural resources constant, would induce a one per cent change in the ratio of the
guantity of bonds to equity.

The imperfect transformation treatment of asset supply means that rates of return
can differ among assets and among regions. The exception to the latter is that bonds
are considered to be globally uniform, so that their rate of return is the same
regardless of who issues them. By way of contrast, the rate of return on capital can
differ not just between regions, but between industries and across different owners
of capital in aparticular industry.

3 Astherate of return in an industry approached zero, the capital supplied would approach zero. If
the demand for capital is a CES choice among primary factors — as in most GE models — the
demand price of capital would approach infinity as the quantity of capital approached zero. That
is, necessarily positive demand quantities for capital would cause rates of return to remain
positive.
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Bonds are a means of financing the aggregate FDI and domestic investment
undertaken by a region (borrowing) or funding the aggregate FDI and domestic
investment of foreign regions (lending). Bonds are not instruments for financing
FDI in particular industries and host regions. This would require a further level at
the bottom of the nest determining the debt to equity ratio for particular industries.
While such atreatment would be possible, it would seem to add little for the current
applications of FTAP.

The pattern of nesting reflects the relative difficulty of reallocating wealth between
different assets. At the top level, bonds, land, natural resources and capital are very
different assets. Assigning the sectoral allocation of capital to a higher level in the
nest than the regional allocation implies that it is easier to realocate FDI among
regions than among sectors. One possible interpretation of this structure is that the
acquisition of the sector-specific knowledge associated with FDI is more difficult
than the acquisition of any region-specific knowledge required for shifting between
regions.

The transformation semi-€elasticities for the asset supply nest (figure 2.3) were
chosen so that the behaviour of FTAP for a simulation of the complete removal of
primary and secondary protection was similar to GTAPICM with the ‘imperfect
capital mobility’ closure. This represents a conservative model development
strategy: introduce an innovation, but parameterize so that it remains close to what
isfamiliar. By proceeding in this manner it is possible to discover new insights, but
not be completely overwhelmed by a multitude of unfamiliar phenomena.

Though the semi-elasticities at each level appear small, the overall transformation
semi-elagticities (that is, with wealth fixed) between items at the lowest levels can
be quite high — often of magnitude 20 and possibly as high as 60 (differences being
due to shares of assets in regional portfolios). For example, for two assets with an
semi-elasticity of 20, a one percentage point increase in the rate of return on the first
asset will increase the ratio of the quantity of the first asset to the second by 20 per
cent.4

4 Formulae for calculati ng elasticities for a general CES nesting are provided on page 83 of Keller
(1980).
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4.2 Quantity of assets supplied

Preliminaries

The names of variables introduced for the asset supply extension follow certain
conventions. Aninitial ‘k’ means ‘ quantity of capital supplied’. Supply quantities of
other assets begin with ‘q’. Aninitial ‘c_rr’ means ‘ percentage point change in rate
of return’. Where the last three letters of a variable name are some combination of
‘h', “ 7 and ‘I, this indicates that the variable ranges over a home region, a host
region and an industry, or is an aggregate over one of these dimensions. For
example, a suffix of ‘h i’ means that the variable ranges over home region and
industry, and is an aggregate across all host regions.

Aninitia ‘r_’ means ‘percentage change in the reciprocal of the exponential of the
rate of return’. These might seem like strange variables, but they are required in the
updating of the shares of assets in the asset supply function (these shares are used in
the rates of return equations of section 4.3, and discussed in appendix C). The ‘r_’
variables have thus been defined for the terminal nodes on branches of the supply
nest, where the GEMPACK updating formulae for shares are applied. Each of the
‘r ' variables is related to the change in the corresponding rate of return as follows.
Letting R be a rate of return, the percentage change in the reciprocal of the

exponentia of the rate of returnis:

100.A{exp(- R} /exd - R = -100.exp(- R)AR/exp(- R)
=-100.AR

That is, the percentage change in the reciprocal of the exponential of arate of return
eguals minus the percentage point change in the rate of return.

Names of variables in the model prior to the addition of the asset supply extension
remain unchanged, and will not conform to the above conventions. Nevertheless,
rates of return generally begin with ‘r’ and asset values with ‘a’.

The equations

In GTAPICM each region owns all capital residing in it. This is not the case in
FTAP. Therefore, equity must be redefined in terms of capital owned by a region.
Thisrequires alterations to the GTAPICM equations VALUE_CAPL and EQY, thus:

VALUE_CAPL # vaue of physical capital, by region # (all,r,REG)
akr(n)=pk_h__(r)+kt(r);
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EQY # equity in productive assets, by region # (all,r,REG)
ASEQR(r)*aer(r)=VKT(r)*akr(r)+ASLNR(r)*anr(r)+ASLNRR(r)* anrr(r);

Variablepk_h__(r) isthe asset price of capital owned by region r (defined in section
4.5), while kt(r) is the real quantity of capital owned by region r. Thus the variable
akr(r) has been redefined to be the asset value of capital owned by region r, rather
than residing in region r. The value of equity in productive assets for region r —
variable aer(r) — is likewise redefined. Note that since akr has been redefined in
equation VALUE_CAPL, the only alteration required (from GTAPICM) to equation
EQY isto replace the coefficient VKB(r) (the asset value of capital residing in region
r) with the coefficient VKT(r) (the asset value of capital owned by region r). A
parallel alteration to the formula calculating the coefficient ASEQR is also made.

E_ghr #Private real wealth# (all,s,home)
ipahr(s)=ahr(s)-ghr(s);

This equation defines real private wealth ghr(s) as nominal private wealth ahr(s)
deflated by the private wealth price index ipahr(s). The latter two variables are
defined by the GTAPICM equations HHOLD_OWNP BONDS REG  and
HHOLD_ASST_PRINDX, respectively. Real private wealth is not required in any of the
GTAPICM equations (and so is not defined there), but is needed in FTAP as the
quantity that is partitioned between aternative assets in the nest CET asset supply
function.

E_gbr #Private ownership of bonds# (all,s,home)
ghr(s)-qbr(s)=KTRA_H__(s)*[rhr(s)+CRED_DEBT(s)*r_rbr(s)];

E_ger #Private ownership of equity# (all,s,home)
ghr(s)-ger(s)=KTRA_H__(s)*[rhr(s)-rer(s)];

These two equations correspond to the top level of the supply nest, and determine
the allocation of private wealth between bonds and equity, respectively. Variables
ghr(s), gbr(s) and ger(s) are the percentage changes in the quantities of private
wealth, bonds and equity held by region s, while rhr(s), rbr(s) and rer(s) are the
corresponding percentage point changes in rates of return. As discussed in the
preliminaries, r_rbr(s)=-rbr(s). The coefficient KTRA_H__(s) is the transformation
semi-elasticity and is set equal to 1 (figure 2.3).

The coefficient CRED_DEBT(s) is an indicator of whether region s has positive or
negative rentals from private bond holdings: 1 for positive, -1 for negative. Thus the
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guantity of bonds is positively (negatively) correlated with the rate of return on
bonds if a region has positive (negative) bond rentals. Expressed more
conventionally, a creditor (debtor) will lend (borrow) more (less) if the interest rate
increases.

E pnr #Purchase price of land# (all,r,REG)
mt(r)-ger(r)=KTRA_H__(r)*[-r_rr_land(r)-rer(r)];

E pnrr #Purchase price of natural resources# (all,r,REG)
nru(r)-qger(r=KTRA_H__(r)*[-r_rr_natres(r)-rer(r)];

E k h_ #Aqggregate supply of capital by home region# (all,s,home)
k_h_ (9)-ger(s)=KTRA_H__(s)*[c_rr_h_ (9)-rer(9)];

These equations determine the second level partitioning of equity between local
land and natural resources and capital, respectively. The supply quantities of land,
natural resources and capital for region r are mt(r), nru(r) and k_h__(r), the first two
variables being present in GTAPICM and thelast — k_h_ (r), the capital owned by
region r — being introduced for FTAP. The percentage point changes in the rates of
return for land, natural resources and the capital owned by region r are c_rr_land(r),
c rr_natres(r) and c rr_h_ (r), with the first two having corresponding ‘r’
variables. The same transformation semi-elasticity KTRA_H__ as occurs at the top
level of the nest occurs here also.

The first two equations are named after the purchase or asset prices of land and
natural resources, pnr and pnrr, respectively. This reflects the function of these
eguations in determining these prices via the fixity of land and natural resources in
each region. Thus equations E pnr and E pnrr replace GTAPICM equations
PRICE_LAND and E_pnrr, which define the asset prices of land and natural resources
by perfect arbitrage between rates of return.

In GTAPICM there is no distinction between the capital owned by a region and the
capital residing in aregion. In FTAP thereis, and it is critical that the equality from
GTAPICM between the (GTAPICM) variable kt and the (GTAP) variable kb be
broken. Both variables are redefined thus:

E_kt #SALTER quantity of capital kt is capital owned by home#
@@al,r,REG) k_h__ (n)=kt(r);

E kb #GTAP quantity of capital kb is capital residing in the host, asset weights#
(al,d,host)
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sum(i,TRAD_COMM ,sum(s,home,VFDI_HHI(i,s,d))+VKD(i,d))*kb(d)=
sum(i, TRAD_COMM,
sum(s,home,VFDI_HHI(i,s,d)*k_hhi(i,s,d))+
VKD(i,d)*kd_h_i(i,d))+f_kb(d);

That is, kt(r) is equated with the quantity of capital owned by region r, while kb(d)
Is an asset value weighted index of the quantity of capital residing in region d.
Defined thus, both kt and kb operate correctly in the GTAPICM equations in which
they already occur. Equation E _kt replaces GTAPICM equation E_kt, which
equated kt and kb. The determination of kb via equation E_kb means that variable
frer must be endogenised, permitting regional rates of return of capital (variable rkr)
to vary among regions. That is, GTAPICM equation EQY_BOND_PARY is essentially
removed from FTAP.

E k hi(dl,,TRAD _COMM)(al,s,home)
k hi(i,9-k h (9=KTRA_H_I(i,9*[c_rr_h_i(i,9)-c_rr_h_(9)];

This equation, which allocates total capital owned by a region among industries, is
thefirst level of the nest at which it is possible to specify a CRETH rather than CET
form. This is due to the industry dimension i on the transformation parameter
KTRA_H_I. In practice, all components of KTRA_H_1| have been set to 1.2 (figure
2.3).

E _kd h i (al,i,TRAD_COMM)(al,s,home)
kd_h_i(i,s)-k_h_i(i,5)=KTRAD_H_I(i,s)*[-r_rrd_h_i(i,s)-c_rr_h_i(i,s)];
E kf_h i (al,i,TRAD_COMM)(all,s,home)
kf h i(i,s)-k_h_i(i,59)=KTRAF_H_I(i,9)*[c_rrf_h_i(i,s)-c_rr_h_i(i,9)];

The equations for partitioning capital allocated to a particular industry between the
domestic and foreign industries are also written in the CRETH form, but in practice
collapsed to the CET form by setting all components of KTRAD H | and
KTRAF_H_I to 1.3 (figure 2.3). Note that as ‘ capital in the domestic industry’ isthe
terminal node of a branch, the equation E_kd_h i is written with the ‘r ' variable
for capital in the domestic industry. The equation for capital allocation to the
foreign industries is written entirely in terms of rates of return.

E k hhi (al,i,TRAD_COMM)(all,s,home)(al,d,host)

FTAPASSET SUPPLY 61



k_hhi(i,s,d)-kf_h i(i,9=KTRA_HHI(i,sd)*[-r_rr_bhi(i,s,d)-c_rrf_h i(i,9)];

This is the equation representing the lowest level of the asset supply nest, the
divison of capital, allocated to foreign industries of a particular type (primary,
secondary or tertiary), between host regions. Again, it is of CRETH form but
collapsed to CET with all components of KTRA_HHI set equal to 1.4 (figure 2.3).

4.3 Rates of return

Preliminaries

An initial ‘c_trr’ means ‘percentage point change in post-tax rate of return’, while
the prefix ‘c_rr’ isused for pre-tax rates of return.

The equations defining the ‘r_’ variables (‘ percentage change in the reciprocal of
the exponential of the rate of return’ variables) are presented in this section. As
shown in the previous section, the percentage change in the reciprocal of the
exponential of arate of return equals minus the percentage point change in the rate

of return.

Throughout this group of equations, the rate of return of an asset that is an
aggregate of other assets is defined implicitly by an equation that equates the
aggregate quantity to a share-weighted sum of constituent quantities. For example,
the real quantity of equity is equated with a share-weighted sum of the quantities of
land, natural resources and capital. There are two advantages with this implicit
mode of definition.

First, in linearised form, the equation for the rate of return of the aggregate will
remain the same if the CET aggregator function is replaced by the more general
CRETH function.> For all such constant returns to scale aggregator functions, under
optimising behaviour the percentage change in the aggregate quantity equals the
value share-weighted sum of the percentage changes in constituent quantities.

Second, the form of the equation is the same regardless of whether pre- or post-tax
rates of return are used, since the constituent rates of return do not enter the
definition of the aggregate rate of return.

The rates of return defined by the following equations are net of depreciation. The
linearised relationship between a net rate of return and its constituent rental price,

5 The transformation parameters KTRA_* are aready dimensioned to accommodate this extension.
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asset price and depreciation rate is derived as follows: letting R be the net rate of
return, P the rental price, A the asset price, D the depreciation rate and lower case
|etters denote percentage changes,

R=P/A-D
Therefore

100.AR =100.(AP/ A~ P/ A> AA- AD)
= P/A(p-a)-100AD

Thus, for a constant depreciation rate, the percentage point change in the net rate of
return is equal to the gross rate of return times the difference of the percentage
changesin rental and asset prices.

The equations
E c rr_hhi (al,i,TRAD_COMM)(all,s,nome)(all,d,host)
c_rr_hhi(i,s,d)=[RR_HHI(i,s,d)+DEPRIND(i,d)]*[rps(i,s,d)-pcgds(d)];
E c trr_hhi (al,i, TRAD_COMM)(al,s,home)(all,d,host)
c_trr_hhi(i,s,d)=
[1-TYPR_L(d)]*[RR_HHI(i,s,d)+DEPRIND(i,d)]* [psks(i,s,d)-pcgds(d)];
E _r_rr_hhi (al,i,TRAD_COMM)(al,s,home)(all,d,host)
r_rr_hhi(i,s,d)=
-[POST_TAX_RR*c _trr_hhi(i,s,d)+PRE_TAX_RR*c rr_hhi(i,s,d)];

The first two equations define the pre- and post-tax rates of return, c_rr_hhi(i,s,d)
and c_trr_hhi(i,s,d), respectively, for capital owned by region sin industry i located
in region d. They both follow the pattern derived in the preliminaries. The
coefficient RR_HHI is the net rate of return, while DEPRIND is the depreciation
rate, which is specific to an industry in a particular location. Pre- and post-tax rental
prices rps and psks are used for defining pre- and post-tax rates of return, but the
asset price of capital pcgds is the same in both cases and is specific to the host
region. Multiplication by one minus the property income tax rate — [1-TYPR_L(d)]
— ensures that the gross rate of return used in equation E_c _trr_hhi is post-tax.
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The third equation defines the ‘r ’ variable that is used in the asset supply decision.
It is in this equation that the choice between pre- and post-tax rates of return is
made. In current applications, setting the coefficient PRE_ TAX RR to 1 and
POST_TAX_RR to 0 uses pre-tax rates of return. This setting is preferred because
many economies, in the developed world at least, have primarily destination-based
tax systems. For example, if tax credits are granted for taxes paid overseas,
investors are ultimately taxed on al income at the owning region's tax rate.
Modelling investors as responding to pre-tax rates of return captures the effect of
such tax credits, even though these have not been represented explicitly in FTAP.

E c_rrd_h_i (al,i,TRAD_COMM)(al,s,home)
c_rrd_h_i(i,9)=[RRD_H_I(i,s)+DEPRIND(i,s)]*[rpd(i,s)-pcgds(s)];
E c trrd_h i (al,i,TRAD_COMM)(al,s,nome)
c_trrd_h_i(i,9)=
[1I-TYPR_L(9)]*[RRD_H_I(i,s)+DEPRIND(i,s)]*[pskd(i,s)-pcgds(s)];
E r_rrd_h_i (adl,i,TRAD_COMM)(@l,s,home)
r rrd _h i(i,9)=
-[POST_TAX_RR*c trrd _h i(i,s)+PRE_TAX_RR*c rrd h i(i,9)];

These three equations are similar to the previous three, but deal with rates of return
on domestically-owned capital.

E c rr_land (al,s,home)
c_rr_land(s)=RR_LAND(s)*[rm(s)-pnr(s)];
E c trr_land (al,s,home)
c_trr_land(s)=[1-TYPR_L(5)]*RR_LAND(s)*[psland(s)-pnr(s)];
E r_rr_land (al,s,home)
r_rr_land(s)=
-[POST_TAX_RR*c _trr_land(s)+PRE_TAX_RR*c _rr_land(s)];

These three equations are similar to the previous three, but deal with rates of return
on land. The post-tax rental price of land is defined by picking out the land
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component of the (GTAP) supply price variable ps in equation E_psland (chapter
9).

E c_rr_natres (all,s,home)
c_rr_natres(s)=RR_NATRES(s)*[nrp(s)-pnrr(s)];
E c_trr_natres (all,s,home)
c_trr_natres(s)=[1-TYPR_L(s)]*RR_NATRES(s)*[psnatres(s)-pnrr(s)];
E r_rr_natres (al,s,home)
r_rr_natres(s)=
-[POST_TAX_RR*c_trr_natres(s)+PRE_TAX_ RR*c rr_natres(s)];

These three equations are similar to the previous three, but deal with rates of return
on natural resources. The post-tax rental price of natural resources is defined by
picking out the natural resources component of the (GTAP) supply price variable ps
in equation E_psnatres (chapter 9).

E rbrpt (al,r,REG)
rbrpt(n=[1-TYPR_L(r)]*rbr(r)-RTBDR(r)* TYPR_L(r)*typr(r);
E r _rbr (al,s,home)
r_rbr(s)=-[POST_TAX_RR*rbrpt(s)+PRE_TAX_ RR*rbr(s)];

These equations define the post-tax rate of return on bonds, variable rbrpt, and the
‘r_’ variable associated with bonds, variable r_rbr. The post-tax rate of return is
defined in terms of the pre-tax rate of return (coefficient RTBDR, variable rbr) and
the property income tax rate (coefficient TYPR_L, variable typr), rather than in
terms of rental and asset prices. The derivation of the form of equation E_rbrpt is as
follows. Letting S be the post-tax rate of return, R the pre-tax rate of return, T the
tax rate and lower case |etters percentage changes:

100.AS =100A[1-T).R]
=(1-T).100AR- R100.AT
=(1-T)100AR-RT1
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E rhr (al,s,home)
[VK_H_ (9+VLAND(9+VNATRES()+VBR()]*ghr(s)=
[VK_H _ (5)+VLAND(s)+VNATRES(s)]* ger(s)+VBR(s)* gbr(s);
E rer (al,s,home)
VK_H_ (s)*k_h__(s)+VLAND(s)* mt(s)+VNATRES(s)* nru(s)=
[VK_H__ (9)+VLAND(s)+VNATRES(s)]* qer(s);
E crr_h_(al,s;home)
I{VK_H_ (s) neO,
sum(i, TRAD_COMM,VK_H_I(i,9*[k_h_i(i,s)-k_h__(9D}=
IF{VK_H__(9)=0,c_rr_h_(9)};
E crr hi(liTRAD_COMM)(al,s,home)
I{VK_H_I(i,s) neO,
VKD _H_I(i,9*kd_h i(i,9)+VKF_H_I(i,9*kf_h i(i,s)
VK_H_I(i,9*k_h i(i,9}=
IF{VK_H_I(i,9)=0,c_rr_h_i(i,9)};
E c rrf_h i (dl,i,TRAD_COMM)(all,s,home)
I{VKF_H_I(i,s) neO,
sum(d,host,VK_HHI(i,s,d)*[k_hhi(i,s,d)-kf_h_i(i,9)])} =
IF{VKF_H _I(i,5)=0,c_rrf_h_i(i,9)};

These equations define percentage point changes in rates of return associated with
nodes of the CET asset supply nest that are aggregates of assets at lower levels. The
names of the rate of return variables are embedded in the equation names. For
example, equation E_rhr defines variable rhr. Equation E rhr is associated with
private wealth, E_rer with equity, E c rr_h__ with capital owned by a region,
E c_rr_h i with capital owned by aregion in a particular industry, and E_c_rrf_h i
with capital owned by a region in a particular industry located overseas. The
method of implicit definition via aggregation of quantities, discussed in the
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preliminaries, is used in each equation. The coefficients defining the shares of each
asset in the aggregates (all the coefficients beginning with ‘V') are neither capital
rentals nor asset values, but are defined and updated according to the distinctive
features of the asset supply specification. These coefficients shall be called *Petri
asset values', and are discussed at length in appendix C.

Note the use of conditionals to set rates of return to zero for null nodes.

4.4  Rental prices of capital

Preliminaries
There are three types of rental prices of capital in FTAP.

First is the pre-tax, impediment-inclusive rental price. This is the price that an
incumbent firm must pay to use an unit of capital. In the definition of this rental
price, impediments are represented as taxes on capital, though the revenue is
diverted from government to private agents (chapter 8). Tax terms of various
dimensions are included, to provide flexibility to the model user wishing to alter
impediments through a simulation.

Second is the pre-tax, impediment-exclusive rental price. In the current applications
of the model, thisis the rental price that enters the capital supply decision via pre-
tax rates of return. Impediments do not enter the decision to allocate capital to an
industry, since investors are constrained, by barriers to investment, to supply
according to pre-tax, impediment-exclusive rates of return.

Third is the post-tax, impediment-exclusive rental price. This is the return per unit
of capital received by new entrants to the industry. It is equal to the pre-tax,
impediment-exclusive rental price taxed at the property income tax rate (coefficient
TYPR_L, variable typr) of the host region.

The equations

E_pskd (all,i,TRAD_COMM)(al,r,REG)
rpd(i,r)=pskd(i,r)+sum(k, ENDWC _COMM to(k,r));

E psks(al,i,TRAD_COMM)(all,s,nome)(all,d,host)

rps(i,s,d)=psks(i,s,d)+sum(k, ENDWC_COMM ,to(k,d));
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These equations link pre-tax, impediment-exclusive rental prices rpd and rps of
domestic and foreign capital, respectively, to post-tax, impediment-exclusive prices
pskd and psks. The sums on the right hand sides pick out the capital component
(since the one element set ENDWC_ COMM={ capital}) of the (GTAP) variable to,
which is the percentage change in the power of the output tax on primary factors,
commodities or investment.

E _pfeda(al,i, TRAD_COMM)(all,r,REG)
pfeda(i,r)=tfda(i,r)+toad(r)+toa(r)+rpd(i,r)+
sum(k,ENDWC_COMM tf(k,i,));

E pfesa(al,i,TRAD_COMM)(al,s,home)(all,d,host)

pfesa(i,s,d)=tfsa(i s,d)+toas(s,d)-+tfia(i,d)+toai (d)+toa(d)+rps(i,s,d)+
sum(k, ENDWC_COMM tf(ki,d));

These equations link pre-tax, impediment-inclusive rental prices pfeda and pfesa of
domestic and foreign capital, respectively, to pre-tax, impediment-exclusive prices
rpd and rps. The sums on the right hand sides pick out the capital component of the
(GTAP) variable tf, which is the percentage change in the power of the tax on
primary factor inputs to industries. All other variables beginning with ‘t’ represent
the powers of the ad-valorem tax equivalents of impediments on capital. They are
intended to cover the full range of dimension combinations so as to provide
flexibility to the model user.

E pfeia(al,i, TRAD_COMM)(al,d,host)
sum(s,home,

EVIFAS(i,s,d)*[(pfesa(i,sd)+qfes(i,s,d))-(pfeia(i d)+qfei(i,d))])=
IF[EVIFA(i,d)=0,pfeia(i,d)-pfactwld];

This equation is merely definitional, providing an index of the pre-tax, impediment-
inclusive rental price of foreign capital by industry and host region. The coefficient
EVIFAS(i,s,d) is the value of pre-tax, impediment-inclusive rentals to capital in
industry i, owned by home region s and operating in host region d. The coefficient
EVIFA(,d) is the total of EVIFAS(i,s,d) across all home regions s. The variable
gfes(i,s,d) is the percentage change in the quantity of capital from region s
demanded by industry i operating in host region d. The variable gfei(i,d) is the total
guantity of foreign capital demanded by industry i in host region d. It is a share-
weighted index of gfes, the shares being calculated from EVIFAS. gfel isdefined in
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the section on the demand for capital. By using these coefficients and variables,
pfeia can be defined by equating the total pre-tax, impediment-inclusive foreign
capital rentals by industry with the sum of these rentals across different foreign
owners. Where there is no foreign ownership in an industry (EVIFA(i,d)=0), pfeia
IS set equal to the numeraire.

E f_pfek (al,i, TRAD_COMM)(al,r,REG)
EVDFA(i,r)* (pfeda(i,r)+gfed(i,r)+EVIFA(i,r)* (pfeiai r)+afei(i,r)-
sum[k, ENDWC_COMM EVFA(K,i,/)* (pfe(k,i,r+afe(k,i,n)]=
|F{ sum[k,ENDWC_COMM ,EVFA(K,i,)]=0,f_pfek(i,f};

Due to the introduction of imperfectly transformable capital, the component of the
(GTAP) equation MPFACTPRICE defining the user price (pre-tax, impediment-
inclusive in FTAP-speak) of capital pfe(“capital”,j,r) in industry j in region r must
be nullified by adding a slack variable f_pfek(j,r) to it. Thisis because in GTAP, al
primary factors covered by equation MPFACTPRICE are assumed to be perfectly
mobile among industries. The variable pfe for capital is then defined as an index of
the pre-tax, impediment-inclusive rental price of foreign and domestic capital by
industry and host region.

4.5 Asset prices

Preliminaries

The introduction of imperfect transformation in asset supply spawns new quantity
variables for assets, for example, the quantity of capital owned by a region (as
distinct from that residing in a region), the quantity of private bonds, and the
guantity of equity (section 4.2). These new quantity variables can be used with the
corresponding values of the assets to define, or redefine, the corresponding asset
prices.

The equations
E pk_h__ (al,s,home)
{sum(d,dest,sum(i, TRAD_COMM,VFDI_HHI(i,s,d)))+

sum(i, TRAD_COMM, VKD(i,s))}*
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[pk_h__(g)+k_h__(s)]=

sum(d,dest,sum(i,TRAD_COMM,
VFEDI_HHI(i,s,d)*[pcgds(d)+k_hhi(i,s,d)]))+

sum(i, TRAD_COMM,VKD(i,s)*[pcgds(s)+kd_h _i(i,9)]);

This equation defines the asset price of capital owned by region s, pk_h_ (s). The
definition equates the asset value of capital owned by region s with the sum of the
asset values of capital across all industries, domestic and foreign, owned by region
S. The coefficients VKD and VFDI_HHI are the asset values of capital in domestic
and foreign industries, respectively. The variables with names beginning with ‘k’
are supply quantities of capital determined by the asset supply equations in section
4.2. The asset price of capital is uniform across industries in aregion d and is equal
to the (GTAP) price of capital creation pcgds(d).

E pbr #Bond pricet# (all,s,REG)
pbr(s)=pb;

E_pb #World bond price# I Deleted in FTAP version 2, Appendix J !
O=sum{ s,REG,ASHHBDR(s)*[pbr(s)+qgbr(s)]-
[Y CHHDPR(s)* gyhbr(s)+ASHHBDR(s)* yhdr(s)]};

The first equation ensures that the asset price of bonds for region s, pbr(s), is the
same for all regions s, since bonds are globally uniform (section 4.1). The second
eguation determines the global price of bonds by equating the world asset value of
private bonds expressed in terms of FTAP variable pbr and gbr with the world asset
value of private bonds expressed in terms of GTAPICM variables gyhbr and yhdr.
The variable pbr replaces the variable ipc (which is used as the asset price of bonds
in GTAPICM) in equations HHOLD_ASST PRINDX, GOVT WEALTH_ACCN,
CONT_EV_PRICER and CONT_EV_BONDR.

SAVEPRICE (al,r,REG)
SAVE(r)*psave(r)=NETINV (r)* pcgds(r)+[ SAVE(r)-NETINV ()] * pbr(r)+
SAVE(r)* psaveslack(r) ;

The GTAP equation savepriCE, which defines the price of savings (variable psave),
is atered. The price of savings is redefined to be a share-weighted combination of
the price of capital creation (variable pcgds) and the price of bonds. The price of
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bonds enters with a positive (negative) sign if net saving (coefficient SAVE) is
greater (less) than net investment (coefficient NETINV). Note that under the new
definition of psave, the prices of savings and investment cancel out in the welfare
decomposition term CNTpricer (chapter 3), which becomes equal to the terms of
trade effect, CNTtotr, plus asset price effects.6 This is due to the identity S-1=X-
M+FY.

E _iper (al,r,REG)

iper(r)=aer(r)-qer(r);

The asset price of equity owned by region r, iper(r), is defined as the ratio of the
value of equity, aer(r), to the quantity of equity, ger(r), determined by the asset
supply equation E_ger. Equation E_iper replaces the GTAPICM equation
EQY_PRICE_INDX that defines the price index for equity as a share-weighted sum of
the constituent price variables — the asset prices of capital, land and natural
resources.

4.6 Market clearing for capital

Preliminaries

The pretax, impediment-exclusive rental prices of capital, rpd and rps, are
determined by market clearing conditions in the markets for each type of capital
(that is, the markets for capital for each domestically-owned industry, and the
markets for capital for each foreign-owned industry). As capital is no longer
uniform within an industry, the industry and region specific price of capital, rp, is
determined not by perfect arbitrage between industry rates of return, but as a share-
weighted index of constituent rental prices rpd and rps.

The equations
E rps#Supply equals demand for capital by host, home and industry#
@@al,i,TRAD_COMM)(al,s,nome)(all,d,host) k_hhi(i,s,d)=gfes(i,s,d);

E rpd #Supply equals demand for domestic capital by industry#

6 In the definition of CNThpricer in the TABLO code, the asset price effect from FDI, variable
CNTpcapr from section 4.8, is also added to CNTpricer.
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(al,i, TRAD_COMM)(all,s,nome) kd_h_i(i,s)=gfed(i,s);

Variables k_hhi and kd _h i (gfes and gfed) are the quantities of capital supplied to
(demanded by) foreign-owned and domestic industries, respectively.

E rp (all,i, TRAD_COMM)(al,r,REG)
IF{ CAP(i,r) neO,
CAP(i,n)* (rp(i.r)+afek(i.r))-
[EVDEM(i,r)* (rpd(i.r)+qfed(i.r)+
sum(s,home,EVIFM S(i,s,n)* (rps(i,s,r)+afes(i,s,n))]} =
IF{ CAP(i,n)=0,rp(i,r)-pfactwld};

The capital rental price rp is defined by equating, in linearised form, CAP with the
sum of EVDFM and EVIFMS summed across owners for each industry and host
region, where the coefficients EVIFMS, EVDFM and CAP are the pre-tax,
impediment-exclusive rentals to capital in, respectively, foreign-owned industries,
domestically-owned industries and industries regardless of ownership. Equation
E rp replaces the GTAPICM equation ABNL_RETN_CAPL, which defines rp via
perfect arbitrage in industry rates of return (in the long run).

4.7 FDIlincome accounting

Preliminaries

The net foreign income from FDI is the difference of the sum of all income inflows
resulting from investment abroad and the sum of all income outflows resulting from
repatriation of income by foreign investors. Each individual income flow is
expressed as the product of the asset price, quantity and rate of return of the capital
producing the income (as described in appendix B). Post-tax, impediment-
exclusive, net rates of return are used, since it is assumed that FDI income is taxed
in the host region. Impediment rents are excluded from the rates of return used here,
and dealt with separately (chapter 8). This allows the impacts of the different
sources of foreign income to be separately identified (see table B.1 in appendix B).

Net foreign income must be added to some of the income accounting equations
introduced in GTAPICM. As these equations will undergo further modification later
(chapter 8), their intermediate form is not listed here. They are just noted below.
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The equations

E_yfdi_hhi (al,i,TRAD_COMM)(dl,s,REG)(all,d,REG)
100* yfdi_hhi(i,s,d)=
VFDI_HHI(i,s,d)*c_trr_hhi(i,s,d) +
VINC_HHI(i,s,d)*[pcgds(d)+k_hhi(i,s,d)];

The variable yfdi_hhi(i,s,d) is the change in income from capital in industry i in
region d owned by region s. The first two terms on the right hand side are (100
times) the contribution to income of changes in the post-tax rate of return. The third
term is (100 times) the sum of the asset price contribution (equals the income
VINC _HHI(i,s,d) times the percentage change in the asset price pcgds(d)/100) and
the contribution of changes in the size of the capital stock (equals the income
VINC _HHI(i,s,d) times the percentage change in the size of the capital stock
k_hhi(i,s,d)/100).

E yfdi_h_(al,r,REG)
yfdi_h_ (r)=
sum(i,TRAD_COMM ,sum(d,dest,yfdi_hhi(i,r,d)))-
sum(i,TRAD_COMM ,sum(s,home,yfdi_hhi(i,sr)));

The change in net foreign income from FDI for region r, yfdi_h__(r), is the sum of
changes in inflows (components of yfdi_hhi where region r is the home region),
minus the sum of changes in outflows (components of yfdi _hhi where regionr isthe
host region).

Net foreign income from FDI must be added to GTAPICM equations NATL_INCOME
and PROPY_INCOME for correct international income accounting. Since taxation of
FDI income occurs in the host region, to avoid double taxation and correctly
account for home region property income tax revenue, a variable yhprtax,
percentage change in property income to be taxed, is defined. The equation defining
this is E_yhprtax. The final form of equations NATL_INCOME, PROPY_INCOME and
E_yhprtax will be listed in section 8.6, after all international income flows are
implemented. Variable yhprtax replaces variable yhpr in the (GTAPICM) equation
TAX_PROPY_INCOME defining property income tax revenue.

The definition of the value of depreciation is changed from GTAPICM to FTAP to
accommodate industry-specific depreciation rates. The GTAPICM equation

FTAPASSET SUPPLY 73



DEP_CAPITAL that defines the percentage change in the value of depreciation —
variable depr — is changed to link the percentage change with the corresponding
absolute change, thus:

DEP_CAPITAL # depreciation of capital stock, by region #(all,r,REG)
VDEP(r)*depr(r)=100*c_VDEP(r);

The change in the value of depreciation is then defined as the sum of changesin the
values of depreciation on domestic and foreign-owned capital, thus:

E c VDEP (al,d,REG)
c_VDEP(d)=sum(i, TRAD_COMM,DEPRIND(i,d)*
[c VKD(i,d)+sum(s,home,c_ VFDI_HHI(i,s,d))]);

The change in the value of depreciation in each industry is the industry depreciation
rate times the change in the asset values of capital — variables ¢ VKD and
c_VFDI_HHI for domestic and foreign-owned industries, respectively. Note that
there are no terms corresponding to changes in depreciation rates (coefficient
DEPRIND), which are assumed constant for each industry. However, the
depreciation rate for aregion may vary due to compositional changes in the share of
each industry in the capital stock residing in the region. The percentage change in
the regional depreciation rate — variable deprate — is defined thus:

E_deprate (al,r,REG)

depr (r)=deprate(r)+pcgds(r)+kb(r);

4.8 Contributions of FDI income flows to welfare

Preliminaries

The separation of FDI income flows into rate of return, asset price and capital stock
change effects is pardleled in this section in the equations defining the
corresponding welfare decomposition terms, again in line with the approach
outlined in appendix B.
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The equations

CONT_EV_ror_hhi (al,i, TRAD_COMM)(all,s,HOME)(all,d,host)
CNTror_hhi(i,s,d)=[.OL/INCRATIO(s)]*VFDI_HHI(i,s,d)*c_trr_hhi(i,s,d);

CONT_EV_cap_hhi (all,i, TRAD_COMM)(all,s,HOME)(all,d,host)
CNTcap_hhi(i,s,d)=[.O/INCRATIO(9)]* VINC_HHI(i,s,d)*k_hhi(i,s,d);

CONT_EV_pcap_hhi (al,i, TRAD_COMM)(al,s HOME)(all,d,host)
CNTpcap_hhi(i,s,d)=[.0L/INCRATIO(s)]*VINC_HHI(i,s,d)* pcgds(d);

These equations define, respectively, the contribution to welfare in region s from
rate of return changes, capital stock changes and asset price changes in that part of
industry i in region d owned by region s. The right hand sides of the equation are
the corresponding contributions to the FDI income flow yfdi_hhi(i,s,d) multiplied
by the GTAP coefficient [.0/INCRATIO(S)] to convert them to welfare
contributions for region s.

CONT_EV ror_hh_(al,s,HOME)(all,d,host)
CNTror_hh_(s,d)=sum{i,TRAD_COMM,CNTror_hhi(i,s,d)};
CONT_EV ror__h (al,d,host)
CNTror__h (d)=
-sum{ SHOME,INCRATIO(S)/INCRATIO(d)* CNTror_hh (s,d)};
CONT_EV ror_h__ (al,sHOME)
CNTror_h_(s)=sum{d,dest,CNTror_hh (s,d)};
CONT_EV ror (al,s,REG)
CNTror(s)=CNTror_h__(s)+CNTror__h (s);

This sequence of equations generates a total contribution to welfare from rates of
return for region s. First, host specific contributions CNTror_hh_(s,d) are generated
by summing CNTror_hhi(i,s,d) over industries. Second, a total contribution to host
regiond, CNTror__h (d), isgenerated by summing CNTror_hh _(s,d) over all home
regions s, after scaling by INCRATIO(s)/INCRATIO(d) to ensure the contribution
isrelative to region d. Third, atotal contribution to home region s, CNTror_h__ (s),
is generated by summing CNTror_hh (s,d) over al host regions d. Finally, a total
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contribution to region s, CNTror(s), is generated by summing contributions to
region s as home and as host.

CONT_EV_capr (al,s,REG)

CNTcapr(s=CNTcap_h_ (s)+CNTcap__h (9);
CONT_EV_pcapr (all,s,REG)

CNTpcapr(s)=CNTpcap_h_ (s)+CNTpcap__h (9);

Total contributions to welfare from capital stock changes and asset prices for region
s are built up in the same way as the rate of return contributions. The paralel
eguation sequences are identical, but with ‘ror’ replaced by ‘cap’ and ‘pcap’ in all
the names.

E_check_EV_FDI (al,s,HOME)
check EV_FDI(s)=yfdi_h_(s)-INCRATIO(s)*
{CNTror_h_(s)+CNTror__h (s)+
CNTcap_h_ (9)+CNTcap__h (9)+
CNTpcap_h__(s)+CNTpcap__h (s)};

This equation checks that the welfare contributions from FDI, scaled by
INCRATIO, sum to net FDI income yfdi_h . The units of the checking variable
check EV_FDI are millions of US dollars.

Contribution terms for all three types of effects — rate of return, capital stock and
asset price — ranging over (home, industry) and (host, industry) are also defined by
summation (with scaling for host-oriented measures), for example:

CONT_EV _ror__hi (al,i,TRAD_COMM)(all,d,host)
CNTror__hi(i,d)=

-sum{ S HOME,INCRATIO(S)/INCRATIO(d)* CNTror_hhi(i,s,d)};
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5 Supply side of FDI differentiated
products

This chapter discusses the replacement of single (standard GTAP) industries with

many industries based on ownership of capital — domestically-owned, or foreign-
owned by home region. The input demand functions for the new industries are
identical to the standard GTAP specificatlbomnd the initial cost structures are
identical to the associated GTAP industry (as described in Hanslow, Phamduc,
Verikios and Welsh 1999). In a sense, the model extensions described here amount
to just adding an extra dimension — home (owner) region — to all items in the
standard GTAP industry demand equations.

Although the model features described in this chapter are very simple, their TABLO
implementation — driven by concerns for computational efficiency — is among the
most difficult parts of the FTAP model implementation. Consequently, this chapter,
more than any other chapter, is largely about the computer implementation of
FTAP, rather than primarily being a description of the conceptual model being
implemented.

It is hoped that the description of the standard GTAP industry demand equations,
presented in chapter 2 and appendix A, and the verbal discussion in this chapter,
will provide a good picture of the model attributes for those who do not wish to
pursue the implementation details.

The potential increase in computational burden caused by distinguishing domestic
and foreign-owned industries can be seen from the following: if all such industries
are represented in the model, the number of industries increases (relative to standard
GTAP) by a factor equal to the number of regions plus 1 (20 in the case of FTAP).

But representing all possible domestic and foreign-owned industries in the model is
wasteful. In the FTAP database there is no FDI for many industry, home and host
combinations, and no FDI at all for some industries in particular regions. Hence, the

1 Intermediate inputs and the primary factor bundle are used in fixed proportions. There is CES
substitution between the domestic and imported varieties of each intermediate input. There is
CES substitution within the primary factor bundle.
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representation of all industries amounts to specifying many sets of input demand
equations for which it is known that demands are zero!2

The incorporation of only those industries for which FDI is non-zero is
accomplished through the use of GEMPACK set mappings. These allow each
element of one set to be associated with one element of another set. Set mappings

are used to associate the elements of the set of all domestic and foreign-owned
industries in the world — a set called ‘IND’ in the FTAP TABLO code — with
industry, host region and home region combinations.

This is best illustrated with an example.

Consider the case of two commodities (TRAD_COMM={C1,C2}) and two regions
(REG={R1,R2}). Table 5.1 illustrates the set mappings used in FTAP.

In the first column of the table all possible domestic and foreign-owned industries
are listed (12 in total; home region is listed first, D means domestically-owned).

The entries in the second column are ‘yes’ or ‘no’ indicating whether the industry
has a non-zero output.

The elements of the set IND associated with the industries in column one are listed
in column three. Note that as commodity C1 in region R1 is produced entirely by
domestically-owned firms (zero output for C1.R1.R1 and C1.R2.R1), industry
C1.R1.D is not allocated an element in the set IND even though it has non-zero
output.

The next three columns are the set mappings used in FTAP. The first mapping maps
IND to TRAD_COMM (the commodity being produced, what would be cdted
industry prior to the domestic/foreign split), the second maps IND to the associated
home region in REG, and the third maps IND to the associated host region id REG.

The final column is an array of zeroes and ones that identifies whether an industry is
domestically-owned or foreign-owned (1 for foreign, O for domestic). This array is
necessary since for composite regions (like the European Union, the Rest of Cairns
Group and the Rest of World) intra-regional FDI is possible. For example, a French-
owned firm operating in Germany is a foreign-owned industry with the European
Union as both the host and home region. In the small example in table 5.1, region

2 Industries cannot come into existence, due to the functional form used in the asset supply
functions (chapter 4 ).

3 |n the FTAP database a vector of integers defines a set mapping. The integers are the position in
the target set of the element corresponding to the specified lement of the input set. So the set
mapping IND2COMM would be stored as the vector (2,1,2,2,1,2,1,2).
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R2 is a composite region. Consequently the three set mappings produce identical
results for 12 (corresponding to C1.R2.D) and 17 (corresponding to C1.R2.R2), but
these two industries are distinguished by NOT_DOM being equal to 0 and 1,
respectively.

As the input demand equations for all industries spawned by the domestic/foreign
split are indexed over set IND (rather than over sets TRAD_COMM, HOME and
HOST), they appear more like the equations from a single region model.
Consequently, a portion of the code from the TABLO implementation of a single
region model has been used as the basis for implementing these equations.

Table 5.1 GEMPACK set mappings for domestic and foreign-owned

industries
Industry Non-zter(i IND | IND2COMM | HOME_REG | DEST_REG | NOT_DOM
outpu
P TRAD_éI\(l)DIVI; IND 2 REG IND 2 REG

CLR1LD |Yes
C2RLD | Yes 11 C2 R1 R1 0
CLR2D | Yes 12 C1 R2 R2 0
c2r2D | Yes 13 C2 R2 R2 0
cLRLR1 | No
c2rR1LR1 | No
cLrR2R1 | No
C2R2R1 | Yes 14 | C2 R2 R1 1
CLR1LR2 | Yes 15 Cl R1 R2 1
C2RLR2 | Yes 16 C2 R1 R2 1
CLR2R2 | Yes |7 C1 R2 R2 1
C2R2R2 | Yes 18 C2 R2 R2 1
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The single region model used (adapted where necessary) was CRUSOE,4 an
ORANI-style model> that can operate with the data for a single region available

from the GTAP database. The input data for all domestic and foreign-owned
industries — domestic and imported intermediate inputs, commodity taxes, primary
factor inputs and output taxes — are stored in the single-region 10-table format
required by CRUSOE, as described in Hanslow, Phamduc, Verikios and Welsh
(1999). The industry input equations from CRUSOE, as adapted for FTAP, are
discussed in section 5.1.

The GEMPACK set mappings are crucial for integrating the CRUSOE-based and
GTAP (or GTAP-styl6) portions of FTAP. The integration occurs in three ways —
two of which are critical to model operation, the third of which is not essential but
convenient.

The first requirement is a one-to-one correspondence between the components of a
CRUSOE variable and GTAP-style variables as a mechanism for passing CRUSOE
variables into behavioural equations written in GTAP-style, or vice versa. An
example of the former is equating CRUSOE industry output x1tot with GTAP-style
variables qod and goh defining the quantities of FDI differentiated commodities
from which demand is satisfied (chapter 6). An example of the latter is the equating
of basic prices in CRUSOE (variable p0) with GTAP market prices of domestic and
imported goods (variables pds and pid, respectively). Equations performing this
critical one-to-one correspondence function are described in section 5.2.

The second requirement is the equating of a GTAP variable (for example,
domestically produced intermediate inputs gfd) with an aggregate over components
of CRUSOE variables (the domestic components of x1 in this case). Even when
they are just aggregates of CRUSOE variables, the standard GTAP industry
variables have an importance in FTAP beyond their direct value as useful summary
information. They play a role in the welfare decomposition for FTAP, which is
largely expressed in terms of GTAP variables (being based on the GTAP welfare
decomposition). Also, they can serve useful checking functions. For example, the
GTAP output tax (variable to) is determined by aggregation across CRUSOE
variables (equation E_to FDI, section 5.3) and is used, via variable grsubl, as a
check on the calculation of output tax revenue (in variable check grsub — see
chapter 9). The value of such checking processes during model development cannot

4 The CRUSOE mode is available with documentation at
http://www.monash.edu.au/policy/crusoe.htm.
S The ORANI mode! is described in Dixon et d. (1982).

6 This means conventional multi-region variables and equations, dimensioned over sets such as
TRAD_COMM and REG.
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be over-emphasised. Equations performing this aggregation function are described
in section 5.3.

The third way in which integration occurs is identical to the first except that the

only role of the GTAP-style variables is for convenient reporting of results. As can

be imagined, it is very difficult interpreting model output for variables indexed
across the set IND. Such variables need to be reshaped to commodity and region
dimensions to facilitate easy viewing. Equations defining such ‘convenience’
variables are described in section 5.4.

5.1 CRUSOE input demand equations for all domestic
and foreign-owned industries

Preliminaries

Three adjustments must be made to the industry demand equations from CRUSOE
to accommodate the FTAP set of industry inputs.

First, FTAP distinguishes skilled and unskilled labour, whereas CRUSOE does not.
Therefore, demand equations for labour by skill level must be added, and the
industry specific price of labour defined.

Second, FTAP has a primary factor called natural resources which is absent from
CRUSOE. Therefore, a demand equation for natural resources (equation E_p1nr) is
added.

Third, the CRUSOE specification of each industry’s ‘other costs’ — a typical
feature of ORANI-type models — has been replaced by the FTAP treatment of
other costs as an output tax (or impediment). Precisely, variables ploct and xloct —
the price and quantity of other costs, respectively — have been dropped, and a new
variable p_rloct — the percentage change in the ratio of total industry costs to
industry costs less other costs — has been introduced. Plainly, p_rloct is the
percentage change in the power of the output tax. CRUSOE equations and updates
have been rewritten in terms of p_rloct. The evolution of other costs throughout the
policy simulation is re-expressed as a function of p_rloct in the FTAP update
statement:
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(Change)(all,i,IND)
V10CT (i)={ V1OCT (i)* [ pltot(i)+xLtot(i)] +
[V1TOT(i)-V1OCT(i)]* p_rloct(i)} /100;

where V1OCT(i) is the output tax revenue or output impediment rent associated
with industry i.

As the industry input demand functions of CRUSOE are identical to standard
GTAP, it may be helpful to list corresponding variables and equations from each
equation set. Corresponding variables are shown in table 5.2, and equations are
shownintable 5.3.

Note that table 5.2 is not saying that the associated variables are equal in FTAP. It is

saying that they perform identical functions in the CRUSOE (used in FTAP) and
standard GTAP (overridden in FTAP as required — see section 5.3) industry input
demand equations.

It is clear that sometimes one CRUSOE variable plays the role of more than one
GTAP variable (for example, x1 for qfd and qfm) and vice versa. Therefore,
sometimes one CRUSOE equation will correspond to more than one GTAP
equation and vice versa. This will be clear from table 5.3.

The values of the substitution elasticities used in the CRUSOE demand equations
are equal to the values used in the corresponding GTAP equations, thus:

(all,i,IND) SIGMA1PRIM(i)=ESUBVA(IND2COMM(i))
for primary factor substitution and

(all,c,COM) SIGMA1(c)=ESUBD(c)
for domestic/import substitution.

CRUSOE does not include as many technical efficiency variables as GTAP — only
total primary factor augmenting (variable alprim, corresponding to GTAP variable

ava) and output augmenting (variable altot, corresponding to GTAP variable ao).
There are no input specific technical efficiency variables, but these could be easily
added if required.
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Table 5.2

GTAP industry demand equations

Variables with identical functions in CRUSOE and standard

Description CRUSOE variable GTAP variable
Industry output x1ltot go
Market (output tax inclusive) price of output pltot pm
Agents’ (output tax exclusive) price of output pltot_eo ps
Demand for intermediate inputs x1 s gf
Purchasers’ price of intermediate inputs pl s pf
Demand for domestically produced x1(=,"dom",e) gfd
intermediate inputs

Purchasers’ price of domestically produced pl(e,"dom”,) pfd
intermediate inputs

Demand for imported intermediate inputs x1(e,"imp”,*) gfm
Purchasers’ price of imported intermediate pl(e,"imp”,*) pfm
inputs

Demand for primary factor bundle x1prim gva
Price of primary factor bundle plprim pva

Demand for skilled labour
Demand for unskilled labour
Demand for capital

Demand for land

Demand for natural resources
Price to industry of skilled labour

Price to industry of unskilled labour

Price to industry of capital
Price to industry of land

Price to industry of natural resources

xllab_s(e,"SkLab")
xllab_s(¢,"UnSkLab”)
x1lcap

x1Ind

x1nr
pllab_s(,"SkLab")
pllab_s(e,"UnSkLab")
plcap

plind

plnr

gfe(“SkLab”,e e
gfe(“UnSkLab”,e
gfe(“capital”,s
gfe(“land”,e,*
gfe(“NatRes",s
pfe(“SkLab”,s
pfe(“UnSkLab”,
pfe(“capital”,s
pfe(“land”,

)
)
)
)
)
)
)
)
)
pfe(“NatRes”,s )

Table 5.3 Equations with identical functions in CRUSOE and standard
GTAP industry demand equations

Description CRUSOE equation(s) GTAP equation(s)

Demand for intermediate inputs E x1 s INTDEMAND

Demand for intermediate inputs E_x1 INDDOM, INDIMP

by source

Price of intermediate inputs E pl s ICOMPRICE

Price of intermediate inputs by E_pl DMNDDPRICE,

source DMNDIPRICES

Demand for primary factor E_x1prim VADEMAND

bundle

Demand for individual primary E_xllab_s + E_xllab, ENDWDEMAND

factors E_plcap, E_plind, E_plnr

Price of primary factor bundle E_plprim VAPRICE
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The equations

Equation E_pltot #Zero pure profitsin production # (all,i,IND)
(TINY+VLTOT(i))*{ p1tot(i)+x1tot(i)-f_pltot(i)}=
Sum(c,COM,V1PUR_S(c,i)*{pl s(c,i)+x1 s(c,i)})
+V1PRIM(i)*{ plprim(i)+x1prim(i)} +
{V1OCT(i)*[pltot(i)+x1tot()]+[VITOT(i)-V1OCT(i)]*p_rloct(i)};

Equation E_pltot_eo #Other costs exclusive price of output# (al,i,IND)
(TINY+V1TOT_EO(i))*{ pltot_eo(i)+x1tot(i)} =
VITOT(i)*{ pltot(i)+x1tot(i)} -
{V1OCT(i)*[pltot(i)+x1tot()]+[VITOT(i)-V1OCT(i)]*p_rloct(i)};

These equations define what would, in GTAP terminology, be called market and
agents’ prices of output, respectively. The first equation is the zero pure profit
condition for each domestic and foreign-owned industry. It is the linearisation of the
relationship that equates the market (output tax inclusive) value of industry output
with the total of industry costs — the cost of intermediate inputs (coefficient
V1PUR_YS), the cost of primary factors (coefficient VIPRIM) and output taxes
(CRUSOE ‘other costs’, coefficient V1OCT). It includes a slack variable f_pltot
(similar to the slack variable profitslack in the standard GTAP zero pure profit
condition) that allows the equation to be turned off by a closure change if required.
The second equation defines the agents’ (producers’) value of output as the
difference of the market value and other costs, that is, output tax revenue.

Equation E_x1_s #Demands for Commodity Composites # (all,c,COM)(all,i,IND)
x1 _s(c,i)-altot(i)=x1tot(i);

Equation E_x1prim #Demands for primary factor composite # (all,i,IND)
x1prim(i)-alprim(i)-altot(i)=x1tot(i);

Equation E_pl_s #Effective Price of Commodity Composite #

(all,c,COM)(all,i,IND)

pl_s(c,i)=Sum(s,SRC,S1(c,s,)*{pl(c,s,)});
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Equation E_plprim #Effective price term for factor demand equations #(all,i,IND)
(TINY+V1PRIM(i))*plprim(i)=
VILAB(i)*{pllab(i)} +V1CAP(i)*{ plcap(i)} +VILND(i)*{ plind(i)} +
VINR(@)*{plnr(i)};

The first two equations specify a Leontief demand function for intermediate inputs
(variable x1 s) and total primary factors (variable x1prim), respectively. The
technical efficiency variables alprim and altot govern per unit input requirements.
Note the (ORANI) convention that positive shocks to the technical efficiency
variables correspond to declinesin efficiency.

The third and fourth equations calculate the prices associated with the quantities
determined in the first two equations — the prices of intermediate inputs (variable
pl_s) and the price of the primary factor bundle (variable plprim), respectively.
The prices are share-weighted sums of the prices of constituents — the prices of the
domestic and imported varieties of a commodity (variable pl) and individual
primary factor prices, respectively.

Equation E_x1 #Source - Specific Commodity Demands #

(all,c,COM)(all,s,SRC)(all,i,IND)
x1(c,s,i)=x1_s(c,i)-SIGMA1(c)*{pl(c,s,)-pl_s(c,)};

Equation E_p1 #purchasers prices - producers # (all,c,COM)(all,s,SRC)(all,i,IND)
pl(c,s,i)=p0(c,s,i)+tl(c,s,i);

The first equation is the CES demand function for the domestic and imported
varieties of each commodity. The second equation defines the purchasers’ price of a
commodity as the basic price plus the commodity tax.

Equation E_x1lab #Industry demands for effective labour #

(all,i,IND) x1lab(i) =
x1prim(i)-SIGMA1PRIM(i)*{pllab(i)-p1lprim(i)};

Equation E_plcap #Industry demands for capital # (all,i,IND)
x1cap(i)=x1prim(i)-SIGMA1PRIM(i)*{plcap(i)-plprim(i)};

Equation E_plind #Industry demands for land # (all,i,IND)
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x1Ind(i)=x1prim(i)-SIGMA1PRIM (i)*{ p1Ind(i)-plprim(i)} ;
Equation E_plnr #lndustry demands for natural resources# (all,i,IND)
x1nr(i)=x1prim(i)-SIGMA1PRIM (i)*{ p1nr(i)-plprim(i)};

These equations are the CES demand equations for labour, capital, land and natural
resources, respectively. The first three equations are in the original CRUSOE
model, the last equation is an addition for FTAP. The last three equations are named
after prices rather than quantities. This is done because in the standard closure for
the CRUSOE model, capital and land (and presumably natural resources if they
were present) are fixed in each industry, so the demand equations serve to
determine the corresponding prices.

Equation E_x1lab_s#Industry demands for skilled and unskilled labour#
(al,i,IND)(al,l,LABOR)
x1lab_s(i,l)=x1lab(i)-SIGMA1PRIM(i)*{ pllab_s(i,|)-pllab(i)};
Equation E_pllab #lndustry specific wage# (all,i,IND)
{TINY+V1LAB(i)}*pllab(i)=sum[l,LABOR,V1LAB_S(i,l)*pllab_s(i,];

These two equations are added in FTAP to the standard CRUSOE equations to
accommodate the demand for labour by skill level. The first equation determines the
demand for labour by skill level (variable x1lab_s), while the second equation
defines the industry specific price of labour (variable pllab) as a composite of skill
level specific prices (variable pllab_s). Total labour (variable x1lab) is defined as a
CES composite of the two skill levels. However, since the substitution elasticity
between skill levels is the same as between all other primary factors, the choice
between all primary factors is CES — as in standard GTAP.

5.2 Integration of CRUSOE and GTAP code — one-to-
one correspondence equations

Preliminaries

The equations in this section equate components of CRUSOE variables with
components of GTAP-style variables using the GEMPACK set mappings
IND2COMM, HOME_REG and DEST_REG.
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While this is an accurate description of the function of the equations, their
appearance will differ depending on how they have been expressed. The equations
take one of two forms, which can be stylised as

(al,i,IND)
crusoe var(i)=
IF[(NOT_DOM(i)=1) or (HOME_REG(i) ne DEST_REG(i)),
foreign_gtap_var(IND2COMM(i),HOME_REG(i),DEST_REG(i))]+
IF[(NOT_DOM(i)=0) and (HOME_REG(i) eq DEST_REG(i)),
domestic_gtap_var(IND2COMM(i),HOME_REG(i),DEST_REG(i))];
for equations that range over the CRUSOE set IND, and
(al,i,TRAD_COMM)(al,h,HOME)(all,d,HOST)
foreign_gtap var(i,o,l)=
sum[j,IND:  (IND2COMM(j) eq i) and (HOME_REG(j) eq h) and
(DEST_REG(j) eq d) and (NOT_DOM(j)=1),
crusoe var(j)];

for equations that range over GTAP sets such as TRAD_COMM and (the various
aliases of) REG. Only the foreign-owned version of the second form of equation is
shown, but the domestic version likewise employs a conditional sum over a
CRUSOE variable.

In the first form of equation, there are two GTAP-style variables, one related to
domestically-owned industries and the other to foreign-owned industries. The IF
conditions identify whether industry i is domestic or foreign-owned.

In the second form of equation, the sum on the right hand side has at most one term.
The conditions in the sum use the set mappings to pick out the element of set IND
(if any) corresponding to each component of the GTAP-style variable.

SUPPLY SIDE OF FDI 87
DIFFERENTIATED

AR IATe



Table 5.4 CRUSOE and GTAP-style variables the components of which

are equated

Description CRUSOE variable(s) GTAP-style variable(s)
Industry output x1ltot god, qoh
Market (output tax inclusive) price of pltot pod, poh
output

Agents’ (output tax exclusive) price pltot_eo psd, psh
of output

Purchasers’ price of intermediate pl pfd, pfm
inputs by source

Basic price of intermediate inputs by p0 pds, pid
source

Demand by industries for capital x1lcap gfed, gfes
Rental price paid by industries for plcap pfeda, pfesa
capital

Prices of primary factors other than pllab_s, plind, pinr pfe

capital
Power of the output tax

Output augmenting technical
efficiency (section 5.4)

p_rloct tod, tof, remotaxd, remotaxf
altot altot_d, altot f

In the equations listed below, up to two enhancements are made to the second form
of equation. First, price variables for null industries are set equal to the numeraire
(variable pfactwld) to ensure a clean price homogeneity test. Second, domestic
GTAP-style variables (such as variable pod) are set equal to their standard GTAP
counterpart (variable pm in this case) for industries which are entirely domestically-
owned, that is, which have not been split into domestic and foreign-owned. Thisis
indicated by a value of zero for the corresponding component of coefficient

FDI_FLAGLI.

Table 5.4 lists all one-to-one correspondences between CRUSOE and GTAP-style

variables.

The equations

E_psd (all,i, TRAD_COMM)(al,r,REG)

psd(i,r)-pfactwld=

sum[j,IND:  (IND2COMM(j) eq i) and (HOME_REG(j) eqr) and

(DEST_REG()) eqr) and (NOT_DOM(j)=0),

pltot_eo(j)-pfactwld]+

IF[FDI_FLAGIL(i,r)=0,ps(i,r)-pfactwld];
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E_pod (al,i, TRAD_COMM)(all,r,REG)
pod(i,r)-pfactwld=
sum[j,IND: (IND2COMM(j) eqi) and (HOME_REG(j) eqr) and
(DEST_REG(j) eqr) and (NOT_DOM(j)=0),
pltot(j)-pfactwld]+
IF[FDI_FLAGIL(i,r)=0,pm(i,r)-pfactwld];
E_psh (all,i, TRAD_COMM)(all,h, HOME)(all d,host)
psh(i,h,d)-pfactwld=
sum[j,IND:  (IND2COMM(j) eq i) and (HOME_REG(j) eq h) and
(DEST_REG(j) eqd) and (NOT_DOM (j)=1),
pltot_eo(j)-pfactwld];
E_poh (al,i,TRAD_COMM)(al,h,HOME)(dl,d,host)
poh(i,h,d)-pfactwld=
sum[j,IND:  (IND2COMMY(j) eq i) and (HOME_REG(j) eq h) and
(DEST_REG(j) eqd) and (NOT_DOM (j)=1),
pltot(j)-pfactwld];

The equations define GTAP-style variables for, respectively, agents’ and market
prices of output for domestically-owned industries, and agents’ and market prices of
output for foreign-owned industries.

E_x1tot (all,i,IND)
x1tot(i) = IF{NOT_DOM(i)=0,qod(IND2COMM(i),DEST_REG(i))}+
IF{NOT_DOM(i)=1,
qoh(IND2COMM(i),HOME_REG(i),DEST_REG(i))};
The equation ties together CRUSOE and GTAP-style industry output variables.

E_pO #Define basic prices p0 in terms of pds and pid#
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(al,c,COM)(al,s,SRC)(al,i,IND)
po(cssi) = IF{IS DOM(s)=1,pds(c,DEST REG(i))}+
IF{1S_DOM(9)=0,pid(c,DEST_REG())};
E t1 #Define purchasers prices pl in terms of pfd and pfm#
(al,c,COM)(dl,s,SRC)(dll,i,IND)
plicsi) = IF{IS DOM(s)=1,pfd(c,/ND2COMM(i),DEST REG(i))} +
IF{1S_DOM()=0,pfm(c,IND2COMM(i),DEST_REG(i))};

These equations tie together CRUSOE and GTAP-style variables for basic and
purchasers’ prices of intermediate inputs, respectively. Two features are
noteworthy. First, the CRUSOE basic price variable pO has a dimension over IND,
in contrast to standard CRUSOE. This is because the set IND ranges over industries
located in different regions, and basic prices vary between regions. Second, the
second equation is named E_t1 as it determines the CRUSOE variable t1 (taxes on
intermediate inputs), which is exogenous in standard CRUSOE. There is already a
CRUSOE equation E_p1 that defines pl to be the sum of pO and tl (section 5.1).
Equating CRUSOE purchasers’ prices with GTAP purchasers’ prices implies that
taxes on intermediate inputs are uniform within a region across all industries
producing the same commodity. Thus variable tl1 is forced to be equal to GTAP
variables tfd and tfm.

E_p_rloct (all,i,IND)

R1OCT(i)*p_rloct(i)=

IF{(NOT_DOM(j)=1) or (HOME_REG(i) ne DEST_REG(j)),
R10CT(i)*tof(IND2COMM(i), HOME_REG(i),DEST_REG(i))+
[1-R1OCTO(i)]*

remotaxf(IND2COMM(j),HOME_REG(i),DEST_REG(i))}+

IF{(NOT_DOM(i)=0) and (HOME_REG(i) eq DEST_REG(j)),

R10CT(i)*tod(IND2COMM(i), HOME_REG(i))+

[1-R1OCTO(i)]*remotaxd(IND2COMM(i),HOME_REG(i))};
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This equation equates CRUSOE and GTAP-style output tax variables. It is easier to
understand if the equation is written without the remotax* terms. The coefficients
R1OCT(i) then cancel from both sides of the equation and it becomes

p_rloct(i)=

IF{(NOT_DOM(i)=1) or (HOME_REG(i) ne DEST_REG(i)),
tof IND2COMM(i),HOME_REG(i),DEST_REG(i))} +

IF{ (NOT_DOM(i)=0) and (HOME_REG(i) eq DEST_REG(i)),
tod(IND2COMM(i),HOME_REG(i))};

It is now easy to see that the CRUSOE power of the output tax variable p_rloct is
linked to its GTAP-style counterparts tod and tof. The remotax* variables in the
origina equation are introduced to allow easier application of policy shocks. The
name remotaxd (remotaxf) stands for remove output tax for domestic (foreign-
owned) industries. A shock of 100 completely removes an output tax. A shock of 50
reduces the output tax rate to half of itsinitial level. The two coefficients RIOCT
and R1OCTO are required for incorporating the remotax* terms into equation
E p rloct. The coefficient R1OCT is the ratio of total industry costs to total
industry costs less output tax revenue. It is the level counterpart of the percentage
change variable p_rloct. The coefficient RLOCTO isthe initial value of RLOCT and
remains constant throughout a policy simulation.

E x1cap (al,i,IND)

x1cap(i)=

IFINOT_DOM(i)=1,

gfes(IND2COMM (i), HOME_REG(i),DEST_REG(i))]+

IFINOT_DOM(i)=0,qfed(IND2COMM(i),HOME_REG(i))];
This equation equates the CRUSOE and GTAP-style demand for capital variables.
E dfes(al,c,TRAD_COMM)(al,s,home)(all,d,host)

pfesa(c,s,d)-pfactwld=

sum[i,IND:(IND2COMM(i) eq ¢) and (HOME_REG(i) eq s) and

(DEST_REG(i) eq d) and (NOT_DOM(i)=1),

SUPPLY SIDE OF FDI 91
DIFFERENTIATED

AR IATe



plcap(i)-pfactwld];
E_dfed (al,c, TRAD_COMM)(all,r,REG)
IF{FDI_FLAGI1(c,r)>0,
pfeda(c,r)-pfactwld-
sum[i,IND: (IND2COMMY(i) eq c) and (HOME_REG(i) eqr) and
(DEST_REG(i) eq r) and (NOT_DOM(i)=0),
plcap(i)-pfactwld]} =
IF{FDI_FLAG1(c,r)=0,gfed(c,r)-sumk, ENDWC_COMM,qgfe(k,c,n]};

These equations tie together the CRUSOE and GTAP-style rental prices paid by
domestic and foreign-owned industries, respectively, for capital. Note that as the
function of these equations is to determine the demand for capital (hence the
equation names E_dgfes and E_gfed), in equation E_gfed the demand for capital has
been equated with its standard GTAP counterpart when no FDI is present.

E_pllab_s(all,i,IND)(l,|,LABOR)
pllab_s(i,l)=pfe(l,IND2COMM(i),DEST_REG(i));

E x1Ind (al,i,IND)
p1ind(i)=sum[l,LAND,pfe(l,IND2COMM (i),DEST_REG(i))];

E x1nr (al,i,IND)
plnr(i)=sum[l,NATRES,pfe(l,IND2COMM(i),DEST_REG(i))];

These equations tie together the CRUSOE and GTAP-style prices paid by industries
for labour, land and natural resources, respectively. These primary factors are
considered to be mobile, within a region, between all industries producing the same
commodity. Consequently, the price of any one of these primary factors is uniform
across those industries. Further, there are no counterparts to equation E_x1cap for
these primary factors, as only capital is specific to each industry represented in the
set IND.
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5.3 Integration of CRUSOE and GTAP code —
redefinition of GTAP variables as aggregates of
CRUSOE variables

Preliminaries
The equations discussed in this section fall into two categories.

The first category is those equations in which standard GTAP industry input
variables are redefined as aggregates, as necessitated by the domestic/foreign split.

The second category is extra equations that do not replace existing GTAP equations.

These lead to some previously exogenous GTAP variables becoming endogenous.

Their function is to ensure that the original GTAP industry — a sum of domestic
and foreign-owned industries — behaves consistently with its parts. For example,
the GTAP output tax (variable to) associated with the production of each
commodity becomes endogenous as its value is determined by output taxes across
all domestic and foreign-owned industries producing that commodity.

The equations in this section must accommodate two possibilities, depending on
whether or not both domestic and foreign-owned firms produce a commodity. As
illustrated in table 5.1, not all industries are represented in the set IND, only those
arising from the domestic/foreign split. The standard GTAP equations continue to
determine the components of GTAP industry variables (such as qgf, qfd and gfm)
associated with industries that are totally domestically-owned (such as industry
C1.R1.D in table 5.1). Therefore, the FTAP equations for these variables must cover
two cases — where the standard GTAP equation continues to operate, and where
aggregation across CRUSOE variables occurs.

These FTAP equations can be stylised as

X(i,r) f(G(i,r)) if Y.(i,r)=0

- Z{jZJDIND,I(j):i,D(j):r}CX(j) if YF(i,r)io

whereX is a GTAP industry variable associated with the production of commodity i
in region r,Yg is the output of the foreign-owned part of the industry producing
commodity i in region rG is a collection of GTAP variables upon whiXtdepends

via the (standard GTAP) functidrandCy is the CRUSOE variable the components
of which sum taX when the domestic/foreign split appliéc) andD(.) are the set
mappings IND2COMM and DEST_REG, respectively.
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Table 5.5 Standard GTAP variables that are equated with aggregates
across CRUSOE variables

Description GTAP variable(s) CRUSOE vatriable(s)
Industry output go x1totd
Market (output tax inclusive) pm pltot
price of output

Demand for primary factor bundle gva x1prim
Demand for primary factors gfe xllab_s, x1cap, x1Ind, x1nr
Demand for intermediate inputs gf x1_s
Purchasers’ price of intermediate pf pl s
inputs

Demand for intermediate inputs gfd, gfm x1
by source

& |n the TABLO equation defining qo, the summation involves god and goh, but it could be written in terms of
x1tot given the equivalence between x1tot and god and qoh (table 5.4).

In the FTAP TABLO code the two parts of the above equation are welded together

using conditionals. The coefficient FDI_FLAGL1 plays the role of Yr. When the
equation is aredefinition of a GTAP variable, new variables are defined to be equal

to the CRUSOE-based expression on the second line. The names of these variables

have ‘T’ prefixed to the name of the GTAP variable to which they are related —
for example, ‘f_qgfd’ for ‘gfd’. The FTAP equation sets, for example, gfd equal to
the GTAP expression for gfd if FDI_FLAG1=0, and equal to f_qgfd otherwise.

Table 5.5 lists all redefined GTAP variables.

The equations

E_f qgf (all,c, TRAD_COMM)(all,i,FDI_COMM)(all,r,FDI_DEST)
VFA(c,i,n)*f_gf(c,i,r)=
sum{j,IND:(DEST_REG()) eq r) and (IND2COMM(j) eq i),

V1PUR_S(c,))*x1_s(c,)};

E_f pf (all,c, TRAD_COMM)(all,i,FDI_COMM)(all,r,FDI_DEST)
[VFA(c,i,nN+IF(VFA(c,i,r)=0,1)]*[f_pf(c,i,r)-pfactwld]=
sum{j,IND:(DEST_REG(j) eq r) and (IND2COMM()) eq i),

V1PUR_S(c,j)*[p1_s(c,))-pfactwid]};

E_f_gfd (all,c, TRAD_COMM)(all,i,FDI_COMM)(all,r,FDI_DEST)
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VDFM(c,i,n)*f_gfd(c,i,r=
sum[j,IND:(DEST_REG(j) eqr) and (IND2COMM(j) eq i),
V1BAS(c,"dom"j)*x1(c,"dom" j)];

E f gfm (all,c, TRAD_COMM)(l,i,FDI_COMM)(al,r,FDI_DEST)
VIFM(c,i,r)*f_gfm(c,i,n=
sum[j,IND:(DEST_REG(j) eqr) and (IND2COMM(j) eq i),

VIBAS(c,"imp",j)*x1(c,"imp" j)];
E f_qva(al,i,FDI_COMM)(all,r,FDI_DEST)
VVA(i,n*f_qva(i,r=
sum{j,IND:(DEST_REG(j) eqr) and (IND2COMM()) eq i),
V1PRIM(j)*x1prim(j)};

E f gfe (al,c,LABOR)(dl,i,FDI_COMM)(all,r,FDI_DEST)
EVFA(c,i,n)*[pfe(c,i,r)+f_gfel(c,i,r)-pfactwld]=
sum{j,IND:(DEST_REG(j) eqr) and (IND2COMM(j) eq i),

VI1LAB_S(j,c)*[pllab_s(j,c)+x1lab s(j,c)-pfactwld]};

E f_gfek (al,c,ENDWC_COMM)(dl,i,FDI_COMM)(all,r,FDI_DEST)
EVFA(c,i,r)*f_gfek(c,i,r=
sum{j,IND:(DEST_REG(j) eqr) and (IND2COMM(j) eq i),

V1CAP(j)*x1cap(j)};

E_f_gfen (all,c,LAND)(al,i,FDI_COMM)(all,r,FDI_DEST)
IF[EVFA(c,i,r)=0,f _gfen(c,i,n]=
IF[EVFA(c,i,r) neO,

EVFA(c,i,r)*[pfe(c,i,r)+f_gfen(c,i,r)-pfactwld]-

sum{j,IND:(DEST_REG(j) eq r) and (IND2COMM(j) eq i),
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VILND(j)* [pLind(j)+x1Ind(j)-pfactwld]}];
E_f_gfenr (al,c,NATRES)(al,i,FDI_COMM)(dll,r,FDI_DEST)
IF[EVFA(c,i,n)=0,f_gfenr(c,i,r]=
IF[EVFA(c,i,r) neO,
EVFA(c,i,n*[pfe(c,i,n)+f_gfenr(c,i,r)-pfactwld]-
sumyj,IND:(DEST_REG(j) eqr) and (IND2COMM(j) eq i),
VINR()* [p1nr(j)+x1nr(j)-pfactwld]};

The equations all define ‘f ' variables — aggregations across CRUSOE variables
— described in the preliminaries. The equations define the ‘f_’ variables for:

the demand for intermediate inputs of each commodity;

the price of intermediate inputs of each commaodity;

the demand for intermediate inputs of each domestically produced commaodity;
the demand for intermediate inputs of each imported commodity;

the demand for aggregate primary factors; and

the demands for labour, capital, land and natural resources.

Note how the equations defining prices have been constructed to equate the price
with the numeraire (variable pfactwld) in the presence of zero data. The variable
f _qva is not actually used to redefine gva. The only uses of gqva in FTAP involve
components of gva that are determined by the standard GTAP eqQuEDbENAND.

INTDEMAND (all,i, TRAD_COMM)(all,j,PROD_COMM)(all,r,REG)
qf(i.j,n)=
IF{FDI_FLAG1(j,r)=0,
-af(i,j,r)+qo(j,r)-ao(j,r)-ESUBT(j)*[pf(i,},r)-af(i,j,r)-ps(,nN]}+
IF{FDI_FLAG1(j,r) ne 0,f_qf(i,PROD2FDI(j),REG2FDI(r))} ;
ICOMPRICE (all,i, TRAD_COMM)(all,j,PROD_COMM)(all,r,REG)
pf(i.j.n)=
IF{FDI_FLAG1(j,r)=0,
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FMSHR(i,j,r)*pfm(i,j,r)+[1-FMSHR(i,j,n)]* pfd(i,j,r} +
IF{FDI_FLAGI(j,r) ne 0,f pf(i,PROD2FDI(j),REG2FDI(r))};
INDDOM (dl,i, TRAD_COMM)(all,j,PROD_COMM)(all,s,REG)
qfd(i.j,s)=
IF{ FDI_FLAGI(j,s)=0,
qf(i,j,s)-ESUBD(i)* [pfd(i,j,s)-pf(i,j,9)]} +
IF{FDI_FLAGI(j,s) ne 0,f_gfd(i,PROD2FDI(j),REG2FDI(s))};
INDIMP (all,i, TRAD_COMM)(all,j,PROD_COMM)(all,s,REG)
qfm(i,j,s) =
IF{FDI_FLAG1(j,9)=0,
qf(i,j,s)-ESUBD(i)* [pfm(i,j,s)-pf(i.j.s)]} +
IF{FDI_FLAGI1(j,s) ne 0,f_gfm(i,PROD2FDI(j),REG2FDI(s))};
ENDWDEMAND (all,i,ENDW_COMM)(dl,j,PROD_COMM)(dl,r,REG)
qfei,j.r) =
IF{FDI_FLAGI(j,r)=0,
-afe(i,j,r)+avaj,r)-ESUBVA()* [pfeli,j,r)-afei,j,r-pva(,n]} +
IF{ FDI_FLAGI(j,r) neO,
sum[k,LABOR:k eqi,f_gfel(k,PROD2FDI(j),REG2FDI(r))] +
sum[k,ENDWC_COMM:k eqi,f_gfek(k,PROD2FDI(j),REG2FDI(r))]+
sum[k,LAND:k eq i,f_gfen(k,PROD2FDI(j),REG2FDI(r))]+
sum[k,NATRESk eqi,f_gfenr(k,PROD2FDI(j),REG2FDI(1))]};

These equations are aterations to the GTAP equations of the same names. They
redefine standard GTAP variables as aggregations across CRUSOE variables, using
the ‘f_’ variables. The equations redefine:

the demand for intermediate inputs of each commouitypEMAND);
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the price of intermediate inputs of each commodity (ICOMPRICE);

the demand for intermediate inputs of each domestically produced commodity
(INDDOM);

the demand for intermediate inputs of each imported commodity (INDIMP); and
the demands for each primary factor (ENDWDEMAND).

Conditional sums have been used within the second IF in equation ENDWDEMAND tO
ensure that the correct f_qfe* variable is selected.

E_go (al,i, TRAD_COMM)(all,r,REG)
[VOM(i,r)+IF(VOM(i,r)=0,1)]*qo(i,r)=
IF{VOM(i,r) neO,
VODM(i,r)*qod(i,r)+sum[o,HOME,V OHM(i,o,r)* qoh(i,0,nN]};

This equation defines the total quantity of commodity i produced in region r as an
aggregation across the quantities produced by domestic and foreign-owned
industries. Although this equation involves only GTAP-style variables, its function
can be seen to be that of aggregating CRUSOE variables to determine a GTAP
variable, as variables god and goh are equated with components of x1tot in equation
E_x1tot (section 5.2). This equation overrides the standard GTAP domestic market
clearing equation MKTCLTRD, Which is negated by endogenising the slack variable
tradslack.

E_to FDI (dl,i,TRAD_COMM)(al,r,REG)
IF{FDI_FLAG1(i,n>0,
VOM(i,r)*{pm(i,r)+qo(i.n)}-
sum[j,IND:(DEST_REG(j) eqr) and (IND2COMM(j) eq i),
V1TOT(j)*{ pltot(j)+x1tot(j)} |} =
IF{FDI_FLAGA(i,r)=0,to(i,r)-to_shk(i,rn};

This equation implicitly determines, for commodities produced by both domestic
and foreign-owned industries, the value of the GTAP output tax (variable to) that is
consistent with the output taxes applying across the producing industries. It
accomplishes this by equating the GTAP expression for the market value of
production with the corresponding CRUSOE expression (that involves a sum across
all producing industries). For commodities that are produced entirely by
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domestically-owned firms, that is, for industries not represented in the CRUSOE set
IND, the variable to remains effectively exogenous. It is equated with the
exogenous variable to_shk.

5.4 Integration of CRUSOE and GTAP code —
convenience variables

The equations
E_altot f (all,i,TRAD_COMM)(all,0o,HOME)(all,|,HOST)
altot_f(i,o,l)=
sum[j,IND: (IND2COMM(j) eqi) and (HOME_REG(j) eq 0) and
(DEST_REG(j) eq 1) and (NOT_DOM (j)=1),altot(j)];
E altot_d (al,i,TRAD_COMM)(al,r,REG)
altot_d(i,n=
sum[j,IND: (IND2COMM(j) eqi) and (HOME_REG(j) eqr) and
(DEST_REG(j) egr) and (NOT_DOM(j)=0),altot(j)];

These equations are useful reporting equations that map the components of the
technical efficiency variable altot (which ranges over the set IND) to the
corresponding commodities, host and home regions. The first equation covers those
components of altot associated with foreign-owned industries. The second equation
covers the domestic industries.
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6 Demand side of FDI differentiated
products

In standard GTAP, agents in the economy satisfy their demand for a particular
commodity by choosing between an imperfectly substitutable domestic and
imported variety of the commodity. The total demand by the economy as a whole
for the imported variety of a commodity is satisfied by choosing between
imperfectly substitutable varieties of the commodity from each region from which
the commodity is imported. This specification of demand was illustrated in figure
2.2.

Since FTAP distinguishes domestic and foreign-owned industries, a further level of
commodity differentiation arises, based on the region owning the industry
producing a commodity. This applies to both the domestic variety of the commaodity
and the imports of a commodity from each source.

So in FTAP, the total demand by the economy as a whole for the domestic variety
of a commodity is satisfied by choosing between imperfectly substitutable varieties
produced by the domestic and foreign-owned industries producing that commodity
locally. The choice occurs at the level of the economy as a whole, rather than for
each agent, to reduce the computational burden of solving the model.

Similarly, the total demand by the economy as a whole for the imported variety of a
commodity from a particular region is satisfied by choosing between imperfectly
substitutable varieties produced by the domestic and foreign-owned industries in the
exporting region.

Thus an extra level based on ownership is added to the nested demand structure of
GTAP.

The chosen pattern of nesting reflects the assumption that the region in which goods
are produced is the primary determinant of their degree of similarity. That is, the
ownership of an industry confers alower degree of product differentiation than the
location in which the industry operates. This assumption is supported by the
observation that foreign firms often adjust the nature of their goods to satisfy the
local market, especially in cases of horizontal FDI.

100 THESTRUCTURE OF
THE FTAPMODEL



At each node of the nest, goods are combined by a CES function. The substitution
elasticity between domestic and imported varieties is 5. All other industry-level
substitution elasticities are 10 (recall that there is al'so substitution among individual
firms within a particular firm type). So substitution between the domestic and
imported variety is more restricted than substitution among varieties produced by
different domestic agents or substitution among varieties produced by different
exporters.

With respect to this parameter choice, two points of comparison between GTAP and
FTAP are noteworthy.

First, the new structure is parameterised so that the pattern of substitution is as close
as possible to standard GTAP, that is, substitution among all sources of imports is
double the domestic/import substitution.

Second, the magnitude of substitution in FTAP is about double that in GTAP, since

the values of FTAP substitution elasticities — 5 and 10 — are about double the
values used in GTAP. The doubling of the GTAP values can be justified on two
grounds. One is that Gehlhar (1997) found that only by doubling the GTAP
elasticities could the GTAP model successfully reproduce historical changes in
trade patterns. The other is that the higher elasticities accord better with the degree
of substitution expected in the presence of firm-level product differentiation.

One further level of commodity choice exists beneath the ownership level, based on
firm-level product differentiatiod. Each industry is modelled as a variable number

of firms of identical fixed siz&and identical production technology. Each firm’s
output is assumed to be imperfectly substitutable with the output of other firms
within the industry, while the output of all firms is combined into industry output
with a CES aggregator function with elasticity of substitution equal to 15. Under
these assumptions, industry output can only increase by increasing the number of
firms, but because this increases variety, effective industry output increases more
than proportionally with the number of firms. Francois (1998) has shown that this
specification of firm-level product differentiation can be fully represented by an
endogenous change in technical efficiency related positively to industry output. The
elasticity of technical efficiency with respect to inputs is inversely related to the

1The specification to be described is consistent with large-group monopolistic competition within
each region (Francois 1998, pp. 12-13.)

2 The identical fixed firm size arises from the assumptions of a large number of identical firms
with some fixed costs (Francois et al. 1995, pp. A-6—A-8.) If the firms had CRTS technologies,
there would be an infinite number of infinitely small firms, and consequently always an infinite
number of varieties. Hence, the variety effect when industry output increases would be
indeterminate.
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elasticity of substitution between different firms’ outputs, and for the present choice
of substitution elasticity is 1/(15-1) = 0.0714. The FTAP demand structure for FDI-
differentiated commodities with firm-level product differentiation was shown in
figure 2.2.

In the implementation of this demand nest, defining a complete set of consistently
named new variables enhanced transparency. Sometimes new variables were
identical to GTAP variable$ for example, the quantity of exports by commodity,
source and destination gxs (GTAP) and qisd (FTAP). In most cases the GTAP
variables were redefined (either explicitly or implicitly) by summations over more
highly disaggregated FTAP variables (for example, equation E_gxs section 6.5),
and then used for checking purposes (for example, equation E_check_gisd section
6.6)4

The variable naming conventions are as follows. An initial ‘q’, ‘p’, ‘t' and ‘a’
means quantity, price, power of tax and technical efficiency, respectively.
Characters ‘0", ‘X’ and ‘I’ in the second position designate output, exports and
imports. The character ‘h’ indicates that the variable has a dimension ranging over
home region (that is, region of ownership), while the characters ‘I’ (designating
‘location’) and ‘s’ (designating ‘source’) are used to indicate a dimension for the
location of an activity. The character ‘d’ has multiple meanings that are hopefully
clear from the context. It can mean domestic use, domestically-owned or destination
region. Some examples are: qdd — quantity of domestic use of the output of the
domestically-owned industry; gxd — quantity of exports of the domestically-owned
industry; and gxdd — quantity of exports of the domestically-owned industry by
destination region. A ‘w’ on the end of the name of import prices is used to indicate
world (that is, CIF) as distinct from tariff inclusive prices. A ‘t’ in other than the
initial position indicates an association with international freight activities (for
example, atsd — technical efficiency of international transport on a particular trade
route, that is, from source to destination).

As always, some exceptions to the conventions exist due to variables being already
in the model. The standard GTAP variable gds — quantity of the domestically
produced commodity used domestically — was already defined, and it was thought
prudent to name its associated price variable pds.

Modifications to the international freight module are also required due to the
domestic/foreign split of industries. New equations are patterned on the standard

3 Thisisthe case for awide range of policy shocks, and certainly any implemented to date or likely
in the foreseeable future. See section 6.5 for afull discussion.

4 Checki ng variables have not been defined in every case, but checking can ill be performed
manually.

102 THE STRUCTURE OF
THE FTAPMODEL



GTAP specification — with a Cobb-Douglas combination of regional freight
supplies forming the international freight pool and freight requirements per unit of
commodity being constant (subject to no efficiency improvements) for each
(commodity, source, destination) triplet.

6.1 Demands for FDI differentiated products

Preliminaries

All equations related to demands at the same node of the nest are grouped together.

The equations

E_qdd (all,i, TRAD_COMM)(all,r,REG)
qdd(i,r)=qds(i,r)-ESUBM(i)*[pdd(i,r)-pds(i,r)];

E_qdh (all,i,TRAD_COMM)(all,0,HOME)(all,|,HOST)
gdh(i,o,)=IF{VDHM(i,0,l) ne O,
qds(i,l)-ESUBM(i)*[pdh(i,o,l)-pds(i,))]};

These equations represent demands for locally produced commodities (entering the
domestic node at the second level of the nest). The (GTAP) variable qds(i,r) is the
economy wide demand for the domestically produced commodity i in region r.
Variables qdd(i,r) and gdh(i,o,r) are the economy wide demands by region r for the
commodity i produced by the locally owned industry and the industry in region r
owned by region o. Variables pds, pdd and pdh are the corresponding prices. The
coefficient ESUBM is used in standard GTAP and FTAP as the substitution
elasticity between imports from different sources. In FTAP it is also used as the
substitution elasticity between different domestically produced varieties. It is set to
10 in current applications of FTAP.

E_gid (all,, TRAD_COMM)(all,d,DEST)
qid(i,d)=gim(i,d);

Variable qid(i,d) is identical to GTAP variable gim(i,d) and is the quantity of
imports of commodity i used by region d. Variable qgid is introduced merely for
consistency of variable naming for these equations.
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E gisd (al,i, TRAD_COMM)(al,s, SOURCE)(all,d,DEST)
qisd(i,s,d)=
IF{VIMS(i,s,d) ne 0, gid(i,d)-ESUBM i)* [pisd(i,s,d)-pid(i,d)]} ;

This equation represents demands for imported commodities from different sources
(entering the import node at the second level of the nest). It is written in terms of
FTAP variables but is identical to GTAP equation IMPORTDEMAND. Thus pisd and
pid are the same as (GTAP) variables pms and pim, and this is tested in the
checking equations (section 6.6)

E_gxdd (al,i, TRAD_COMM)(al,s,SOURCE)(all,d,DEST)
gxdd(i,s,d)=IF{VIMS _DD(i,s,d) ne0,
qisd(i,s,d)-ESUBM (i)*[pild(i,s,d)-pisd(i,s,d)]} ;

E_gxhd (al,i, TRAD_COMM)(al,o,HOME)(all,|,HOST)(all,d,DEST)
gxhd(i,o,l,d)=IF[VIMS D(i,o,l,d) ne0,
qisd(i,|,d)-ESUBM (i)* [ pihld(i,o,!,d)-pisd(i,l,d)]];

These equations represent demands for imported commodities from different
industry owners within a particular exporting region (entering the import by source
nodes at the third level of the nest). Variables gxdd(i,s,d) and gxhd(i,o,s,d) are the
exports to region d of commaodity i from region s by the domestic industry and the
industry in region s owned by region o. Variables pild and pihld are the tariff
inclusive prices of imports associated with gxdd and gxhd, respectively.

6.2 International freight

Preliminaries

In standard GTAP each industry can sell part of its output to a pool of international
freight services. The international freight pool is a Cobb-Douglas composite of the
contributions from each industry. It is applied to the transportation of commodities
from exporting to importing regions.

The treatment in FTAP is identical except that both domestic and foreign-owned
industries sell to the freight pool. Therefore more variables and equations must be
defined.
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To preserve the existing GTAP freight variables in FTAP (which is convenient for
implementation and simulation interpretation) both domestic and foreign-owned
industries of each industry group (primary, secondary and tertiary) sell their freight
services to an industry group, region-specific pool.> This pool corresponds to the
GTAP supply of freight services by each industry. Then this is sold to the
international freight pool. Cobb-Douglas combination is used throughout.

In standard GTAP the supply price of freight services by each industry is equal to
the market (output tax inclusive) price of industry output. In FTAP this is not the
case for each industry group, since the supply of freight services is a composite of
many industry contributions. The composition of freight service supply for an
industry group may differ from the composition of total industry group output.
Hence the freight supply price for an industry group may differ from the output
price for the industry group. Consequently, a new variable for the freight supply
price by industry group must be defined.

Section 6.3 deals with the freight requirements for each trade route and commodity
in the discussion of FOB and CIF prices. The market clearing condition for
international freight is still GTAP eguation QTRANS.

The equations
E_qdst (al,i, TRAD_COMM)(all,r,REG)
qdst(i,n)=IF{VDST(i,r) ne 0,gst(i,r)-[pod(i,r)-pst(i.n]};
E_ghst (al,i, TRAD_COMM)(al,o,HOME)(all,|,HOST)
ghst(i,o,)=IF{ VHST(i,o0,l) ne 0,gst(i,l)-[poh(i,o,)-pst(i,)]};

Variables qdst and ghst are the contributions of domestic and foreign-owned
industries, respectively, to the total industry group supply of freight services,
(GTAP) variable gst. The relative output prices, variables pod and poh, respectively,
determine the relative contributions.

E_pst (al,i, TRAD_COMM)(dl,r,REG)

IF{VST(i,r) ne0, VST(i,n)* pst(i,r)-

5 As international freight services (which include insurance) are only produced by the tertiary
sector, the primary and secondary pools are empty. All sectors are modelled as contributing to an
international freight pool to accommodate future disaggregations of the database with more detail
in the tertiary sector.
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(VDST(i,n)*pod(i,r) +sum[o,HOME,VHST(i,o,r)* poh(i,o,n)])}=
IF{VST(i,r)=0,pst(i,r)-pfactwld};

The price of freight services by industry group, variable pst, is a share-weighted
combination of the output prices of contributing industries. The shares are
calculated from the value of freight services supplied by domestic and foreign-
owned industries, coefficients VDST and VHST, respectively. The variable pst
replaces the variable pm in the GTAP equations PTRANS and TRANSVCES defining
the world price of international freight services (variable pt) and the demand for
international freight services from each region (variable gst), respectively.

6.3 Price definition and transmission equations

Preliminaries

Throughout this group of equations, the price of a commodity that is a CES
aggregate of other commodities is defined implicitly by an equation relating the
aggregate quantity to the constituent quantities, as was done previously (section
4.3). These equations are identified with their associated node in figure 2.2.

The FTAP equations defining the relationships between the domestic market, FOB,

CIF and tariff inclusive prices of goods — the price relationships affecting
international trade — are of exactly the same structure as the standard GTAP
equations. The difference is that prices for both domestic and foreign-owned
industries must be defined in FTAP. Table 6.1 shows the correspondence between
the GTAP and FTAP variables.

6 For example, the domestic variety of a commodity is an aggregate of that commodity produced
by the domestic and foreign-owned industries operating locally.
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Table 6.1 Correspondence between standard GTAP and FTAP prices

Variable description Standard GTAP variable FTAP variables (domestic first,

Domestic market price (output
tax inclusive)

FOB price (export tax inclusive)
CIF price (export tax and
freight inclusive)

Export tax-freight-import tariff
inclusive price

foreign second)

pm pod, poh

pfob pxdd, pxhd
pcif pildw, pihldw

pms pild, pihld

The equations

E_pdd (al,i,TRAD_COMM)(dl,r,REG)
pdd(i,r)=pod(i,r)! +tdd(i,r)!;

E_pxd (al,i,TRAD_COMM)(dl,r,REG)

pxd(i,r)=pod(i,r)! +txd(i,r)!;

E_pdh (al,i, TRAD_COMM)(all,0,HOME)(all,|,HOST)

pdh(i,o,))=poh(i,o,))! +tdh(i,o,I)!;

E_pxh (al,i, TRAD_COMM)(al,0,HOME)(al,|, HOST)

pxh(i,o,l)=poh(i,o,l)!+txh(i,o,)!;

These equations only serve the function of setting variables pdd and pxd (pdh and
pxh), the domestic market prices of domestic use and exports of the domestically
(foreign) owned industry (industries), equal to the domestic market price of output,
variable pod (poh). The commented out variables are tax terms that are suggestive
of a possible future development in which domestic taxes may discriminate on the

basis of ownership.

E_pds (al,i, TRAD_COMM)(al r,REG)

I Corresponds to the ‘Domestic Location Sub=5" node in figure 2.2 !

IF{VDM(i,r) neO,

VDM(i,r)*qds(i,r)-

{sum[o,HOME,VDHM(i,o,r)*qdh(i,o,r)]+

DEMAND SIDE OF FDI
DIFFERENTIATED

AR IATe

107



VDDM(i,n)*qdd(i,nN}}=
IF{VDM(i,r)=0,pds(i,r)-pfactwld};

The price of domestically produced commodity i in region r, variable pds(i,r)
(associated with the domestic node at the second level of the nest), is defined
implicitly by the aggregation of the quantities contributing to the associated (GTAP)
quantity of domestic supply variable qds(i,r). These quantities are the domestic use
of commodity i produced by both domestic (variable qdd(i,r)) and foreign (variable
qdh(i,o,r)) industries. The weights used in the aggregation are the market values of
the domestic use of commodity i from the domestic (coefficient VDDM(i,r)) and
foreign-owned (coefficient VDHM(i,0,r)) industries.

In the GTAP equations defining the purchasers’ prices of domestic goods —
PHHDPRICE, GHHDPRICE andDMNDDPRICE — the variable pm — the market price of
domesticallyproduced goods — must be replaced with variable pds — the market
price of domesticallgonsumed goods.

E_pid (all,i, TRAD_COMM)(all,d,DEST)
I Corresponds to the ‘Foreign Location Sub=5" node in figure 2.2 !
IF{VIM(i,d)=0,pid(i,d)-pfactwld} =
IF{VIM(i,d) ne0,
VIM(i,d)*gid(i,d)-sum[s,SOURCE,VIM (i,s,d)* qisd(i,s,d)]};

The price of imported commodity i in region d, variable pid(i,d) (associated with the
imported node at the second level of the nest), is defined implicitly by the
aggregation of the quantities contributing to the associated import quantity variable
qid(i,d). These quantities are the imports of commodity i from each source region s
(variable gisd(i,s,d)). The weights used in the aggregation are the import tariff
inclusive (market in GTAP terminology) values of imports (coefficient VIMS).
Variable pid should always be identical to GTAP variable pim (see equation
E check pid section 6.6).

E_pisd (al,i, TRAD_COMM)(all,s,SOURCE)(all,d,DEST)

I Corresponds to the ‘Located in region 1...N Sub=10" nodes in figure 2.2 !
IF{VIMS(i,s,d)=0,pisd(i,s,d)-pfactwld} =
IF{VIMS(i,s,d) ne O,VIMS(i,s,d)*qisd(i,s,d)
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-[VIMS DD(i,s,d)*gxdd(i,s,d)+
sum[o,HOME,VIMS D(i,o,s,d)*gxhd(i,o,s,d)]]};

The price of commodity i from region s imported by region d, variable pisd(i,s,d)
(associated with the import nodes by source at the third level of the nest), is defined
implicitly by the aggregation of the quantities contributing to the associated import
guantity variable qgisd(i,s,d). These quantities are the imports of commodity i from
both domestic and foreign-owned industries operating in region s (variables
gxdd(i,s,d) and gxhd(i,o,s,d), respectively). The weights used in the aggregation are
the import tariff inclusive (market in GTAP terminology) values of imports
(coefficient VIMS D(i,s,d) for imports from the domestically-owned industry in
region s and coefficient VIMS_D(i,0,s,d) for imports from the industry in region s
owned by region 0).

E_pxdd (al,i,TRAD_COMM)(al,s,SOURCE)(all,d,DEST)
pxdd(i,s,d)=pxd(i,s)+tx(i,s)+txsd(i,s,d);

E_pxhd (al,i,TRAD_COMM)(al,o,HOME)(dl,|,HOST)(all,d,DEST)
pxhd(i,o,l,d)=pxh(i,o,l)+tx(i,l)+txsd(i,|,d)+txhd(i,o,l,d);

The function and structure of these equations is identical to GTAP equation
EXPRICES. The new power of tax variable — txsd and txhd — have been chosen to
allow discrimination not just among destinations but among owners of the exporting
industry. The GTAP variable txs has been retained in the model and its function is
discussed in section 6.5.

E_pildw (all,i, TRAD_COMM)(all,s,SOURCE)(all,d,DEST)
pildw(i,s,d)=FOBSHR2(i,s,d)*pxdd(i,s,d)+ TRNSHR2(i,s,d)*
[pt-atsd(i,s,d)]+IF[FOBSHR2(i,s,d)+ TRNSHR2(i,s,d)=0,pfactwld];

E_pihldw (all,i, TRAD_COMM)(all,0,HOME)(all,,HOST)(all,d,DEST)
pihldw(i,o,l,d)=FOBSHRL2(i,0,l,d)*pxhd(i,o,l,d)+ TRNSHRL2(i,o,l,d)*
[pt-atsd(i,l,d)-athsd(i,o,l,d)]+
IF[FOBSHRL2(i,0,l,d)+TRNSHRL2(i,0,l,d)=0,pfactwld];

The function and structure of these equations is identical to GTAP eqeakiO.
The new technical efficiency variables — atsd and athsd — have been chosen to
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allow discrimination not just between destinations but between owners of the
exporting industry. The GTAP variable atr has been retained in the model and its
function is discussed in section 6.5. In the absence of technical efficiency changes,
these equations imply that the requirements for international freight services are
proportional to the amount of commodity being traded.

E_pild (al,i, TRAD_COMM)(all,s,SOURCE)(all , d,DEST)
pild(i,s,d)=pildw(i,s,d)+tm(i,d)+tmsd(i,s,d);

E_pihld (al,i, TRAD_COMM)(al,o,HOME)(all,|, HOST)(all,d,DEST)
pihld(i,o,l,d)=pihldw(i,o,l,d)+tm(i,d)+tmsd(i,l,d)+tmhs(i,o,l,d);

The function and structure of these equations is identical to GTAP equation
MKTPRICES. The new power of tax variables — tmsd and tmhs — have been chosen
to allow discrimination not just among destinations but among owners of the
exporting industry. The GTAP variable tms has been retained in the model and its
function is discussed in section 6.5.

6.4 Market clearing and accounting equations

Preliminaries

The equations in this group are similar in structure and identical in function to the
standard GTAP equations for market clearing in domestically produced

commodities. They have arisen due to the domestic/foreign split of industries and
their outputs.

The equations

E_qgod (all,i,TRAD_COMM)(all,r,REG)
[VODM(i,n)+IF(VODM(i,r)=0,1)]*qod(i,r)=
IF[VODM(i,r) ne 0O,

VXDM(i,r)*gxd(i,r)+VDDM(i,r)*qdd(i,r)+VDST(i,r)*qdst(i,r)];
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E _goh (al,i,TRAD_COMM)(al,0,HOME)(dll,|,HOST)
[VOHM(i,o,l)+IF(VOHM(i,0,1)=0,1)]* goh(i,o,)=IF[VOHM(i,o,l) ne 0,
VXHM(i,0,l)*gxh(i,o,1)+VDHM(i,o,1)*qdh(i,o,)+VHST(i,0,1)* ghst(i,o0,))];

These equations serve the same function as standard GTAP equation MKTCLTRD.
They specify that output from domestic and foreign-owned industries (variables god
and qoh) is divided between domestic use (variables qdd and qdh), exports
(variables gxd and gxh) and sales to international freight (variables qdst and ghst).
The major difference in structure from the GTAP equation MKTCLTRD is that exports
by source have been aggregated into total exports for equations E_god and E_goh.
If the next two equations were used to expand out gxd and gxh, then equations
E god and E_goh would be identical in structure to GTAP equation MKTCLTRD.

E_gxd (al,i,TRAD_COMM)(al,s,SOURCE)
[VXDM(i,s)+ F(VXDM(i,s)=0,1)]* gxd(i,s)=IF{ VXDM(i,s) ne 0,
sum[d,DEST,VXMD_DD(i,s,d)*gxdd(i,s,d)]};

E_gxh (dl,i,TRAD_COMM)(dl,0,HOME)(all,|,HOST)
[VXHM(i,0,)+HIF(VXHM(i,0,1)=0,1)]*gxh(i,o,)=IF{ VXHM(,o,l) ne O,
sum[d,DEST,VXMD_D(i,o,l,d)* gxhd(i,o,l,d)]};

These equations define the exports of commodity i from region r by domestic
(variable gxd(i,r)) and foreign-owned (variable gxh(i,o,r)) industries. These
variables are the totals across destinations of destination-specific export variables
gxdd and gxhd. In the linearised form of this totalling, the value weights used are
market values, which are proportional to quantities since they are al evaluated at
the same (market) price.

6.5 Links to GTAP variables

Preliminaries

Duplicates of some GTAP variables were introduced among the variables created
for the equations described in this chapter. All these variables except the price of
imports (variable pid, discussed in section 6.3) are related to bilateral trade flows.
They are shown in table 6.2.

DEMAND SIDEOFFDI 111
DIFFERENTIATED

AR IATe



Table 6.2 Correspondence between standard GTAP and FTAP duplicate

variables
Variable description Standard GTAP variable  FTAP duplicate variable
Quantity of exports by commodity, source axs gisd
and destination
Power of export tax by commodity, txs txsd
source and destination
Technical efficiency of international atr atsd
transport by commaodity, source and
destination
Power of import tariff by commodity, tms tmsd

source and destination

The ssimulation values of the two sets of variables are identical under the following
assumptions about bilateral trades:

the export tax, freight ratios and import tariffs in the database are independent of
the ownership of the producing sector, that is, they are determined by the
commodity and trade route alone; and

ownership-specific export tax, technical efficiency in international freight and
import tariff shocks are not applied in the policy simulation, that is, txhd, athsd
and tmhs are not shocked.

Both these conditions are satisfied in current applications. Although the model
allows the flexibility to use a database, and/or run a simulation, that invalidates
these assumptions, these seem unlikely applications.” Therefore, for current
applications at least, the equality of the two sets of variables in table 6.2 is a good
check on the integrity of the model and database.

The equations of this section also ensure that the original GTAP trade matrices —
coefficients VXMD, VXWD, VIWS and VIMS — are updated correctly. This point
merits further discussion.

Plainly the GTAP trade matrices could be derived by summing the FTAP trade
matrices that parallel the GTAP ones but are disaggregated by the ownership of the
producing industry. For example,

VXMD(i,s,d)=VXMD_DD(i,s,d)+sum[o,HOME,VXMD_D(i,o,s,d)];

7 But if it is decided in the future that a different value of the export tax is required for boomerang
imports of services, as opposed to imports from foreign-owned firms, then the equality between
txs and txsd will no longer hold.
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Thisis not done, however, and the GTAP matrices are read as an independent piece
of data and updated over the course of a policy simulation asin standard GTAP.

The equations of this section ensure that the variables used for the updating are
calculated so that the GTAP trade matrices remain consistent with their FTAP
counterparts. This data redundancy provides another check on the integrity of the
database and model.

The equations
E_gxs(al,i,TRAD_COMM)(all,s,SOURCE)(all,d,DEST)
IF{VXMD(i,s,d) gt 0,
VXMD(i,s,d)* gxs(i,s,d)-
{sum[o,HOME,VXMD_D(i,o0,s,d)*gxhd(i,o,s,d)] +
VXMD_DD(i,s,d)*gxdd(i,s,d)} } =
IF{VXMD(i,s,d) le 0,gxs(i,s,d)};

This equation replaces GTAP equation IMPORTDEMAND and defines variable gxs as a
market value of exports weighted sum over bilatera exports distinguished by
ownership of producing industry (variables gxdd and gxhd for domestic and
foreign-owned producers, respectively). Note that under the assumptions of the
preliminaries for this section,

VXMD(i,s,d)/VIMS(i,s,d)

VXMD_DD(i,s,d)/VIMS_DD(i,s,d)

VXMD_D(i,0,s,d)/VIMS D(i,o0,s,d)

for al 0. Then equation E_gxs could be rewritten with VIMS coefficients replacing
VXMD coefficients throughout, implying gxs equals gisd.

E_pxs(al,i,TRAD_COMM)(all,s,SOURCE)(all,d,DEST)
IF{VXMD(i,s,d) gt 0,
VXMD(i,s,d)*[pxs(i,s,d)+gxs(i,s,d)] -
{sum[o,HOME,VXMD_D(i,o,s,d)*[pxh(i,o,s)+gxhd(i,o,s,d)]]+

VXMD_DD(i,s,d)*[pxd(i,s)+gxdd(i,s,d)]} } =
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IF{VXMD(i,s,d) le 0,pxs(i,s,d)-pfactwld} ;

This equation defines the new variable pxs, the domestic market (output tax
inclusive, export tax exclusive) price of exports by commodity, source and
destination. This is required for correct updating of VXMD. In standard GTAP,
VXMD is updated with pm (market price of output) and gxs. With the
domestic/foreign split of industries, pxs is not necessarily the same as pm due to
compositional effects — the ownership composition of exports may differ from the
output composition. Consequently, the variable pm must be replaced by pxs in the
GTAP equatiorexPRrICES.

E_txs (all,i, TRAD_COMM)(all,s,SOURCE)(all,d,DEST)
IF{VXWD(i,s,d) gt 0,
VXWD(i,s,d)*[pfob(i,s,d)+qgxs(i,s,d)]-
{sum[o,HOME,VXWD_D(i,o0,s,d)*[pxhd(i,o,s,d)+qgxhd(i,o,s,d)]]+
VXWD_DD(i,s,d)*[pxdd(i,s,d)+qgxdd(i,s,d)]}}=
IF{VXWD(i,s,d) le 0,txs(i,s,d)};

This essentially defines the GTAP variable txs as a weighted combination of the
FTAP export tax variables txsd and txhd. However, provided txhd is not shocked
(see preliminaries) txs equals txsd. The equation also ensures that txs is calculated
so that the GTAP FOB price of exports variable pfob (still defined by GTAP
equationexpriCes) will be correct for updating VXWD.

E_atr (all,i, TRAD_COMM)(all,s,SOURCE)(all,d,DEST)
IF{VTWR(,s,d) gt O,
VIWS(i,s,d)*[pcif(i,s,d)+axs(i,s,d)]-
{sum[o,HOME,VIWS_D(i,o,s,d)*[pihldw(i,0,s,d)+gxhd(i,o,s,d)]]+
VIWS_DD(i,s,d)*[pildw(i,s,d)+qgxdd(i,s,d)]}}=
IF{VTWR(i,s,d) le 0,atr(i,s,d)};

This essentially defines the GTAP variable atr as a weighted combination of the
FTAP technical efficiency of international freight variables atsd and athd. However,
provided athd is not shocked (see preliminaries), atr equals atsd. The equation also
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ensures that atr is calculated so that the GTAP CIF price of imports variable pcif
(still defined by GTAP equation FosciF) will be correct for updating VIWS.

E_tms (al,i, TRAD_COMM)(all,s,SOURCE)(all,d,DEST)
I{VIMS(i,s,d) gt 0,
VIMS(i,s,d)* [pms(i,s,d)+axs(i,s,d)] -
{sum[o,HOME,VIMS D(i,0,s,d)*[pihld(i,o,s,d)+gxhd(i,o,s,d)]]+
VIMS_DD(i,s,d)*[pild(i,s,d)+gxdd(i,s,d)]} } =
IF{VIMS(i,s,d) le 0,tms(i,s,d)}

This essentialy defines the GTAP variable tms as a weighted combination of the
FTAP import tariff variables tmsd and tmhs. However, provided tmhs is not
shocked (see preliminaries), tms equals tmsd. The equation also ensures that tms is
calculated so that the GTAP tariff inclusive price of imports variable pms (still
defined by GTAP equation MKTPRICES) Will be correct for updating VIMS.

6.6 Checking equations

Preliminaries

All variables in this section with names starting with ‘check’ should be zero
whenever the (very broad) assumptions of section 6.5 are true. Variable check_pid
should always be zero.

The equations are fairly self-explanatory.

The equations

E_check_qisd (all,i, TRAD_COMM)(all,s,SOURCE)(all,d,DEST)
check_qisd(i,s,d)=gxs(i,s,d)-qgisd(i,s,d);

E_check pisd (all,i,TRAD_COMM)(all,s,SOURCE)(all,d,DEST)
check_pisd(i,s,d)=pms(i,s,d)-pisd(i,s,d);

E_frt (all,, TRAD_COMM)(all,s,SOURCE)(all,d,DEST)
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frt(i,s,d)=pcif(i,s,d)-pfob(i,s,d);

This defines CIF/FOB ratio (variable frt) based on standard GTAP prices.

E_check_frt (al,i, TRAD_COMM)(al,o,HOME)(all,|,HOST)(al,d,DEST)
check_frt(i,o,l,d) = pihldw(i,o,l,d)-pxhd(i,o,l,d)-frt(i,l,d);

This compares GTAP CIF/FOB ratios with FTAP ones.

E_check_pid (all,i,TRAD_COMM)(all,d,DEST)
check_pid(i,d)=pid(i,d)-pim(i,d);

6.7 Firm-level product differentiation

Preliminaries

Industry output is related to firm outputs thus:

v=(srve )

where Y is industry output, N is the number of firms, Y; is the output of firm f and
the elasticity of substitution between firmsis

o =Y(L-p)
Since all firms are of identical size
Y :Yl_NU/(J—l)

Since all firms are assumed to have identical increasing returns to scale production
technology, industry inputs are equal to X=N.X;. So industry output and industry
inputs are related thus:

Y = Yl_xl-a/(a-l) X o/(o-1)
which inlinearised formis
y=y,~0/(o-1)x +0/(c-1).x

Since firms are of fixed size, x,=y,=0.
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The non-CRTS relationship between industry output and industry inputs is
represented in FTAP as endogenous technical efficiency at the industry level.
Industry output efficiency is

y-x=1/(o-1).x
=Yoy

So the élasticity of industry output efficiency, with respect to either industry output

or input, is inversely related to the substitution elasticity between the outputs of
different firms. The interpretation of thisis that the more differentiated firm outputs

are, the more benefit there is (to users of the industry’s output) from having a larger
number of varieties from which to choose. So although the implementation of firm-
level product differentiation may look like a change to the FTAP supply-side
(endogenous technical efficiency), it is really a representation of a demand-side
feature. There is, as noted in footnote 2, an implicit supply-side assumption about
economies of scale in production fiorms, underlying the specification of fixed

firm size. Industry input demand functions, however, are still CRTS, precisely
because of fixed firm size!

The equations

E_altot #Endog tech change from firm choice for FDI industries# (all,i,IND)
altot(i)=-ETECH*x1tot(i)+f_altot(i);

E_ao #Endog tech change from firm choice for purely local industries#

(all,i,TRAD_COMM)(all,r,REG)
ao(i,")=IF{FDI_FLAGA1(i,r)=0,ETECH*qo(i,r)}+f_ao(i,r);

These equations implement the endogenous technical efficiency used to represent
firm-level product differentiation. The first equation covers those industries
spawned by the domestic/foreign split and represented by the set IND. The second
equation covers those industries for which no FDI is represented in the FTAP
database. The variables in the former equation are the industry output efficiency
(variable altot) and industry output (variable x1tot) variables from the CRUSOE
model used to represent the supply-side of FDI industries (chapter 5). The variables
in the latter equation are GTAP variables for industry output efficiency (variable ao)
and industry output (variable gqo). Both equations have slack variables (f_altot and
f ao) to allow the endogenous technical efficiency to be turned-off by a closure

DEMAND SIDEOFFDI 117
DIFFERENTIATED

AR IATe



change. Coefficient ETECH is the elasticity of technical efficiency with respect to
output.8

The negative sign before ETECH in equation E_altot is not a mistake. It has been a
convention in ORANI-type models (and CRUSOE follows this convention) of
setting-up the technical efficiency variables so that a negative shock corresponds to
a productivity improvement.9 GTAP, however, follows the sensible convention of
having a positive shock corresponding to a productivity improvement. Hence there
IS no negative sign in the second equation.

8nthe implementation of firm-level product differentiation given in Francois (1998), the elasticity
with respect to inputsis used. The two approaches yield identical results.

9 This was an inhumane decision that has been a source of considerable sufferi ng over the years.
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7 Anamendment to allocative
efficiency measures

Much of the structure of the FTAP model is very similar to GTAP. In particular,
industry demand functions are identical — intermediates and the primary factor
bundle are in fixed proportion to output, and there is substitution among primary
factors, as well as domestic/import substitution.

While input demands for industries are of an identical form to those in GTAP, the
industry coverage in FTAP is broader due to the domestic/foreign ownership split of
the GTAP industries. In FTAP, what was the demand for an input by a single
industry is now a total across the demands by many industries. The demand is not
the product of behaviour by a single cost minimising agent, but is the consequence
of the actions of many agents.

Consequently the welfare decomposition implemented as part of the GTAP model
may not be valid in FTAP under the redefinition of GTAP industry demand
variables. In particular, allocative efficiency effects may not be correctly measured.
Plainly, allocative efficiency effects can arise from distortions in any of the FTAP
domestic and foreign-owned industries. These distortions differ between domestic
and foreign industries. However, the GTAP based welfare decomposition measures
allocative efficiency as a function of distortions and quantity changes for the more
aggregate (summation across domestic and foreign-owned) GTAP industries.

The GTAP welfare decomposition can be used to correctly quantify allocative
efficiency changes in FTAP by introducing extra equations that express the
redefined GTAP industry demand variables in terms of the superseded GTAP
industry demand functions, subject to changes in technical efficiency. These
changes in technical efficiency, when substituted into the GTAP variable for the
welfare contribution of technical efficiency (variable CNTtechr), provide a measure
of the FTAP allocative efficiency effects not explicitly represented in the GTAP-
based welfare decomposition. A formal description and the implementation of this
approach are presented in section 7.1.

This approach produces a welfare decomposition that works, but the new allocative
efficiency effects are not written in a form in which they are associated with the
distortion producing them, that is, they are not expressed in terms of taxes and
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quantity changes. Further, the welfare effects of any actual changes to technical
efficiency (such as are required for firm level product differentiation) are
confounded with allocative efficiency in the variable CNTtechr.

Consequently, having obtained a welfare decomposition for FTAP that works, it is
highly desirable to algebraically manipulate the decomposition to make it more
transparent. It can be shown that the new allocative efficiency effects subsumed in
CNTtechr are functions of differential output distortions between the domestic and
foreign-owned constituents in each industry group. The derivation of this, and its
implementation in FTAP, are discussed in section 7.2.

7.1 Adapting the GTAP welfare decomposition

Preliminaries

The formal specification of the adaptation of the GTAP welfare decomposition
proceeds as follows. Let X, Y, P and A represent, respectively, the quantity of a
particular industry input, the quantity of industry output, the vector of al input
prices and the vector of technical efficiencies associated with al inputs. The GTAP
equation for X can be written as

X = f(Y,P,A)

If the industry is disaggregated into domestic and foreign-owned, then the GTAP
equation is replaced byl

X=3 X,
Xr = f(Yr’Pr’Ar)

The subscript r represents the owner of the disaggregated FTAP industries.2

The next step is to reintroduce

X = f(Y,P,A)

1 The implementation of the next equation in percentage change form in FTAP is, in fact, not
identical to summation in the levels (see equation E_f_df in section 5.3). But this complication is
merely adistraction for the exposition in this section.

2 The choice of the same input demand function f() is deliberate.
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Y and P are appropriately defined aggregates of their disaggregate counterparts. In
linearised form, using lower case letters for percentage changes and S for shares,
they are expressed as

y=3.S"y
p=3y.5'p,

The corresponding equations in the FTAP implementation (see chapter 5) are E_go
(output) and the E_f_pf* series of equations (input prices).

As there are now two equations for X, A is made endogenous. That is, the level of
‘technical efficiency’ is determined such that the original GTAP input demand
equations are satisfied by the redefined (by summation over domestic and foreign-
owned industries) GTAP input demand variables. Therefore the GTAP welfare
decomposition, built on the GTAP input demand equations, remains valid.

Consequently, the contribution of percentage changes iPAthéo the GTAP
variable CNTtechr — contribution of technical efficiency to welfare — is actually
the contribution to welfare of allocative efficiency not captured in the GTAP
allocative efficiency variable CNTalleffr.

The equations
E_af (all,, TRAD_COMM)(all,j,PROD_COMM)(all,r,REG)
0=IF{FDI_FLAGI1(j,r) ne 0,-gf(i,j,n-af(i,j,r)+qo(j,rn-ao(j,r-
ESUBT()*[pf(i.j.n)-af(i.j.1)-ps(.NI}+
IF{FDI_FLAG1(j,r)=0,af(i,j,n)};

This equation covers intermediate inputs to industries. For those industries that
undergo the domestic/foreign ownership split (the j in r for which FDI_FLAG1(j,r)

is not zero) the GTAP demand equation (that is, the expression inside the first IF =
0) is reintroduced to the model. For other industries the GTAP technical efficiency
variable af is just set to zero.

E_o_gfe (all,,ENDW_COMM)(all,j,PROD_COMM)(all,r,REG)
o_gfe(i,j,n=
-afe(i,j.r)tqva(j,r)-ESUBVA(j)*[pfe(ij.r)-afe(i,j,r)-pva(.n];

E_afe (all,i,ENDW_COMM)(all,j,PROD_COMM)(all,r,REG)
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IF[(EVFAC(i,j,n)=0) or (FDI_FLAGL(j,)=0),afe(i,j,r)]=f_afe(i,j,r)+
IF[(EVFAC(i,j,r) ne0) and (FDI_FLAGI1(j,r) ne0),0_gfe(i,j,r)-afei,j,n];

These equations cover primary factor inputs to industries. A trivial extra step has

been introduced this time, with the introduction of the variable o gfe, but
substituting this into equation E_afe produces the same form as for intermediate

inputs. The value of primary factor use — coefficient EVFA — is also checked in
the conditions inside the IFs, so that variable afe is also set to zero if there is no
primary factor use. This is a trivial difference from the intermediate input case.

7.2 Respecifying the GTAP welfare decomposition

Preliminaries

The technical efficiency variables that are endogenously determined under the
approach of section 7.1 can be expressed in terms of the inputs and outputs of
domestic and foreign-owned industries. Consequently their contributions to welfare

can be expressed in a more conventional form for allocative efficiency effects.

To avoid notational clutter that provides no additional insights, it is assumed
throughout this derivation that no technical efficiency changes occur within the
domestic and foreign-owned industries. The only ‘technical efficiency’ changes are
the de facto allocative efficiency changes being analysed.

The following notation is employe¥.is the purchasers’ value of industry inps.

is the output tax inclusive (GTAP market) value of industry outitis. own or

cross price demand elasticiti@gs the percentage change in industry inpyts.the
percentage change in industry outpudsis the percentage change in technical
efficiency associated with industry inputs. A subscript of i or k runs across all
industry inputs. A subscript of j runs across domestic and foreign-owned industries
within one industry group. A dot in a subscript indicates totalling over that
dimension.
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The following linearised relationships are critical to the current derivation.

W.y = Zjo.yj
Vi X, =3 Vo
Vi =5 VX

0 = Zi\/i-'Eik

The first equation corresponds to FTAP equation E_qo that aggregates the outputs
of domestic and foreign-owned industries into a total industry output based on
market value weights. The second equation is the totalling of inputs across domestic
and foreign-owned industries (for example, equation E_f_gf). The third equation
states that industry output is a share-weighted combination of industry inputs, and is
a consequence of the use of constant returns to scale production functions. The
fourth equation is from the properties of own and cross price elasticities.

A GTAP industry input demand equation in linearised formis
X, +a =y+ ZkEik.(pk, —ak)
Totalling is over al constituent domestic and foreign-owned industries.

By manipulating the four relationships and the GTAP demand equation, it is
possible to derive the following relationship.

Z|VI A =V..y- Z.VIXI + Zk(pk' _ak)'zi\/i-'Eik
- Zl[(V/W)(\NJ /V,J.)—l].\/,j.yj

The right hand side is identical in form to the terms in variable CNTtechr involving

the GTAP technical efficiency variables af and afe. The contribution of ‘technical’
(de facto allocative) efficiency to welfare is proportional to this expression. The
term in square brackets is greater than (equal to/less than) zero if the power of the
output tax on industry j is greater than (equal to/less than) the average power of the
output tax for the industry group. That is, this expression captures the allocative
efficiency gains (losses) from an expansion in the output of the relatively heavily
(lightly) taxed industries within the domestic and foreign-owned industries
producing a particular commodity.
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The equations
E_CNTdlefffdi (All,r,REG)
CNTallefffdi(r)=[0.0L/INCRATIO()]*
sun{i,TRAD_COMM,
[VOA(i,r)/VOM(i,r)* VODMY(i,r)-V ODA(i,r)]* god(i,r)+
sum[o,HOME,
[VOA(i,nN/VOM(i,r)*VOHM(i,o,r)-VOHAC(i,o,n]*qoh(i,o,N]};

The coefficients VODA and VOHA are pre-output tax (GTAP agents’) values of
output for the domestic and foreign-owned industries, respectively, while the
coefficients VODM and VOHM are the values inclusive of output taxes (GTAP
market values). Coefficients VOA and VOM are totals across domestic and foreign-
owned industries. The agents’ values correspond t¥sha the final expression in

the preliminaries, while the market values correspond toAkeThe percentage
changes in the output of domestic and foreign-owned industries — variables god
and qoh, respectively — correspond to yse The contributions for each industry
group, that is, element of TRAD COMM, are summed before scaling by (as
always) 0.01/INCRATIO.

This new allocative efficiency contribution (variable CNTallefffdi) is added to and
subtracted from, respectively, the expressions defining total allocative (variable
CNTalleffr) and total technical (variable CNTtechr) efficiency contributions in
GTAP equations CONT_EV _alleffr and CNT_EV_techr. This corrects for the fact
that in FTAP part of the standard GTAP expression for CNTtechr is de facto
allocative efficiency.
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8 Rentsfrom barriersto services trade
— accounting and welfare
decomposition

Two types of barriers to trade in services are represented in FTAP — barriers to
establishment and barriers to ongoing operation. The direct effects of these barriers
on resource allocation can be represented as taxes. In FTAP, barriers to
establishment are represented as taxes on capital, while barriers to ongoing
operations are represented as taxes on output (that is, on the operation of the foreign
firm domestically) and exports (that is, on the operation of the foreign firm overseas
selling into the domestic market). This is illustrated in table 2.1.

While the incorporation of these taxes adequately represents the allocative effects of
barriers to services trade, two issues need to be dealt with regarding the tax revenue
raised.

First, as the barriers to services trade are not true taxes but impediments such as
rules and regulations, the revenue generated by the taxes used to represent barriers
should not be accounted as part of government revenue, but as rents accruing to
private agent$. This accounting matters in models such as GTAPICM and FTAP
(but not GTAP) where government income is calculated separately from private
income, and income tax rates are endogenised to ensure budget neutrality.

Second, a decision needs to be made as to which private agents obtain the
impediment rents — those in the domestic economy or foreigners. It is possible to
think of non-tax barriers that distribute the rents either way. An auction of the right
to operate in the domestic economy would give the rents to domestic agents.
However, the nature of the barriers actually operating, in banking and
telecommunications, for example, suggests that rents should be allocated to
foreigners based on the following: the barriers restrict supply, thereby raising the
price of the commodity being produced and generating abnormally high returns for
those producers fortunate enough to gain access to the market.

The FTAP equations have been constructed to allow for taxation of impediment
rents in either the home or host region. In current applications of the model, taxation

1 Of course, the government may still recover some of these rents through income taxes.
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occurs in the host region, with the home region receiving only the post-tax
impediment rent.2

For each new foreign income flow spawned by impediment rents, there are three
welfare contribution terms — rate of return, asset price and endowment effect —
after the manner of appendix B.

The parallelism between foreign income flows and welfare decomposition has

influenced the structure of this chapter. Section 8.1 deals with foreign income flows
related to output impediment rents, while section 8.2 describes the corresponding
welfare decomposition. Section 8.3 deals with foreign income flows related to

capital impediment rents, while section 8.4 describes the corresponding welfare
decomposition. Section 8.5 deals with export impediment rents, but these do not
generate any new welfare decomposition terms.

Section 8.6 lists the final form — accounting for all FDI income and impediment
rents — of the national income accounting equations introduced in GTAPICM
(chapter 3).

8.1 Income from output impediments

Preliminaries

Output taxes in the FTAP database represent both genuine taxes and barriers to
services trade. Therefore, it is necessary to distinguish what proportion of output tax
revenue for each industry is actually genuine revenue, and what proportion is
impediment rents. The latter portion must then be distributed to the correct
recipients, and subtracted from the tax revenue equations in the host country.

The equations
E_yanpr (all,r,REG)

yanpr(r)=sum[j, TRAD_COMM,yanpri(j,r)];
E_yanpri (all,i, TRAD_COMM)(all,r,REG)

100*yanpri(i,r)=

2 An exception is noted in section 8.5.
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(1-SHPTAX(i,r))*
{ VOM(i,n*[pm(i,r)+go(i,r)]-
VOA(i,r)*[ps(i,r)+qo(i,n]} -
100 PTAX (i,r)*c_SHPTAX(i,1);

These equations calculate, for each region, the change in total (variable yanpr) and
industry specific (variable yanpri) output impediment rents. The expression inside

the braces on the right hand side of equation E_yanpri is (100 times the change in)

the output tax revenue from industry i in region r — calculated as the difference
between the market and agents’ value of output. The coefficient (actually a
GEMPACK levels variable — see the next equation) SHPTAX(i,r) is the proportion
of that revenue that is genuine tax revenue. In the current implementation of the
model it is hard-wired at 1 for the primary and secondary industries, and 0 for the
tertiary industry via the equation:

FORMULA (Initial) & EQUATION (Levels)
E_c_SHPTAX (all,i,PROD_COMM)(all,r,REG)
SHPTAX(i,")=1-IF[$POS(i,PROD_COMM)=3,1];

This is all that is required for current applications. Note that equation E_yanpri
allows for the future possibility that SHPTAX may vary during the course of a
simulation.

E_yanp_hhi (all,i,TRAD_COMM)(all,s,HOME)(all,d,host)
100*yanp_hhi(i,s,d)=
IF[PHTAX(i,s,d) ne O,
(1-SHPTAX(i,d))*
{ VOHM(i,s,d)*[poh(i,s,d)+qoh(i,s,d)]-
VOHA(i,s,d)*[psh(i,s,d)+qoh(i,s,d)]}-
100*PHTAX(i,s,d)*c_SHPTAX(i,d)];

This equation defines the change in the output impediment rents for all foreign
industries (variable yanp_hhi) by industry, home region (owner) and host region
(location). The expression in braces is (100 times the change in) the output tax
revenue from industry i owned by region s but operating in region d — calculated as
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the difference between market (coefficient VOHM(i,s,d), variable expression
poh(i,s,d)+goh(i,s,d)) and agents’ (coefficient VOHA(i,s,d), variable expression
psh(i,s,d)+qoh(i,s,d)) values of output. Again, coefficient SHPTAX is used to
determine what proportion of this revenue is impediment rents.

E yanp h_ (all,r,REG)
yanp_h_ (n=
IF{HOME_TAX_ANP ne 0,
HOME_TAX_ANP*{
sum[i,TRAD COMM,sum[d,DEST,yanp_hhi(i,r,d)]]-
sum[i,TRAD_COMM,sum[s,HOME,yanp_hhi(i,s,n]]}}+
IF{HOST_TAX_ANP ne 0,
HOST_TAX_ANP*{
sum[i,TRAD_COMM,sum[d,DEST,
[1-TYPR_L(d)]*yanp_hhi(,r,d)-
0.01*ANPTAX_HHI(i,r,d)*TYPR_L(d)*typr(d)]]-
sum[i,TRAD_ COMM,sum[s,HOME,
[1-TYPR_L(r)]*yanp_hhi(i,s,r)-
0.01*ANPTAX_HHI(i,s,n)*TYPR_L(n)*typr(N]1}};

This equation defines the net change in income for region r (variable yanp_h__ (1))
from output impediment rents of industries owned by region r but operating abroad
and industries located in region r but owned by foreigners. It is in this equation that
the taxation of rents in the home versus host country is determined. The first IF
covers taxation in the home country, while the second IF covers taxation in the host
country. In current applications, setting coefficient HOST _TAX_ANP equal to 1
and coefficient HOME_TAX_ANP equal to 0 activates host-based taxation. This is
consistent with the treatment of FDI income arising from normal returns to capital
(section 4.7).

In the first IF statement, income flows in yanp_hhi are just summed. In the second
IF, the property income tax rate is deducted prior to summing (hence the 1-TYPR_L
terms). There are two terms contributing to each income flow under host-based
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taxation. The termsinvolving yanp_hhi are the effects of changes in pre-tax rents on
income received by the home country. The terms involving typr are the effects of
changes in host country property income tax rates on income received by the home
country. The coefficient ANPTAX_HHI (‘(AN’ — abnormal returns; ‘PTAX' — the
coefficient for output tax revenue in GTAP) is the pre-tax output impediment rents.
It equals the output tax revenue — calculated as the difference of market
(coefficient VOHM) and agents’ (coefficient VOHA) values of output — multiplied
by the factor 1-SHPTAX for the host region.

Note that within each IF there are two sums. The first has region r as home region.
It captures the income coming to region r from industries owned by region r but
operating abroad. The second sum has region r as host region and captures the
income outflow from region r due to the repatriation of rents by foreigners.

REVINDT (all,r,REG)
grsub(r) = (RECIP_GRCOMT(r))*sum(i, TRAD_COMM,
SHPTAX(i,r)* [(COSTINP(i,ry*to(i,n)+PTAX(i,r)*(qo(i,r)+pm(i,n)]+
100* PTAX(i,r)*c_SHPTAX(i 1));

The GTAPICM equatiomevINDT is modified (italicised portion) to account for the
fact that not all output tax revenue is genuine — only the proportion indicated by
coefficient SHPTAX.

8.2 Welfare effects of income from output impediments

Preliminaries

As described in appendix B, each foreign income flow gives rise to three welfare
contribution terms — rate of return, asset price and endowment effects. The
equations in this section are the implementation of these effects for output
impediment rents.
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The equations
E_anrro_hhi (all,i, TRAD_COMM)(all,sHOME)(all,d,host)
IF[VFDI_HHI(i,s,d)=0,anrro_hhi(i,s,d)]=
IF[VFDI_HHI(i,s,d)>0,
100%[
IF{HOME_TAX_ANP ne O,HOME_TAX_ANP*yanp_hhi(i,s,d)} +
IF{HOST_TAX_ANP ne O,HOST TAX_ANP*|
[1-TYPR_L(d)]*yanp_hhi(i,s,d)-
0.01* ANPTAX_HHI(i,s,d)* TYPR_L (d)*typr(d)]}]-
{[1-HOST_TAX_ANP*TYPR_L(d)]*
ANPTAX_HHI(i,s,d)* [ pcgds(d)+qfes(i,s,d)] +
VFDI_HHI(i,s,d)*anrro_hhi(i,s,d)}];

For each foreign-owned industry, this equation defines the percentage point change
in the abnormal component of the rate of return to capital (variable anrro_hhi),
which is calculated from output impediment rents considered as a return on the asset
value of the capital stock associated with the industry (coefficient VFDI_HHI(i,s,d),
variable expression [pcgds(d)+agfes(i,s,d)]). It defines the rate of return implicitly by
equating (in linearised form) the rents (the terms on the right hand side inside the
square brackets that are pre-multiplied by 100) with the rate of return times the asset
value, after the manner of appendix B. Note the use of the coefficients
HOME _TAX_ ANP and HOST_TAX_ANP to correctly apply property income tax
rates (coefficient TYPR L, variable typr) to pretax rents (coefficient
ANPTAX HHI, variable yanp _hhi) for host-based taxation. This is the current
default, so anrro_hhi is a post-tax rate of return.

E_CNTanto_hhi (all,i,TRAD_COMM)(all,s; HOME)(al,d,host)
CNTanto_hhi(i,s,d)=
[.OLINCRATIO(S)]*VFDI_HHI(i,s,d)*anrro_hhi(i,s,d);

E_CNTanpo_hhi (all,i, TRAD_COMM)(all,s HOME)(all d,host)
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CNTanpo_hhi(i,s,d)=
[.OLVINCRATIO(9)]*[1-HOST_TAX_ANP*TYPR_L(d)]*
ANPTAX_HHI(i,s,d)* pcgds(d);

E_CNTango_hhi (al,i, TRAD_COMM)(all,s HOME)(al,d,host)
CNTango_hhi(i,s,d)=
[.LOVINCRATIO(9)]*[1-HOST_TAX_ANP*TYPR_L(d)]*
ANPTAX_ HHI(i,s,d)*gfes(i,s,d);

These three equations define, for each foreign-owned industry, the rate of return,
asset price and endowment effect welfare contributions to the home region from
output impediment rents. The equations basically take the terms whose sum is
equated with impediment rentsin equation E_rro_hhi:

VFDI_HHI(i,s,d)*anrro_hhi(i,s,d)
[1-HOST _TAX_ANP*TYPR_L(d)]*ANPTAX_HHI(i,s,d)* pcgds(d)
[1-HOST _TAX_ANP*TYPR_L(d)]*ANPTAX_HHI(i,s,d)*gfes(i,s,d)

and pre-multiplies them by the factor [.OL/INCRATIO(s)] to convert them to
welfare contributions.

E CNTanto h__ (al,r,REG)
CNTanto_h_ (=
sum[i,TRAD_COMM,sum[d,DEST,CNTanto_hhi(i,r,d)]]-
[/INCRATIO(N]*
sum[i,TRAD_COMM,sum[s,HOME,
INCRATIO(s)* CNTanto_hhi(i,s,r)]];
E CNTanpo h (al,r,REG)
CNTanpo_h_(n)=
sum[i,TRAD_COMM,sum[d,DEST,CNTanpo_hhi(i,r,d)]]-

[1/INCRATIO(N)]*
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sum[i,TRAD_COMM,sum[s,HOME,
INCRATIO(s)* CNTanpo_hhi(i,s,n]];
E CNTango_h__ (al,r,REG)
CNTango _h_(n)=
sum[i,TRAD_COMM,sum[d,DEST,CNTanqgo_hhi(i,r,d)]]-
[VINCRATIO(n)]*
sum[i,TRAD_COMM,sum[s,HOME,
INCRATIO(s)* CNTanqgo_hhi(i,s,n]];

These equations define, respectively, the total rate of return, asset price and
endowment effect welfare contributions from output impediment rents. Each
eguation involves two sums. The first is over the contributions from those rents
where region r is the home region, that is, the recipient of the rents. It is a straight
sum of the previous CNT*_hhi variables. The second sum is over the contributions
from those rents where region r is the host region, that is, where an outflow of rents
occurs. Since the previous CNT*_hhi variables are defined as contributions to
welfare with respect to the home region, they need to be scaled in the second sum
by INCRATIO(S)/INCRATIO(r) to convert them to host region contributions.

8.3 Income from capital impediments

Preliminaries

Since al industry specific taxes on capital in the GTAP database are zero, capital
taxes in the FTAP database represent only barriers to establishment. These must be
distributed to the correct recipients, but adjustments to the tax revenue equations in
the host country are not necessary because of a happy accident in the
implementation sequence.

The government revenue accounting equations were taken from McDougall (1993b)
during the construction of GTAPICM. These equations did not allow for industry
specific capital taxes, so the revenue from such taxes was not represented in the
government revenue accounting equations. When capital impediments were added,
they were represented through the GTAP structure, which allowed for industry
specific capital taxes but did not distinguish government and private income. It was
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thus only necessary to add the industry specific capital taxes (de facto impediment
rents) to nationa and private income (section 8.6) without adjustment to
government revenue accounting.

The equations

E yankr (al,r,REG)
yankr(r)=sum[j,TRAD_COMM,yankri(j,r)];

E_yankri (al,j, TRAD_COMM)(dl,r,REG)
100* yankri(j,r=
sum{i,ENDWC_COMM,EVFA(i,j,n)*[pfe(i,j,r)+qfei,j,r]-

VEM(i,j,n*[rp(,0+afedi,j,n};

These equations calculate, for each region, the change in total (variable yankr) and
industry specific (variable yankri) capital impediment rents. The sum on the right

hand side of equation E_yankri is (100 times the change in) the industry specific

capital tax revenue for industry j in region r. This is calculated as the difference
between the agents’ and market value of capital, the function of the sum being just
to pick out the capital input (i in the single element set
ENDWC_COMM={capital}) to industry j.

Since all industry specific taxes on capital in the GTAP database are zero, the only
industry specific taxes on capital in the FTAP database are those representing
capital impediments. So for the present implementation of FTAP, no coefficient has
been introduced to specify what portion of the capital tax revenues are impediment
rents (since it is always 100 per cent). This contrasts with the case of output
impediments (section 8.1).

E_yank_hhi (all,i,TRAD_COMM)(all,s,HOME)(all,d,host)
100*yank_hhi(i,s,d)=EVIFAS(i,s,d)*[pfesa(i,s,d)+qfes(i,s,d)]-
EVIFMS(i,s,d)*[rps(i,s,d)+qfes(i,s,d)];

This equation defines the change in the capital impediment rents for all foreign
industries (variable yank_hhi) by industry, home region (owner) and host region
(location). The expression in braces is (100 times the change in) the capital tax
revenue from industry i owned by region s but operating in region d — calculated as
the difference between agents’ (coefficient EVIFAS(i,s,d), variable expression
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pfesa(i,s,d)+gfes(i,s,d)) and market (coefficient EVIFM(i,s,d), variable expression
rps(i,s,d)+gfes(i,s,d)) values of capital.

E yank h_(al,r,REG)
yank_h_ (n)=
IF{HOME_TAX_ANK neO0,
HOME_TAX_ANK*{
sum[i,TRAD_COMM,sum[d,DEST ,yank_hhi(i,r,d)]]-
sum[i, TRAD_COMM ,sum[s,HOME,yank_hhi(i,s,n]]}} +
IF{HOST_TAX_ANK ne0,
HOST_TAX_ANK*{
sum[i,TRAD_COMM,sum[d,DEST,
[1-TYPR_L(d)]*yank_hhi(i,r,d)-
0.01* ANKTAX_HHI(i,r,d)*TYPR_L (d)*typr(d)]]-
sum[i,TRAD_COMM,sum[s,HOME,
[1-TYPR_L(n]*yank_hhi(i,sr)-
0.01* ANKTAX_HHI(i,s)*TYPR_L(N*typr(N]1}};

This equation defines the net change in income for region r (variable yank_h__(r))
from capital impediment rents of industries owned by region r but operating abroad
and industries located in region r but owned by foreigners. It isin this equation that
the taxation of rents in the home versus host country is determined. The first IF
covers taxation in the home country, while the second |F covers taxation in the host
country. In current applications, setting coefficient HOST_TAX_ANK equal to 1
and coefficient HOME_TAX_ANK equal to 0 activates host-based taxation. Thisis
consistent with the treatment of FDI income arising from normal returns to capital
(section 4.7).

In the first IF statement, income flows in yank _hhi are just summed, while in the
second |F statement the property income tax rate is deducted prior to summing
(hencethe 1-TYPR_L terms). There are two terms contributing to each income flow
under host-based taxation. The terms involving yank_hhi are the effects of changes
in pre-tax rents on income received by the home country. The terms involving typr
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are the effects of changes in host country property income tax rates on income
received by the home country. The coefficient ANKTAX_HHI (AN’ — abnormal
returns; ‘KTAX' — represented as capital tax revenue) is the pre-tax capital
impediment rents. It equals the capital tax revenue — calculated as the difference of
agents’ (coefficient EVIFAS) and market (coefficient EVIFMS) values of capital.

Note that within each IF statement, there are two sums. The first has region r as
home region. It captures the income coming to region r from industries owned by
region r but operating abroad. The second sum has region r as host region and
captures the income outflow from region r due to the repatriation of rents by
foreigners.

8.4 Welfare effects of income from capital impediments

Preliminaries

As described in appendix B, each foreign income flow gives rise to three welfare
contribution terms — rate of return, asset price and endowment effects. The
equations in this section are the implementation of these effects for capital
impediment rents.

The equations
E_anrrk_hhi (all,i,TRAD_COMM)(all,s,HOME)(all,d,host)
IF[VFDI_HHI(i,s,d)=0,anrrk_hhi(i,s,d)]=
IF[VEDI_HHI(i,s,d)>0,
1007
IF{HOME_TAX_ANK ne 0,HOME_TAX_ANK*yank_hhi(i,s,d)}+
IF{HOST_TAX_ANK ne 0,
HOST_TAX_ANK*{
[1-TYPR_L(d)]*yank_hhi(i,s,d)-
0.01*ANKTAX_HHI(i,s,d)*TYPR_L(d)*typr(d)}}]-

{[1-HOST_TAX_ANK*TYPR_L(d)J*
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ANKTAX_HHI(i,s,d)*[pcgds(d)+qgfes(i,s,d)] +
VFDI_HHI(i,s,d)*anrrk_hhi(i,s,d)}];

For each foreign-owned industry, this equation defines the percentage point change
in the abnormal component of the rate of return to capital (variable anrrk_hhi),
which is calculated from capital impediment rents considered as a return on the
asset value of the capital stock associated with the industry (coefficient
VFDI_HHI(i,s,d), variable expression [pcgds(d)+gfes(i,s,d)]). It defines the rate of
return implicitly by equating (in linearised form) the rents (the terms on the right
hand side inside the square brackets that are pre-multiplied by 100) with the rate of
return times the asset value, after the manner of appendix B. Note the use of the
coefficients HOME_TAX_ANK and HOST_TAX_ANK to correctly apply property
income tax rates (coefficient TYPR_L, variable typr) to pre-tax rents (coefficient
ANKTAX _HHI, variable yank_hhi) for host-based taxation. This is the current
default, so anrrk_hhi is a post-tax rate of return.

E_CNTanrr_hhi (all,i,TRAD_COMM)(al,s,HOME)(all,d,host)
CNTanrr_hhi(i,s,d)=
[.OVINCRATIO(s)]* VFDI_HHI(i,s,d)*anrrk_hhi(i,s,d);

E_CNTanpk_hhi (al,i, TRAD_COMM)(all,s HOME)(all,d,host)
CNTanpk_hhi(i,s,d)=
[.OL/INCRATIO(S)]*[1-HOST _TAX_ANK*TYPR_L(d)]*
ANKTAX _HHI(i,s,d)* pcgds(d);

E_CNTanend_hhi (al,i,TRAD_COMM)(all,s,HOME)(all,d,host)
CNTanend_hhi(i,s,d)=
[.OVINCRATIO(9)]*[1-HOST_TAX_ANK*TYPR_L(d)]*
ANKTAX HHI(i,s,d)*gfes(i,s,d);

These three equations define, for each foreign-owned industry, the rate of return,
asset price and endowment effect welfare contributions to the home region from
capital impediment rents. The equations basically take the terms whose sum is
equated with impediment rentsin equation E_rrk_hhi:

VFDI_HHI(i,s,d)*anrrk_hhi(i,s,d)
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[1-HOST_TAX_ANK*TYPR_L(d)]* ANKTAX_HHI(i,s,d)* pcgds(d)
[1-HOST TAX_ANK*TYPR_L(d)]* ANKTAX_HHI(i,s,d)* gfes(i,s,d)

and pre-multiplies them by the factor [.OL/INCRATIO(s)] to convert them to
welfare contributions.

E CNTanrr_h__ (al,r,REG)
CNTanrr_h_ (r)=
sum[i,TRAD_COMM,sum[d,DEST,CNTanrr_hhi(i,r,d)]]-
[/INCRATIO(N]*
sum[i,TRAD_COMM,sum[s,HOME,
INCRATIO(s)* CNTanrr_hhi(i,s,r)]];
E CNTanpk_h (al,r,REG)
CNTanpk_h_(n)=
sum[i,TRAD_COMM ,sum[d,DEST,CNTanpk_hhi(i,r,d)]]-
[/INCRATIO(N]*
sum[i,TRAD_COMM,sum[s,HOME,
INCRATIO(s)* CNTanpk_hhi(i,s,N]];
E CNTanend h __(al,r,REG)
CNTanend h_(n)=
sum[i,TRAD_COMM ,sum[d,DEST,CNTanend_hhi(i,r,d)]]-
[/INCRATIO(N]*
sum[i,TRAD_COMM,sum[s,HOME,
INCRATIO(s)* CNTanend_hhi(i,s,n]];

These equations define, respectively, the total rate of return, asset price and
endowment effect welfare contributions from capital impediment rents. Each
equation involves two sums. The first is over the contributions from those rents
where region r is the home region, that is, the recipient of the rents. It is a straight
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sum of the previous CNT*_hhi variables. The second sum is over the contributions
from those rents where region r is the host region, that is, where an outflow of rents
occurs. Since the previous CNT*_hhi variables are defined as contributions to
welfare with respect to the home region, they need to be scaled in the second sum
by INCRATIO(s)/ INCRATIO(r) to convert them to host region contributions.

8.5 Income from export impediments

Preliminaries

Barriers to ongoing operations are represented as export taxes as well as output
taxes, as they may inhibit both the operation of foreign firms in the domestic market
and the operation of foreign firms exporting into the domestic market.

The magnitude of the export tax is determined by the size of the barriers to ongoing
operation in the destination region.

The representation as an export tax in the source region rather than an import tariff
in the destination region (that imposes the barrier) automatically directs the
impediment rents (captured in the export tax revenue) to the home region.3

The portion of export tax revenue that is impediment rents is taxed at the property
income tax rate. The post-tax value is transferred from government revenue to
private income through a government transfer variable already in the model from
the GTAPICM extension. Thus no adjustment to government revenue accounting
equations is necessary to account for export taxes that are de facto private income.

The equations
E d ughr_(al,r,REG)
d_ughr_(r)=d_ughr(r)+
sum[i,TRAD_COMM,sum[d,DEST,
(1-SHXTAXD(,r,d))*

{VXWD(i,r,d)*[pfob(i,r,d)+gxs(i,r,d)]-

3 Thisisidentical to the representation of the Multifibre Arrangement in the GTAP database.
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VXMD(,r,d)*[pxs(i,r,d)+gxs(i,r,d)]} -
100* XTAXD(i,r,d)*c_ SHXTAXD(i,r,d)]];

This equation determines the government to private transfers necessitated by the
impediment rents contained within export tax revenues.

The GTAPICM equations HHOLD_INCOME and GOVT_CURRNT_OUTLS have two
variables associated with them — ughr and d_ughr — which permit transfers from
government revenue to private income to occur. The first variable is a percentage
change variable (linked to the nominal household pre-transfer income variable yhvr
and an exogenous shift variable fughr), the second a change variable. To permit the
transfer of endogenously determined amounts of revenue, d_ughr is replaced
throughout the model code with d_ughr_. Equation E_d_ughr_ sets d_ughr_ equal
to d_ughr plus the endogenous component of transfers, which is the proportion of
export tax revenue representing post-tax impediment rents. Thus d_ughr continues
to fulfil its role as an exogenous transfer variable.

Tax revenues on exports of commodity i from region r to region d (coefficient
XTAXD(i,r,d)) are calculated in linearised form in equation E_d_ughr_ as world
(coefficient VXWD(i,r,d), variable expression pfob(i,r,d)+qgxs(i,r,d)) minus market
(coefficient VXMD(i,r,d), variable expression pxs(i,r,d)+gxs(i,r,d)) values of
exports. The proportion of export tax revenue that is genuine is specified by the
coefficient SHXTAXD. In the current FTAP database, all export taxes on the
primary and secondary commodities are genuine, while all export taxes on the
tertiary commodity are impediment rents. Therefore, SHXTAXD is constant at 1 for
the primary and secondary commodities, and is equal to the property income tax
rate for the tertiary commodity, thus:

FORMULA (Initial) (all,i, TRAD_COMM)(all,s,SOURCE)(all,d,DEST)
SHXTAXD(i,s,d)=1-IF[$POS(i, TRAD_COMM)=3,1-TYPR_L(S)];

EQUATION E_c_SHXTAXD

(all,i, TRAD_COMM)(all,s,SOURCE)(all,d,DEST)
c_SHXTAXD(i,s,d)=0.01*TYPR_L(s)*typr(s);

In contrast to output and capital impediment rents (sections 8.1 and 8.3,
respectively), the export impediment rents are taxed in the home (source) rather
than host (destination) region (note the s region specifier on the right hand side of
equation E_c_SHXTAXD). However, if it is reasonable to represent impediments
as export taxes, this assumption about taxes on the impediment rents seems the only
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reasonable one. The export impediment rents are generated within the home region
rather than within the host region, so how would the host region taxation system
access them?

8.6 National income equations

Preliminaries

In section 4.7 it was indicated that certain GTAPICM income accounting equations
need to be modified each time new foreign income terms are added, and that the
final form of these equations would be presented in this section after the addition of
al international income flows.

The equations
NATL_INCOME # national income, by region # (all,r,REG)
Y CR(r)*[y_r(r)-incomeslack(r)]
= YENT(r)*yfn(r) + YCR(r)*qyir(r)+
100*yankr(r)+100*yank h_ (r)+
100*yanpr(r)+100*yanp_h__ (r)+
+ YCITR(N*y_r(r) + GRCOMT(r)*rc(r) + 100*yfdi_h (r);
PROPY _INCOME # property income, by region # (all,r,REG)
Y CHHPPR(r)* yhpr(r) =100* yankr(r)+100*yank h (r)+
100*yanpr(r)+100*yanp_h__(r)+
Y CEQR(r)*yer(r) + YCHHDPR(r)*qyhir(r) + YCHHITR(r)* yhdr(r) +
100*yfdi_h__(r);

These equations, without the italicised terms, were introduced in the GTAPICM
extension (chapter 3). FDI income, and output and capital impediment rents, must

be added to both equations. FDI income is easy — just add the yfdi_ h  term
(defined by equation E_yfdi_h__ in section 4.7) to each equation. The impediment
rents are subtler, but the construction of the equations is best conceived as follows.
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All impediment rents generated in a region (variable yanpr for output, variable
yankr for capital) are added to income. Then the impediment rents that are gained
(lost) from investment abroad (to foreign investors) are added to (subtracted from)
income. The variables yanp h__ and yank_h  represent the net value of these
gains and losses for output and capital impediment rents, respectively.

The dack variable incomeslack, familiar from original GTAP, is added to allow
partial equilibrium closures to be used with FTAP if desired.

E yoit (al,r,REG) yoit(r)=
IF{HOST_TAX_ANP ne0,
HOST_TAX_ANP*{
-sum[i,TRAD_COMM,sum[d,DEST,
[1-TYPR_L(d)]*yanp_hhi(i,r,d)-
0.01* ANPTAX_HHI(i,r,d)*TYPR_L(d)*typr(d)]]
+sum[i,TRAD_COMM,sum[s,HOME,
[2-TYPR_L(n)]*yanp_hhi(i,s,r)-
0.01* ANPTAX_HHI(i,s,r)* TYPR_L(n)*typr(nN]1}};
E_ykit (al,r,REG) ykit(r)=
IF{HOST_TAX_ANK ne0,
HOST_TAX_ANK*{
-sum[i,TRAD_COMM,sum[d,DEST,
[1-TYPR_L(d)]*yank_hhi(i,r,d)-
0.01* ANKTAX_HHI(i,r,d)* TYPR_L (d)*typr(d)]]
+sum[i,TRAD_COMM,sum[s,HOME,
[2-TYPR_L(n)]*yank_hhi(i,s,r)-
0.01* ANKTAX_HHI(i,sn)*TYPR_L(nN*typr(N]1}};

E_yhprtax # property income which is taxed # (all,r, REG)
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Y CHHPPRTAX(r)* yhprtax(r)=
Y CHHPPR(r)* yhpr(r)-+100* [yoit(r)+ykit(r)-yfdi_h__(n)];

The first two equations determine adjustments (variables yoit and ykit) that must be

made to property income before it is taxed in order to eliminate double taxation of

output and capital impediment rents, respectively. Note that both yoit and ykit are

zero under home-based taxation of impediments. But when impediment rents are

taxed in the host region, yoit and ykit must be added to property income to
determine the correct property income tax base (coefficient YCHHPPRTAX,
variable yhprtax). The third equation calculates this property income tax base by
subtracting FDI income (which is taxed in the host region — see section 4.7) from
total property income (coefficient YCHHPPR, variable yhpr) and then adding the
adjustments for output and capital impediment rents.
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9 Miscellaneous equations

This section captures all the leftovers — equations such as definitions, equations
that perform checking functions on income accounting, or equations that merely
make some results easy to view.

Section 9.1 covers the equations for GTAPICM.

Some of the variable definitions introduced in GTAPICM required modification if

they were to be valid for FTAP. Sometimes these modifications were done,
sometimes not, depending on which variable definitions were found useful when
analysing FTAP policy simulations. Where relevant, the required or actual change
to a GTAPICM equation is indicated by a bold GEMPACK comment alongside the
equation name. Section 9.2 lists the adaptations for FTAP of GTAPICM definitions.

Section 9.3 lists other miscellaneous FTAP equations, grouped according to their
functions.

9.1 Miscellaneous equations for GTAPICM

There are a number of miscellaneous equations that form part of the ICM extension.
These specify definitional variables that are not used in the behavioural equations of
the model, but which are useful when interpreting simulation results.

This group of equations begins with four equations that define firms’ demand for
endowment commodities in each region:

E_qgfel (all,,LABOR)(all,j,PROD_COMM)(all,r,REG)
afel(l,j.r) = afe(lj.r);
E_gfek (all,j,PROD_COMM)(all,r,REG)

gfek(j,r) = sum(k, ENDWC_COMM, qgfe(k,j,);
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E_gfen (all,j,PROD_COMM)(al,r,REG)
gfen(j,r) = sum(n, LAND, gfe(n,j,r));
E_gfenr (al,j,PROD_COMM)(all,r,REG)
gfenr(j,r) = sum(nr, NATRES, gfe(nr,j,1));

where gfel(l,j,r), gfek(j,r), gfen(j,r) and gfenr(j,r) is the demand for labour, capital,
land and natural resources, respectively, by industry j in region r, and
PROD_COMM isthe set of produced commodities.

Equation E wr defines the rea post-tax wage rate in each region wr(r) as the
nominal post-tax wage rate deflated by the price index for private household
consumption in each region:

E wr (al,r,REG)
wr(r) = w(r) - ppriv(r);

Vaue added in each region qvar(r) is a share-weighted sum of value added in all
industries in each region, as defined by equation E_qvar:

E gvar! Altered in section 9.2!

(al,r,REG)
sum(j,PROD_COMM, VVA(j,n)*qvar(r) =
sum(i,PROD_COMM, VVA(i,nN*qva(i,r));

where VVA(j,r) is the coefficient form of the agent’s (or post-tax) price value of
value added in industry j in region r, and gva(i,r) is the quantity of value added in
industry i in regionr.

Equation GDPFACTCOST defines gross domestic product at factor cost in each
region gdpfc(r), as the share-weighted sum of all factor income in each region:
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GDPFACTCOST (all,r,REG)
gdpfc(r) =
SLGDP(r)* (w(r) + It_(1)) +
sum(i, TRAD_COMM, SKGDP(i,r)* (rp(i.r) + kk(i,r))) +
SMGDP(r)* (rm(r) + mt(r)) + SNGDP(r)* (nrp(r) + nru(r));

where SLGDP(r), SMGDP(r) and SNGDP(r) are coefficients representing the
market (or pre-tax) price share of labour income, land income and natural resource
income, respectively, in gross domestic product at factor cost in region r, and
SKGDP(i,r) is a coefficient representing the market (or pre-tax) price share of
capital income from industry i in region r, in gross domestic product at factor cost in
regionr.

National consumption expenditure in each region ecr(r) is the sum of private
household consumption expenditure and government consumption expenditure in
each region, as defined by equation NATL_CONSN_EXPRE:

NATL_CONSN_EXPRE (al,r,REG)
EPCSR(r)*ecr(r) =
PRIVEXP(r)*yp(r) + GOV EXP(r)* zg(r);

The national savings ratio in each region is defined by the equation
NAT_SAVINGS:

NAT_SAVINGS (al,r,REG)
Y CR(r)*qysr(r) + SVR(r)*y_r(r) =
Y CHHDPR(r)*qyhsr(r) + SVT(r)*yhdr(r) +
RCGVR(r)*grgsr(r) +SPGVR(r)* rgr(r);

where qysr(r) is the (absolute change in the) ratio of savings to income in region r.
Thus, the change in national savings in each region (the left side of equation
NAT_SAVINGS) is made up of the change in household savingsin each region (the
first and second terms on the right hand side) plus the change in government
savings in each region (the third and fourth terms on the right hand side).
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Real private household consumption in each region ctr(r) is equal to nominal private
household consumption deflated by the private household consumption index in
each region:

REALCONS (all,r,REG)

ctr(r) = yp(r) - ppriv(r);

Nominal investment in each region invt(r) is equal (in levels) to the price multiplied
by the quantity of investment in each region:

AGGINV (al,r,REG)

invt(r) = pcgds(r) + qcgds(r);

Real household disposable income in each region ydr(r) is nominal household
disposable income deflated by the private household consumption index in each
region:

REALDISPY (al,r,REG)

ydr(r) = yhdr(r) - ppriv(r);

The size of the budget deficit relative to gross domestic product in each region is
captured by the ratio of the government current account surplus to gross domestic
product in each region:

RATIO_GCUAS _GDP (al,r,REG)
GDP(r)*gcass(r) + SPGVR(r)*gdpn(r) =
RCGVR(r)*grgsr(r) + SPGVR(r)*rgr(r);

where GDP(r) is the GTAP coefficient for the value of gross domestic product in
region r, gcass(r) is the (absolute change in the) ratio of the government current
account surplus to nominal gross domestic product in region r, and gdpn(r) is
nominal gross domestic product in region r. Equation RATIO_GCUAS GDP says
that the change in the government current account surplus in each region (the left
hand side) is equal to the change in government savings in each region (the right
hand side).

Standard GTAP has no inter-regiona capital mobility and thus al income from
capital accrues to the region in which the capital islocated. In this case, the balance
of payments, which must always equal zero, is the sum of net capital inflow (net (of
depreciation) savings less investment) and the balance of trade or net exports
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(exports less imports). Allowing capital mobility gives each region a new source of
(foreign) income from capital that is located outside its borders, but in which it has
an indirect share. In this case, income from abroad must be added to net capital
inflow and net exports in order to correctly specify the balance of payments.

The first component of the balance of payments in each region is the balance of
trade (or net exports) in that region:

RATIO BAL_TRADE_GDP (dl,r,REG)
GDP(r)*bts(r) + BTL(r)*gdpn(r) =
VXWREGION(r)*vxwreg(r) - VIWREGION(r)* viwreg(r);

where bts(r) is the (absolute change in the) ratio of the balance of trade to nominal
gross domestic product in region r, BTL(r) is the coefficient form of the balance of
trade in region r, VXWREGION(r) and vxwreg(r) are the GTAP coefficient and
variable form, respectively, of the fob world price value of exports in region r, and
VIWREGION(r) and viwreg(r) are the GTAP coefficient and variable form,
respectively, of the cif world price value of importsin regionr.

The second component of the regional balance of payments is regional net capital
inflow:

RATIO_NET_CAPL_INFLW (dl,r,REG)
VDEP(r)*depr(r) + YCR(r)*qysr(r) + SVR(r)*y_r(r) +
GDP(r)*nkis(r) + NCIL(r)*gdpn(r) =
REGINV (n)*invt(r);

where nkis(r) is the (absolute change in the) ratio of net capital inflow to nominal
gross domestic product in region r, and NCIL(r) is the coefficient form of net capital
inflow in region r. Equation RATIO NET _CAPL_INFLW says that net capital
inflow in each region is equal to net (of depreciation) investment less savings, in
each region.

The ‘new’ and final component of the regional balance of payments is net (interest)
income from abroad:

RATIO_YCAB_GDP (all,r,REG)

GDP(r)*nyas(r) + YCITR(r)*gdpn(r) = YCR(r)*qyir(r) + YCITR(r)*y_r(r);
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where nyas(r) is the (absolute change in the) ratio of net income from abroad to
nominal gross domestic product in regionr.

Together these three components specify the (absolute change in the) balance of
payments in each region (bop(r)):

E bop! Altered in section 9.2! (all,r,REG)
bop(r) = bts(r) + nyas(r) + nkis(r);

Nominal gross national expenditure in each region gne(r) is a share-weighted sum
of (nominal) private household expenditure, (nominal) government expenditure and
(nominal) investment in each region:

GROSS_NATL_EXPRE (al,r,REG)
GNEL(r)*gne(r) =
PRIVEXP(r)*yp(r) + GOVEXP(r)*zg(r) + REGINV (r)*invt(r);

where GNEL(r) is the coefficient form of the value of gross national expenditure in
regionr.

The price index for gross national expenditure in each region gnepi(r) is a share-
weighted sum of the prices of each of the components of gross national expenditure
in each region:

PRICE_INDX_GNE (al,r,REG)
GNEL (r)*gnepi(r) =
PRIVEXP(r)*ppriv(r) + GOVEXP(r)* pgov(r) + REGINV (r)* pcgds(r);

Real gross national expenditure in each region gner(r) is a share-weighted sum of
the components of real gross national expenditure in each region:

REAL_GNE (dl, r, REG)
GNEL (n)*gner(r) =
PRIVEXP(r)*ctr(r) + GOVEXP(r)*ug(r) + REGINV (r)* qcgds(r);

Expenditure on gross domestic product in each region gdpe(r) is a share-weighted
sum of nominal private household consumption, nominal government consumption,
nominal investment, and nominal net exports in each region:
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EXPRE_GDP (al,r,REG)
GDP(r)* gdpe(r) =
PRIVEXP(r)*yp(r) + GOVEXP(r)*zg(r) + REGINV (r)*invt(r) +
VXWREGION(r)*vxwreg(r) - VIWREGION(r)* viwreg(r);

Note that gdpe(r) is identical to the GTAP variable for the value of gross domestic
product vgdp(r).

Similarly, the price index for gross domestic product in each region (gdppi(r)) is a
share-weighted sum of the prices for private household consumption, government
consumption, investment and net exports:

PRICE_INDEX_GDP (al,r,REG)
GDP(r)* gdppi(r) =
PRIVEXP(r)* ppriv(r) + GOVEXP(r)* pgov(r) + REGINV (r)* pcgds(r) +
VXWREGION(r)* pxwreg(r) - VIWREGION(r)* piwreg(r);

where pxwreg(r) and piwreg(r) are the GTAP variables for the price index for
exports and imports, respectively, in region r. Note that gdppi(r) is identical to the
GTAP variable for the price index for gross domestic product pgdp(r).

Real gross domestic product in each region gdpr(r) is the share-weighted sum of the
real components of gross domestic product in each region:

REAL_GDP (al,r,REG)
GDP(r)*gdpr(r) =
PRIVEXP(r)*ctr(r) + GOVEXP(r)*ug(r) + REGINV (r)* qcgds(r) +
VXWREGION(r)* gxwreg(r) - VIWREGION(r)* giwreg(r);

where gxwreg(r) and giwreg(r) are the GTAP variables for real exports and real
imports, respectively, in region r. Note that gdpr(r) isidentical to the GTAP variable
for the quantity index for gross domestic product ggdp(r).

Nominal gross domestic product in each region gdpn(r) is set equal to the GTAP
variable for nominal gross domestic product in each region vgdp(r):
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GROSS DOMC_PRODT (all,r,REG)

gdpn(r) = vgdp(r);

Gross national product in each region now diverges from gross domestic product
due to income earned from abroad:

GROSS _NATL_PRODT ! Add FDI income flowsfor FTAP - NOT DONE !
(al,r,REG)

GNPL(r)*gnp(r) =

GDP(r)*gdpn(r) + GDP(r)*nyas(r) + Y CITR(r)* gdpn(r);

where GNPL(r) and gnp(r) is the coefficient and variable form, respectively, of
gross national product in region r. Thus, the change in gross national product in
each region (the left hand side of equation GROSS NATL_PRODT) is equal to the
change in nominal gross domestic product in each region (the first term on the right
hand side of equation GROSS NATL_PRODT) plus the change in net income from
abroad in each region (the second and third terms on the right hand side of equation
GROSS _NATL_PRODT).

One of the unique features of GTAP is the comprehensive welfare decomposition.
This welfare indicator is written in terms of $US million. It is converted from the
GTAP measure of utility u(r). A similar indicator of welfare, ie real income in each
region yr_r(r), is included in the ICM extension. This is defined as (nominal)
income in each region, deflated by the consumption price index in each region:

REAL_NATL_INCOME (all,r,REG)

y_r(r) =iper(r) + yr_r(r);

This indicator of welfare is very similar to the GTAP measure of real income. The
only difference is the deflator used for savings in defining a national consumption
price index. GTAP uses the price of savings to deflate savings in defining a national
consumption price index. GTAPICM, however, (incorrectly) uses the price of
investment. Apart from this difference, the two measures of real income (and hence
welfare) are identical.

A number of useful global variables are also defined. World nominal income is a
share-weighted average of income in each region:
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WORLD_INCOME
Y C*yn = SUM(r,REG, YCR(r)*y_r(n));

where YC and yn are the coefficient and variable forms, respectively, of world
income.

World real income (yr) is equa to world nominal income deflated by the world
consumption price index:

WORLD_REAL_INCOME
yn=ipc + yr;

World gross product is the share-weighted sum of gross domestic product in all
regions:

WORLD_GROSS PRODCT
WGPL*wgp = sum(r,REG, GDP(r)* gdpn(r));

where WGPL and wgp is the coefficient and variable form, respectively, of world
gross product.

Similarly, world net income from abroad is the share-weighted sum of net income
from abroad in al regions:

WORLD_NET_Y_ABROAD
WGPL*wnyas + Y CIT*wgp =
sum(r,REG, GDP(r)*nyas(r)) + sum(r,REG, Y CITR(r)*gdpn(r));

where wnyas is the (absolute change in the) ratio of world net income from abroad
to world gross product, and YCIT is the coefficient form of world net interest
income. To maintain the starting database condition that world net interest income
equals zero, the post-ssimulation value of the variable wnyas should also aways
equal zero.

World net capital inflow is the share-weighted sum of net capital inflow in all
regions:
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WORLD_NET_CAPL_INFLW
WGPL*wnkis + WNCIL*wgp =
sum(r,REG, GDP(r)*nkis(r)) + sum(r,REG, NCIL(r)* gdpn(r));

where wnkis is the (absolute change in the) ratio of world net capital inflow to
world gross product, and WNCIL is the coefficient form of world net capital inflow.
World net capital inflow is also zero in initial database, and must remain so post-
simulation.

Theworld real capital stock is the share-weighted sum of the real capital stock in all
regions:

WORLD_CAPL_STOCK
ASKP*wkt = sum(r,REG, VKB(r)*kt(r));

where ASKP and wkt is the coefficient and variable form, respectively, of the world
real capital stock.

World rea investment is ssmply a share-weighted sum of real investment in all
regions:

WORLD_REAL_INVT
WINVTT*winvtr = sum(r,REG, REGINV (r)*qcgds(r));

where WINVTT and winvtr is the coefficient and variable form, respectively, of
world real investment.

9.2 Adaptation of miscellaneous GTAPICM equations
for FTAP

Three new components of net foreign income are introduced in the transition from
GTAPICM to FTAP — net normal returns to foreign capital, net output impediment
rents and net capital impediment rents. These three new components of foreign
income must be included in the balance of payments equation. As the components
in the BOP equation are expressed as ratios to GDP, variables for the ratios of the
three new components of foreign income to GDP must be defined. The first three
equations in this section define the ratios, while the fourth equation is the revised
BOP equation.
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E nyfdirat # ratio of net FDI income to gdp # (all,r,REG)
GDP(r)* nyfdirat(r)+VINC_H__(r)*gdpn(r)=100*yfdi_h_(r);
E nyanp _h__ #ratio of net output impediment rents to gdp# (all,r,REG)
GDP(r)*nyanp_h__(r)+ANPTAX_H__(r)*gdpn(r)=100*yanp_h__(r);
E_nyank_h__ #ratio of net capital impediment rents to gdp# (all,r,REG)
GDP(r)*nyank_h__(r)+ANKTAX_H__(r)*gdpn(r)=100*yank_h__(r);
E bop (al,r,REG)
bop(r)=bts(r)+nyas(r)+nkis(r)+nyfdirat(r)+nyank_h__(r)+nyanp_h_ (r);

Total value added for a GTAP industry is a sum across value-added for the
corresponding domestic and foreign-owned industries in FTAP. This sum is defined
as variable f_gvain section 5.3. For any industries in which FDI occurs, variable
f_qva should replace the GTAP variable gva in the definition of regional (real)
value-added (variable gvar) from section 9.1.

E gvar (al,r,REG)
sum(j,PROD_COMM, VVA(j,n)*qgvar(r) =
sum(i,PROD_COMM,
IF[FDI_FLAGL(i,r)=0,VVA(i,r)* qua(i,r)]+
sum(i_,FDI_COMM:i eqi_,sum(r_,FDI_DEST:reqr_,
IF[FDI_FLAGL(i_,r ) neO,VVA(_r )*f gva(i_,r ))));

The fina two awkward looking conditional sums are required because variable
f_qvaisdimensioned over subsets of PROD_COMM and REG.

9.3 New miscellaneous equations for FTAP

CRUSOE-GTAP link variables

In chapter 5 a compact way of representing domestic and foreign-owned industries
was introduced by lifting some code from the CRUSOE single-region model. This
approach may lead to computational gains, but the variables of the CRUSOE
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module are inconvenient for viewing or shocking. They need to be linked to more
conventionally defined variables with dimensions over home and host regions and
over commodities produced. The four equations of this section perform this
function for the percentage change in the powers of output taxes (or impedimentsin
the case of the tertiary sector) for domestic and foreign-owned industries.

E_see doct (All,i,FDI_COMM)(AIl,r,FDI_DEST)
see _doct(i,n=
sum[j,IND:  (NOT_DOM(j)=0) and (IND2COMM () eq i) and
(HOME_REG(j) eq r) and (DEST_REG(j) eqr),
p_rloct()];
E_see foct (All,i,FDI_COMM)(All,s HOME)(AIl,d,FDI_DEST)
see foct(i,s,d)=
sum[j,IND:  (NOT_DOM(j)=1) and (IND2COMMJ(j) eq i) and
(HOME_REG()) eq s) and (DEST_REG(]) eq d),
p_rloct()];

These two equations allow the user to see the percentage change in the powers of

the output taxes on domestic and foreign-owned industries, respectively. Each
component of the CRUSOE variable p_rloct — which is the percentage change in
the ratio of other costs to total industry costs within the CRUSOE module — is
associated with the appropriate home region, host region and commodity using
GEMPACK set mappings. Note that each sum will contain only one item.

E_tod (All,i, TRAD_COMM)(AIl,r,REG)
tod(i,r)=to_shk(i,r);

E_tof (All,i, TRAD_COMM)(AIll,0o,HOME)(AIl,LHOST)
tof(i,0,l)=to_shk(i,|)+f_tof(i,o0,l);

These two equations allow the user to shock the percentage change in the powers of
the output taxes on domestic and foreign-owned industries, respectively. Section 5.2
described how output taxes could be altered by shocks to the variables tod and tof or
to the special removal-of-output-tax variables remotaxd and remotaxf. The latter
two variables cannot be used when there is a zero level of output tax, and are really
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only convenient for specifying the reduction of output taxes to some proportion of
their initial level. For other types of output tax changes, percentage changes in the
powers of taxes are a more natural way of representing the policy shock. The
variable to_shk allows uniform shocks to be applied to the domestic and foreign-
owned industries producing the one commodity.1 It is also linked, through equation
E _to FDI of section 5.3, to the GTAP output tax variable to, for commaodities that
are produced entirely by domestically-owned industries.2 The variable f_tof allows
tax shocks to foreign-owned industries to vary from those to domestically-owned
industries.

Rates of return and capital stock definitions
E_kf__hi (All,i, TRAD_COMM)(AIll,d,REG)
IF{VKF__HI(i,d) neO,
sum(s,home,VK_HHI(i,s,d)*[k_hhi(i,s,d)-kf__hi(i,d)])} =
IF{VKF__HI(i,d)=0,kf__hi(i,d)};
E kd_h_(All,d,REG)
IF{VKD__H_(d) neO,
sum(i, TRAD_COMM,VKD_H_I(i,d)*[kd_h_i(i,d)-kd__h (d)])}=
IF{VKD__H_(d)=0kd__h_(d)};
E kf__h (All,d,REG)
IF{VKF__H_(d) ne0,
sum(i, TRAD_COMM,VKF__HI(i,d)*[kf__hi(i,d)-kf__h (d)])}=
IF{VKF__H_(d)=0,kf__h (d)};

1 This can be useful since for the primary and secondary sectors, output taxes in the FTAP database
are uniform across domestic and foreign-owned industries.

2 The variable to_shk has been used in simulations of agricultural trade liberalisation where output
subsidies were removed. Asthe primary sector in FTAP contains mining and food, beverages and
tobacco, as well as agriculture, calculations using the more disaggregated GTAPICM database
were performed to calculate the shocks that corresponded to the removal of agricultura subsidies.
Shocking to_shk covers al industries represented in the CRUSOE module, and aso those
industries that are entirely domestically-owned and live in the GTAP-style part of the TABLO
code.
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E _c_rrf__hi (All,i, TRAD_COMM)(AIl,d,host)
IF{VKF__HI(i,d) neO,
sum(s,home,VK_HHI(i,s,d)*[-r_rr_hhi(i,s,d)-c_rrf__hi(i,d)])} =
IF{VKF__HI(i,d)=0,c_rrf__hi(i,d)};
E crrd _h (All,d,host)
IF{VKD__H_(d) neO,
sum(i, TRAD_COMM VKD_H_I(i,d)*[-r_rrd_h_i(i,d)-c_rrd__h_(d)])}=
I{VKD__H_(d)=0,c_rrd__h_(d)};
E_c rrf__h_(All,d,host)
IF{VKF__H_(d) ne0,
sum(i, TRAD_COMM,VKF__HI(i,d)*[c_rrf__hi(i,d)-c_rrf__h_(d)])}=
IF{VKF_H_(d)=0,c_rrf__h (d)};

This series of equations defines various capital stock aggregates and rates of return
associated with those aggregates. The variable naming conventions are fairly
straightforward:

‘rr means ‘rate of return’, ‘k’ means ‘capital stock’,
‘d’ means ‘domestic’, ‘' means ‘foreign’,
a suffix of ‘hi’ means ‘by host region and industry’, and

a suffix of ‘h_’ means ‘by host region’.

Petri-asset values are used as weights. This seems the most reasonable choice so
that the variables are defined here in a way that is consistent with the variables that
arise out of the asset supply function of section 4.

E_anrrd_h_i (All,i, TRAD_COMM)(AIll,r,REG)
IF[VKD(i,r)=0,anrrd_h_i(i,n]=
IF[VKD(i,r)>0,
100*{yankri(i,r)-sum[s,HOME,yank_hhi(i,s,n]}-
{[EVDFA(i,r)-EVDFM(i,r)]*[pcgds(r)+qfed(i,r)]+
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VKD(i,n)*anrrd_h_i(i,nN}];
E_anrr_hhi (All,i, TRAD_COMM)(AIll,s HOME)(AIl,d,host)
IF[VFDI_HHI(i,s,d)=0,anrr_hhi(i,s,d)]=
IF[VFDI_HHI(i,s,d)>0,
100*yank_hhi(i,s,d)-
{ [EVIFAS(i,s,d)-EVIFMS(i,s,d)]* [pcgds(d)+qfes(i,s,d)] +
VFDI_HHI(i,s,d)*anrr_hhi(i,s,d)}];

For each domestic and foreign-owned industry, respectively, these equations define
the pre-tax abnormal component of the rates of return to capital due to FDI capital
impediments. They define the rates of return implicitly using the decomposition of
foreign income approach of appendix B.

Checking equations for CRUSOE module

A standard GTAP variable for industry inputs covers the combined domestic and
foreign-owned industry usage of the inputs. Industry input variables from the
CRUSOE module, however, differentiate the inputs used by domestic and foreign-
owned industries. Plainly, the value of an input to a GTAP industry must equal the
sum of the values of that input used by all CRUSOE industries that are part of the
GTAP industry. Therefore, several useful variables for checking the consistency of
the GTAP-style and CRUSOE sections of FTAP can be formulated, as follows:

E_check_evfa (All,c,ENDW_COMM)(AIl,j,FDI_COMM)(All,r,FDI_DEST)
check_evfa(c,j,r=
IF{(FDI_FLAGL(j,r) ne 0) and (EVFA(c,j,r)>0),
pfe(c,j.n)+afe(c,.r)-
sum[i,IND:(IND2COMM(i) eqj) and (DEST_REG(i) eq ),
sum[k,ENDWC_COMM k eq c,
V1CAP()/EVFA(c,j,r)* (plcap(i)+x1cap(i))] +

sum[k,LABOR:k eq c,
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V1LAB_S(i,k)/EVFA(c,j,n* (pllab_s(i,k)+xllab_s(i,k))]+
sum[k,LAND:k eq c,
VILND()/EVFA(c,j,n* (plind(i)+x1Ind(i))]+
sum[k,NATRESk eq c,
VINR®)/EVFA(c,),n* (p1nr(i)+x1nr(i)]]};
E_check_vdfm (All,c,TRAD_COMM)(AIl,j,FDI_COMM)(All,r,FDI_DEST)
check _vdfm(c,j,rn=
IF{ (FDI_FLAGL(j,r) ne 0) and (VDFM(c,j,r)>0),
pds(c,r)+afd(c,j,r)-
sum[i,IND:(IND2COMM(i) eq j) and (DEST_REG(i) eq ),
V1BAS(c,"dom",i)/VDFM(c,j,r* (pO(c,"dom",i)+x1(c,"dom",i)]};
E_check_vdfa (All,c, TRAD_COMM)(AIl,j,FDI_COMM)(AIll,r,FDI_DEST)
check_vdfa(c,j,r=
IF{ (FDI_FLAGL(j,r) ne 0) and (VDFA(c,j,r)>0),
pfd(c,j,n+agfd(c,j,r)-
sum[i,IND:(IND2COMM(i) eq j) and (DEST_REG(i) eq ),
V1PUR(c,"dom",i)/VDFA(c,j,r* (pl(c,"dom",i)+x1(c,"dom",i)]};
E_check_vifm (All,c, TRAD_COMM)(AIl,j,FDI_COMM)(All,r,FDI_DEST)
check _vifm(c,j,r)=
IF{(FDI_FLAGL1(j,r) ne 0) and (VIFM(c,j,r)>0),
pid(c,r)+gfm(c,,r)-
sum[i,IND:(IND2COMM(i) eq j) and (DEST_REG(i) eq ),
V1BAS(c,"imp",)/VIEM(c,j,n* (pO(c,"imp",)+x1(c," imp",i)]};

E_check_vifa (All,c,TRAD_COMM)(AIlj,FDI_COMM)(AIl,r,FDI_DEST)
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check vifa(c,j,r=
IF{ (FDI_FLAGI1(j,r) ne0) and (VIFA(c,j,r)>0),
pf m(C,j ’r)+qf m(C,j ’r)_

sum[i,IND:(IND2COMM(i) eqj) and (DEST_REG(i) eq ),

V1PUR(c,"imp",)/VIFA(c,j,nN* (pl(c,"imp",)+x1(c," imp",i)]};

E_check_vfa (All,c, TRAD_COMM)(AIl,j,FDI_COMM)(AIl,r,FDI_DEST)
check vfa(c,j,r=
IF{ (FDI_FLAGL(j,r) ne 0) and (VFA(c,j,r)>0),
pf(c..n+af(c.n-
sum[i,IND:(IND2COMM(i) eqj) and (DEST_REG(i) eq ),
V1PUR_S(c,i)VFA(C,,n* (pL s(C,i)+x1 S(C,i))]};
E_check_oct (All,i,FDI_COMM)(AIl,r,FDI_DEST)
100* check_oct(i,r)=
IF{(FDI_FLAGAI(i,r) ne0) and (PTAX(i,r) ne0),
[ VOM(i,n/PTAX(i.r)* [pm(i.r+qo(i,n]-
VOA(i,N/PTAX(i,1)* [ps(i,n+qo(i,n] -
sum(j,IND:(IND2COMM(j) eq i) and (DEST_REG(j) eq ),
V1OCT(j)/PTAX(i,r)* (pltot(j)+x1tot(j))+
(VATOT(j)-V1OCT(j))/PTAX(i,n)*p_rloct(j]};
E_check_voa (All,i,FDI_COMM)(AIl,r,FDI_DEST)
check voa(i,r=
IF{(FDI_FLAG1(i,r) ne0) and (VOA(i,")>0),
{ps(i.,n)+qo(i.n}-
sum[j,IND:(DEST_REG(j) eqr) and (IND2COMM(j) eq i),
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Sum(c,COM, V1PUR_S(c,j)/VOA(i,n*{pl_s(c,))+x1_s(c,j)})
+ VIPRIM())/VOA(,N*{ plprim(j) + x1prim(j)} 1};
These equations allow the model user to check the consistency between the GTAP
and CRUSOE expressions for:
purchasers’ values of primary factor inputs (equation E_check_evfa);
market values of domestic intermediate inputs (equation E_check_vdfm);
purchasers’ values of domestic intermediate inputs (equation E_check vdfa);
market values of imported intermediate inputs (equation E_check_vifm);
purchasers’ values of imported intermediate inputs (equation E_check_vifa);

purchasers’ values of domestic plus intermediate intermediate inputs (equation
E_check_vfa);

values of output taxes plus output subsidies plus impediment rents (equation
E_check_oct); and

producers’ values of output (equation E_check voa).

All components of all check * variables should be zero (allowing for the accuracy
of the computer in performing calculations) for any simulation. They are all
percentage change variables, so this should be taken into account in deciding
whether they are ‘close enough’ to zero.

Tax-revenue checking equations
These equations arise from a happy accident in the sequence of model development.

In standard GTAP, separate accounts of government and private income are not
kept. Tax revenue merely enters the pool of national income, and government
consumption is merely one of the expenditure items for national income.

In GTAPICM, following the original SALTER treatment, a richer specification of
government expenditure and revenue is introduced, and separate account is kept of
government and private income and expenditure. The default closure is the revenue
neutral one in which income taxes adjust to ensure that the ratio of government
savings to revenue is fixed. This treatment carries through to FTAP.

When implementing ICM, basically all the relevant equations of the original
implementation in SALTER were imported into the standard GTAP model, and the
nightmare of equating and linking corresponding variables was then undertaken. A
useful by-product of this process was that many variables for checking tax revenue
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accounting could be created. Tax revenues could be defined both in terms of
SALTER variables and GTAP variables. The difference in two expressions defining
the same revenue item should be zero at the conclusion of any policy simulation.
Vaues that are not zero (allowing for the accuracy of the computer in performing
calculations) indicate an error.
Income tax
E check _inctax (All,r,REG)

RVTXY CR(r)*check_inctax(r)=RVTXY CR(r)*rtyr(r) - {

sum(i, NONCAP_COMM, {VOM(i,r) * [pm(i,r) + go(i,n]}

-{VOA(i.r) * [ps(i.r) + go(i.nN]})+
sum(i,ENDWC_COMM, {VOM(,r) * [pm(i,r) + kr(r)]}

-{VOA(i.r) * [ps(i.r) + kr(N]})+
TYPR_L(r)*{YCHHDPR(r)*qyhir(r) + Y CHHITR(r)* yhdr(r)} +
TCHHITR(r)*typr(r)-

TDEP(r)*{ typr(r)+depr(r)} +

TYPR_L(r)*100*[yankr(r)+yank_h__(r)+ykit(r)]+

[ANKTAX(N+ANKTAX_H_ (r)+
YKAPIMPTAX(N]*TYPR_L(r)*typr(r)+

TYPR_L(r)*100* [yanpr(r)+yanp_h__(r)+yoit(r)]+

[ANPTAX(r)+ANPTAX_H__ (r)+
YOUTIMPTAX(N]*TYPR_L(r)*typr(r)};

E check capinc (All,r,REG)
KTT(r)*check_capinc(r)=KTT(r)*fke(r)-
sum(i, ENDWC_COMM, {VOM(i,r) * [pm(i,r) + kr(N]});

E rtykr # tax on capital income, by region # (All,r,REG)
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rtykr(r) = typr(r) + fke(r);
E check captax (All,r,REG)
RVTXY CKR(r)*check _captax(r)=RVTXY CKR(r)*rtykr(r) -
sum(i,ENDWC_COMM, {VOM(,r) * [pm(i,r) + kr(n]}
- {VOA(i.r) * [ps(i.r) + kr(n]});
E check labtax (All,r,REG)
RVTXY CLBR(r)*check_labtax(r)=RVTXY CLBR(r)*rtylr(r) -
sum(i,LABOR, {VOM(,r) * [pm(i,r) + qo(i,r]}

-{VOA(i.n) * [ps(i.r) + go(i,N1});

The first equation is for checking the calculation of total income tax. RVTXYCR
and rtyr are the original SALTER coefficient and variable, respectively, for tota
income tax revenue. The first sum on the right hand side calculates non-capital
income tax revenue as the difference between regional pre-tax (coefficient VOM)
and post-tax (coefficient VOA) rentals to capital. A separate sum is needed for
capital income, since the rental-weighted capital stock (variable kr) must be used
instead of the asset-weighted capital stock (the capital component of variable qo).
After the second sum is two terms accounting for taxes on bond income. Two terms
arise because the linearisation of a tax rate times an income leads to a term
involving the change in income and a term involving the change in the tax rate.
Next is aterm for the loss in income tax revenue due to depreciation. There are, in
fact, the two typical terms here also, with the percentage changes in the property

income tax rate and the value of regional depreciation — variables typr and depr,
respectively —occurring in {...}. The next two terms are the tax revenue from
property income tax applied to capital impediment rents — the first term arising
from the change in the income being taxed, the second from the change in the
property income tax rate. The variable ykit, and its associated coefficient
YKAPIMPTAX, are the rather strange correction terms necessary to account for
whether taxation of capital impediment rents occurs in the home or host regions (see
section 8.6). The last two terms of equation E_check inctax are the tax revenue
from property income tax applied to capital impediment rents, and have a similar

form to the terms associated with capital impediments.

The remaining equations are much simpler than E_check_inctax and will be dealt
with briefly. Equation E_check_capinc compares the SALTER variable for regional
pre-tax rentals to capital (variable fke) with the GTAP calculation using coefficient
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VOM and variables pm and kr . Equation E_rtykr defines the revenue from capital
income taxes using SALTER-variables typr and fke, while equation
E check captax compares this with the expression based on GTAP variables.
Equation E_check_labtax checks the SALTER and GTAP calculations of labour
income taxes.

All components of all check * variables should be zero (allowing for the accuracy
of the computer in performing calculations) for any simulation. They are al
percentage change variables, so this should be taken into account in deciding
whether they are ‘close enough’ to zero.

Commodity taxes

Total commodity tax revenue (variable rc) and the contributions to this from various
types of commodity tax (variables gr*) are defined in terms of SALTER variables.
Definitions using GTAP variables are also included in FTAP, and a sequence of
commodity tax checking variables defined.

E_rcl # revenue from commodity taxes, by region # (all,r,REG)
GRCOMTL(n)*rcd(r)=
sum(i,PROD_COMM, SHPTAX(i,r)*
{ VOM(i,r) * [pm(i,r) + go(i.n)]-
VOA(i,r) * [ps(i.r) + qo(i,n]}+
100*PTAX(i,r)*c_SHPTAX(i,r)
+ sum(j,PROD_COMM, sum(i,TRAD_COMM,
{ VIFA(i,j,r) * [pfm(i,j.r) + qfm(i,j,n]}
- {VIEM(i,j,r) * [pid(i,r) + afm(i,j.N1}))
+ sum(j,PROD_COMM, sum(i,TRAD_COMM,
{VDFA(i.j,r) * [pfd(i.j,r) + afd(i,j,n]}
- {VDFEM(i,j,r) * [pds(i,r) + afd(i.,j.N1})
+ sum(i,TRAD_COMM,

{VIPA(i.r) * [ppm(i.r) + gpm(i,nI}
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- {VIPM(i,r) * [pid(i,r) + gpm(i,N1})
+ sum(i, TRAD_COMM,
{VDPA(i.,r) * [ppd(i.r) + gpd(i.n]}
- {VDPM(i,r) * [pds(i,r) + qpd(i,N1})
+ sum(i, TRAD_COMM,
{VIGA(i.r) * [pgm(i,r) + agm(i.n]}
- {VIGM(i,r) * [pid(i,r) + agm(i.n]})
+ sum(i, TRAD_COMM,
{VDGA(i.r) * [pgd(i.,r) + agd(i,nl}
- {VDGM(i,r) * [pas(i,r) + qgd(i.n]})
+ sum(i, TRAD_COMM, sum(s,REG,
{VXWD(i,r,s)* [pfob(i,r,s) + gxs(i,r,s)]}
- {VXMD(ir.8) * [pxs(i.r.s) + gxs(i,r.9)]}))
+ sum(i, TRAD_COMM, sum(s,REG,
{VIMS(i,sr) * [pms(i,sr) + axs(i,sn)]}
- {VIWS(i,sr) * [peif(i,sr) + gxs(i,s,n1}));
E_check_rc (All,r,REG)
check_rc(r)=rc(r)-rci(r),

The first equation is total commodity tax revenue written in terms of GTAP
variables. It is a sum across al types of commodity taxes and all users, that is, in
order of occurrence in the equation:

production taxes and subsidies (VOM minus VOA times the share of this which
iIstax SHPTAX);

taxes on imported intermediates (VIFA minus VIFM);
taxes on domestic intermediates (VDFA minus VDFM);
taxes on imported private consumption (VIPA minus VIPM);
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taxes on domestic private consumption (VDPA minus VDPM);
taxes on imported government consumption (VIGA minus VIGM);
taxes on domestic government consumption (VDGA minus VDGM));
export taxes and subsidies (VXWD minus VXMD); and

import tariffs (VIMS minus VIWS).

The second equation compares SALTER variable rc with GTAP variable rcl.

Severa variables for comparing contributions to commodity taxes calculated from
SALTER and GTAP variables are also defined. One example — for export tax
revenue — will be shown, and the remainder just listed.

E_grexpl (All,r,REG)
GRCOMTL(n)*grexpl(r)=
sum(i,TRAD_COMM, sum(s,REG,
{VXWD(i,r,s) * [pfob(i,r,s)+qgxs(i,r,s)]}
- {VXMD(i,r,s) * [pxs(i,r,s)+gxs(i,r,s)]});
E_check_grexp (All,r,REG)
check_grexp(r)=grexp(r)-grexp1(r);

Equation E_grexpl defines variable grexpl and is similar in structure to the
equation defining variable grexp (section 3.2). Coefficient GRCOMT lota
commodity tax revenue, and grexpl is a change variable. It is thus a contribution
variable, that is, one of a set of variables which, when added together, equal some
variable to be explained (variable rcl in this casegardless of the solution
algorithm used. Variable grexpl is the contribution of exports taxes to total
commodity tax revenue. Although contribution variables may be path dependent,
the variable grexpl should always equal grexp, since at each step of the solution
procedure the definitions of export tax revenue in the equations defining grsubl and
grsub should be identical. Equation E_check grexpl obviously compares variables
grexp and grexpl.

Checking equations exist for the following contributions to total commodity tax
revenue:
import tariffs (variable grdut);

output taxes and subsidies (variable grsub);
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taxes on private consumption (variable grcon);
taxes on government consumption (variable grcon);
taxes on intermediate inputs (variable grint); and

taxes on inputs to investment (variable grinv).

Trade flows

A host of real trade flow and real output variables — some covering firms
generally, some covering the activities of foreign-owned firms — are defined in the
following equations. Equation labels describe what is being defined. The equations
take the familiar ‘definition of an aggregate by share-weighting’ form. Conditionals
are used to trap cases where a flow is zero, in which case the aggregate quantity
being defined is set equal to zero.

E_ggxmd #Total Real exports from s, domestic price wgts#
(all,i, TRAD_COMM)(all,s,SOURCE)
IF[GXMD(i,s)=0,qgxmd(i,s)]+
GXMD(i,s)*qgxmd(i,s) =
SUM(d,DEST, (SUM(h,HOME, VXMD_D(i,h,s,d)*qxhd(i,h,s,d)) +
VXMD_DD(i,s,d)*gxdd(i,s,d)) ) ;
E_goxwd #Total Real exports from s, FOB price wgts#
(all,i, TRAD_COMM)(all,s,SOURCE)
IF[GXWD(i,s)=0,qgxwd(i,s)]+
GXWD(i,s)*qgxwd(i,s) =
SUM(d,DEST, (SUM(h,HOME, VXWD_D(i,h,s,d)*qxhd(i,h,s,d)) +
VXWD_DD(i,s,d)*gxdd(i,s,d)) ) ;
E_qgviw #Total Real imports to d, CIF price wgts#
(all,i,TRAD_COMM)(all,d,DEST)

IF[GVIW(i,d)=0,qgviw(i,d)]+
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GVIW(i,d)*qgviw(i,d) =
SUM(s,SOURCE, (SUM(h,HOME,VIWS_D(i,h,s,d)* gxhd(i,h,s,d)) +
VIWS DD(i,s,d)*gxdd(i,s,d)) ) ;
E qgvim #Total Real importsto d, tariff inclusive price#
(al,i,TRAD_COMM)(al,d,DEST)
IF[GVIM(i,d)=0,qgvim(i,d)]+
GVIM(i,d)*qgvim(i,d) =
SUM(s,SOURCE, (SUM(h,HOME,\VIMS D(i,h,s,d)* gxhd(i,h,s,d)) +
VIMS DD(i,s,d)*gxdd(i,s,d)) ) ;
E gx_fdi_wd #Real exports of fdi ind to third countries, FOB price wgts#
(al,i,TRAD_COMM)(al,h,HOME)(all,s,SOURCE)
IF[X_FDI_WD(i,h,s)=0,gx_fdi_wd(i,h,s)]+
X_FDI_WD(i,h,9)*gx_fdi_wd(i,h,s) =
SUM(d,DEST: (d ne h) and (h ne s),VXWD_D(i,h,s,d)* gxhd(i,h,s,d)) ;
E gx_fdi_md #Real exports of fdi ind to third countries, domestic price wgts#
(al,i,TRAD_COMM)(all,h,HOME)(all,s, SOURCE)
IF[X_FDI_MD(i,h,s)=0,gx_fdi_md(i,h,s)]+
X_FDI_MD(i,h,9)*gx_fdi_md(i,h,s) =
SUM(d,DEST: d neh, VXMD_D(i,h,s,d)*gxhd(i,h,s,d)) ;
E_gm_fdi_ws#Real imports from third country fdi ind, CIF price wgts#
(al,i,TRAD_COMM)(all,h,HOME)(all,d,DEST)
IFIM_FDI_WS(i,h,d)=0,gm_fdi_ws(i,h,d)] +
M_FDI_WS(i,h,d)*gm_fdi_ws(i,h,d) =

SUM(s,SOURCE: sne h, VIWS D(i,h,s,d)*gxhd(i,h,s,d)) ;
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E gm_fdi_ms#Real imports from third country fdi ind, tariff incl price wgts#
(al,i, TRAD_COMM)(al,h,HOME)(all,d,DEST)

IF[IM_FDI_MS(i,h,d)=0,gm_fdi_ms(i,h,d)]+

M_FDI_MS(i,h,d)*gm_fdi_ms(i,h,d) =

SUM(s,SOURCE: sne h, VIMS_D(i,h,s,d)*gxhd(i,h,s,d)) ;
E_gx_wd #Real exports of fdi ind to third countries, FOB price wgts#
(al,i,TRAD_COMM)(al,h,HOME)

IF[X_WD(i,h)=0,gx_wd(i,h)]+

X_WD(i,h)*gx_wd(i,h) =

SUM(s,SOURCE, X_FDI_WD(i,h,9)*gx_fdi_wd(i,h,s) ) ;
E_gx_md #Real exports of fdi ind to third countries, domestic price wgts#
(al,i,TRAD_COMM)(al,h,HOME)

IF[X_MD(i,h)=0,gx_md(i,h)]+

X_MD(i,h)*gx_md(i,h) =

SUM(s,SOURCE, X_FDI_MD(i,h,9)*gx_fdi_md(i,h,s)) ;
E_gm_ws#Real imports from third country fdi ind, CIF price wgts#
(al,i, TRAD_COMM)(all,d,DEST)

IF[M_WS(i,d)=0,gm_ws(i,d)] +

M_WS(i,d)*gm_ws(i,d)=

SUM(h,HOME, M_FDI_WS(i,h,d)*gm_fdi_ws(i,h,d)) ;
E_gm_ms#Rea imports from third country fdi ind, tariff incl price wgts#
(al,i,TRAD_COMM)(all,d,DEST)

IF[M_M$(i,d)=0,gm_ms(i,d)] +

M_MS(i,d)*gm_ms(i,d)=
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SUM(h,HOME, M_FDI_MS(i,h,d)*gm_fdi_ms(i,h,d)) ;
E gvxhm #Real exports of foreign-owned industry, domestic price wgts#
(All,i, TRAD_COMM)(All,0o,HOME)(AIl,|,HOST)
IF[VXHM(i,o,1)=0,gvxhm(i,o,)]+
VXHM(i,o,1)*gvxhm(i,o,)=sum[d,DEST ,VXMD_D(i,o,l,d)*gxhd(i,o,l,d)];
E_qgvtotdhm #Real domestic use of foreign industry output#
(All,i, TRAD_COMM)(AIl,r,REG)
IF[VTOTDHM(i,r)=0,qvtotdhm(i,r)] +
VTOTDHM(i,r)*qvtotdhm(i,r)=
SUM(o,HOME, VDHM(i,o,r)*qdh(i,o,r)) ;
E_qgvtotohm #Real output of foreign firmsin host country#
(al,i,TRAD_COMM)(all,r,HOST)
IF[VTOTOHM(i,r)=0,qvtotohm(i,r)]+
VTOTOHM(i,r)*gvtotohm(i,r) =
SUM(o,HOME, VOHM(i,0,r)*qoh(i,o,r)) ;
E_gvtotown_os#Real output of firms located abroad#
(al,i,TRAD_COMM)(al,0,HOME)
IF[VTOTOWN_OS(i,0)=0,qvtotown_os(i,0)] +
VTOTOWN_OS(i,0)*qvtotown_0s(i,0) =

SUM(r,DEST, VOHM(i,0,r)* qoh(i,o,r));

Other equations
Definitions of some useful ratios follow.

E_qaer #Equity to income ratio# (al,r,REG)
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gaer(r)=ASEQR(r)/Y CR(r)*[aer(r)-y_r(n)];

E gyanp _h #ratio of net output impediment rents to national income# (all,r,REG)
INCOME(r)*qyanp_h__(N+ANPTAX _H__ (nN*y _r(r)=100*yanp_h_(r);

E gyank _h_#ratio of net capital impediment rents to national income# (al,r,REG)
INCOME(r)*qyank_h__ (r)+ANKTAX H__ (nN*y_r(r)=100*yank_h__(r);

E_qyfdirat # ratio of net FDI income to national income# (all,r,REG)
INCOME(r)*qyfdirat(r)+VINC H__ (nN*y_r(r)=100*yfdi_h_ (r);

E _nyanpr # ratio of locally generated output impediment rents to gdp # (all,r,REG)
GDP(r)* nyanpr(r)+ANPTAX(r)* gdpn(r)=100* yanpr(r);

E_nyankr # ratio of locally generated capital impediment rents to gdp # (al,r,REG)
GDP(r)* nyankr(r)+ANKTAX(r)* gdpn(r)=100* yankr(r);

Finally, for convenience in defining post-tax rates of return (section 4.3), variables
for the post-tax rental prices of land (psland) and natural resources (psnatres) are
defined by the technique of picking out components of the (GTAP) variable ps,
thus:

E pdand (All,s,home)
psland(s)=sum[k,LAND,ps(k,9)];
E_psnatres (All,s,nome)

psnatres(s)=sum[k,NATRES,ps(k,s)];
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10 Further research — an extended
definition of welfare

In FTAP (asin GTAP and GTAPICM) welfare is derived from maximising a Cobb-
Douglas utility function across the uses of national income — private and
government consumption and savings. Utility is therefore equal to nominal national
income divided by an utility price index that is an aggregation of various prices.
Plainly, utility depends only on the level of income, and not on the sources from
which income is derived. In particular, utility does not depend on the composition
of the asset portfolio (bonds, capital in various industries and regions, land and
natural resources) from which a significant portion of income is derived.

The allocation of wealth between assets, however, is driven by more than just the
income generated by the assets. The allocation of wealth just to maximise returns
would lead to the allocation of all wealth to the asset(s) with the highest rate of
return (the so-called flip-flop or bang-bang characteristic of linear programming
models). The consequent asset supply function would embody perfect
transformation, and perfect arbitrage would prevail between rates of return (as in
GTAPICM). Plainly, this is not the case with the FTAP asset supply function
(chapter 4).

So in FTAP investors implicitly derive benefits — non-pecuniary benefits — from
the composition of their portfolios, and not just from the income generated from
their assetd. FTAP does not identify what these benefits are, but implicitly there
must be some. The chief purpose of this appendix is to determine how these
benefits, implicit in the current model structure, might be quantified and
incorporated in a revised measure of utility.

All benefits from asset income, but none of the non-pecuniary benefits, are fully

accounted for in the current welfare measure. This could lead to a distorted

assessment of welfare impacts. For example, a policy that caused wealth to be
reallocated towards assets with high rates of return could increase the current
measure of utility by increasing income. But any loss in non-pecuniary benefits

would not be measured.

1 Another interpretation is that they are acting sub-optimally, perhaps due to incomplete
information. This possibility isnot dealt with in this research memorandum.
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It is proposed that, as a future enhancement to FTAP, a new utility function be
defined as the current utility function plus a new term that accounts for the non-
pecuniary aspects of wealth allocation. This new term must be chosen so that the
current FTAP asset supply function arises from maximisation of the new utility
function. That is, both the income and wealth allocation decisions will be outcomes
of maximising the new utility function. A new equivalent variation could be defined
based on the new utility, and the welfare decomposition extended to cover non-
pecuniary benefits of asset ownership.

The new utility maximisation problem — for the allocation of given amounts of
nominal non-asset income and nominal wealth at given prices — can be expressed
formally as:

Choose

C, G, S {A:i=1..n
to maximise
V(C,G,SA....A)=U(C,G,9)+ 5 (a.¢(A)+ B.A)

subject to

W=%_RA
Y=Y,+5" (R-D/R)A=R.C+P.G+P.S

where

C, G and S are the expenditure items real private and government consumption
and savings, respectively,

- with corresponding pricescPP; and R, respectively;
A; is the quantity of asset |,

- with corresponding rental price, asset price and depreciation rai dd
D;, respectively;

V(DI 'is the new utility function, which is a function of both expenditure items
and asset holdings;

U([Yis the current (Cobb-Douglas) utility function;
@(Yis a function that will be determined below;

the as andps are weights, taken as given by the agent, the values of which will
be determined below;
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W is nominal wealth;
Y isnomina income; and

Yo iS nomina non-asset income.

Note that the as and [3s may not be constant. What is important to the validity of the
following derivation is that they are only functions of items that are fixed for the
optimisation problem. It will be shown that thisis the case and that they are, in fact,
functions of nominal wealth and prices.

The solution to this problem produces the same income allocation decision rule as
currently (that is, allocate nominal income in constant shares between expenditure
items). Maximisation with respect to expenditure items (C, G and S) can be
performed to yield a reduced problem:

Choose

{A:i=1..n}

to maximise

V(AL A)=Y/R + Y (a.dA)+B.A)
subject to

W=3_PRA

where Py is the price of utility (a Cobb-Douglas function of P, Pg and Ps) and *
indicates that maximisation with respect to C, G and S has been done. The first
order conditions for this reduced problem are

0V/oA =(R -D,.R)/R +a,¢(A)+ B - AR
=0

Therefore
A :(d_l[(_ (R - Di'Pi)/PU -B +/\'Pi)/a‘]

The trick now is to choose @(0), the as and the 3s so that this asset supply function
isthe same asin FTAP. To this end choose:

2f :_R/(ai'PU)
#dA)=A(n(A)-1)
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where g; is the transformation elasticity associated with asset i. Then, defining

Vi :exp(lgi/ai _/"Pi/ai)
:eXp(IBi/ai +/]-PU'Ui)

the asset supply function becomes

A = explo..R)

~

expl- R

i

where R isthe net rate of return on asset i.
Note that with the choice of (0,

OV /oA =a, ¢ (A)
=a,/A
<0

0V/0A A =0 [ # |

since 0;<0. Therefore the second order conditions for a maximum are satisfied.

The values of vy, will be the same within each group of assets that are part of the
same composite asset in the FTAP nested asset supply function. Let J(i) denote the
set of al assets that are part of the same composite asset as asset i. Let Ay denote
the quantity of the composite asset of which asset i isa part. If

gi
0;

K= AJ(i)'[ziDJ(i)eXd_ R, )l T
= AJ(i)'eXF(_ ﬁJ(i))UI

then asset supply is a nested CES demand function with the reciprocals of the
exponentials of the rates of return acting as prices, as in FTAP.2 The expression in

2 The discussion of Petri asset values in appendix C explains why the asset supply function is, in
fact, a nested CES demand function with reciprocal prices. The terminology of ‘nested CET
supply function’ has been used wherever possible throughout this research memorandum as a
simplification to avoid confusion.
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square brackets arises because the price of a CES aggregate is itself a CES
aggregate of prices.

Ay is not one of the decision variables of the optimisation problem. Of coursg, it is
chosen to conform to the FTAP nested asset supply function, that is, with an
obvious generalisation of the J() notation,

gy(i)
~93(i) |l—UJ(|)
T3(i)

= [ZJDJZ(i)eXp(_ ﬁj
Ay Af(i)' exp(— ﬁJ(i))

Thus, by continuing to work up the nest, Ay can eventually be expressed as a
function of rates of return and real wealth:

A = Fro (R RW/R,
where Py, is the asset price of wealth.

All the rates of return are functions of rental and asset prices and depreciation rates
{Ri, P, Dj: i=1,...n}, all of which are given for the optimisation problem. Nominal
wealth is also given. If it can be shown that iB also function of only {R R, D;:
i=1,...n}, and not of decision variables, thgnis likewise expressible entirely in
terms of values that are given for the optimisation problem.

Plainly, a parallel expression to the one fgf) &xists for A, thus:

A=f(R...R)w/pr,

S0, using the wealth constraint,

w=%"P.A
=R RRWR,
therefore

R, :Zi”:lIDi.fi(ﬁl,...,li) QED

One step remains to complete the formulation of the new utility measure — the
determination of the Lagrange multipli®r the marginal utility of nominal wealth.
This is derived from the first order conditions as follows:

FURTHER RESEARCH 175



0= 3" A.09/oA
=(Y-Y,)/R +S(a,.A.In(A)+ B.A)- AW
=(V-Y)/R + YL (@A) +B.A +a.A)- AW

n

=V-Y,/R -SLR/(0.R)A - AW
Therefore, the marginal utility of real wealthis:
AR =V/W/R) =,/ +5.8" /o))
where S" isthe share of the asset value of asset i in total wealth.

The interpretation of the expression for A.Py isinteresting. The sum is a decrease in
the marginal utility of wealth from imperfect transformation between assets. The
higher the transformation elasticities, the greater is A.Py. Also, A.Py will tend to be
larger if assets with a high share in total wealth are highly substitutable with other
assets that are part of the same composite asset. The expression

V-v./R)

WP,
isthe rate of return to wealth in utils per unit of real wealth. Thus, in the presence of
perfect transformation (all ;- ), the marginal utility of real wealth is just this
overal rate of return to wealth. With imperfect transformation, however, a small
increase in real wealth will contribute less to utility because of the difficulty of

shifting out of one asset into another. This is especially so when a large share of
wealth istied up in an asset from which it is particularly hard to shift.

Plainly, A could be written in terms of values that are given for the optimisation
problem.3 It has already been shown that y; can be. Therefore, so can [3;.

The following equations would need to be added to FTAP to determine the new
measure of utility V:

V=Y/R + S (. dA)+B.A)
a;, = _Pi/(ai'PU)

y, =exdB /a, + AP, .0))

3 Just replace occurrences of A; in the expression for A with the expression for A; in terms of rates
of return and nominal wealth.
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yi_l = AJ(i)'[ZjDJ(i)eXp(_ Rj )Hﬂ ]E
A :V/\N - (YO/W + Zinzlslw/ai )/Pu
These equationsjointly determine V, as, (3s, ysand A.

Note that although the optimising agent takes the as and s as given, that is, fixed
during the solution of the optimisation problem, they are not constant. The welfare
decomposition for the new utility measure would contain terms where the as and 3s
occur as coefficients associated with linearised variables, and also terms containing
changes in the as and 3s. A necessary stage in ensuring the usefulness of the
welfare decomposition would involve finding an economic interpretation for these
new terms.
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A The core equations of GTAP

Preliminaries

The core equations of GTAP are defined to be those equations that:
determine the behaviour of the model; and
define the regional welfare decomposition variables.

Only core GTAP equations are described in this appendix. Consequently, GTAP
definitional equations (like the definition of GDP), and equations that decompose
welfare contributions to the sectoral level, are not included. The former are
described in Hertel (1997). The derivation of the welfare decomposition is
presented in Huff and Hertel (1996). The GTAP terms of trade decomposition is
described in McDougall (1993a).

the status of the equation in FTAP. The possibilities are:

negated — rendered inoperative in FTAP simulations by endogenising the
associated slack variable;

altered — usually means that the GTAP equation continues to operate across
some subset of its range;

replaced by an FTAP equation; or

redundant — the equation remains unchanged in FTAP but plays no role in
determining model behaviour.

Where a GTAP equation is negated or altered, a cross-reference to the section
describing why this is done is provided in the comment. If the change to the
equation is minor and could not be easily categorised under any of the section
topics, a description of the change is provided in bold in the description following
the equation.

Where a GTAP equation is replaced by an FTAP equation, the name of the FTAP
equation and a section cross-reference is provided.
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Trivia changes to GTAP equations are not documented. An example of a trivia
change is where aterm such as

IF(VIM(i,s)=0,pfactwld)

is added to a price equation so that the price is set equal to the numeraire when the
associated data are zero. Another example is where the GTAP price of imports
(variable pim) is replaced by the FTAP price of imports (variable pid). The two are
always equal (section 6.6), so this is a trivia change. A fina example is the
renaming of the GTAP nominal national income variablefromytoy r.

The description of each equation in this appendix is largely a tidying-up of the
comments in the TABL O code implementation of GTAP.1

Where indicated, more extensive documentation of each equation can be found in
chapter 2 of Hertel (1997).

The equations
MKTCLTRD ! Negated section 5.3 !
(al,i,TRAD_COMM)(all,r,REG)

VOM(i,n*qo(i,n)= VDM(i,r*qds(i,r)
+VST(i,r)*gst(i,r)
+sum(s,REG,VXMD(i,r,s)* gxs(i,r,s))
+VOM(i,r)*tradslack(i,r);

This equation ensures market clearing in domestically produced commodities. This
isequation (1) in chapter 2 of Hertel (1997).

MKTCLIMP (al,i, TRAD_COMM)(al,r,REG)
gim(i,r)= sum(j,PROD_COMM,SHRIFM(i,j,r)*gfm(i,j,r))
+SHRIPM (i,n)* gpm(i,r)+SHRIGM(i,r)* ggm(i,r);

This equation ensures market clearing for imports of each commodity. This is
eguation (2) in chapter 2 of Hertel (1997).

1 The latest version of whichis version 4.1 (November 1998), available at
http://www.agecon.purdue.edu/gtap/model/.
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MKTCLDOM (all,i, TRAD_COMM)(al,r,REG)
qds(i,r)=sum(j,PROD_COMM,SHRDFM(i,j,r)*gfd(i,j,r))
+SHRDPM(i,r*gpd(i,r)+SHRDGM(i,r)* qgd(i,r);

This equation ensures market clearing for domestic use of domestically produced
commodities. Thisis equation (3) in chapter 2 of Hertel (1997).

MKTCLENDWM ! Altered section 3.2!
(al,i, ENDWM_COMM)(all,r,REG)
VOM(i,nN*qo(i,r)= sum(j,PROD_COMM,VFM(i,j,nN*qfe(i,j,r)
+VOM(i,r)* endwslack(i,r);

In each of the regions, this equation ensures the clearing of markets for endowment
goods that are perfectly mobile among uses. This is equation (4) in chapter 2 of
Hertel (1997).

MKTCLENDWS (all,i, ENDWS_COMM)(all,j,PROD_COMM)(alr,REG)
qoes(i,j,r)=qfe(i,j,r);

In each of the regions, this equation ensures the clearing of markets for endowment
goods that are imperfectly mobile among uses. This is equation (5) in chapter 2 of
Hertel (1997).

PRIVATEXP ! Altered section 3.2
(all,r,REG)
PRIVEXP(N*yp()=  INCOME(r)*y(r)
-SAVE(r)* [psave(r)+gsave(r)]
-sum(i, TRAD_COMM ,VGA(i,r)* [pg(i,n)+qg(i.n);

This equation computes private household expenditure as household income less
savings less government expenditures. This is equation (8) in chapter 2 of Hertel
(1997).

REGIONALINCOME ! Replaced by NATL_INCOME section 3.2!

(al,r,REG)
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INCOME(n)*y(r)=
sum(i, ENDW_COMM ,VOA(i,n)*[ps(i,r)+qo(i,’])
-V DEP(r)*[pcgds(r)+kb(r)]
+sum(i,NSAV_COMM,
{VOM(i,r)* [pm(i,r)+qo(i,n}
-{VOA(i.,r)*[ps(i,n+qo(i.n1})
+sum(i,ENDWM_COMM ,sum(j,PROD_COMM,
{VFA(ij.n*[pfe(i,j.r)+afedi,j.n]}
-{VEM(i.j.r)*[pm(i.r)+qfe(i,j.n]}))
+sum(i,ENDWS_COMM ,sum(j,PROD_COMM,
{VFA(ij.n)*[pfe(i,j.r)+afedi,j.n]}
-{VEM(i.j.r)* [pmes(i,j.r)+afe(i.j.nl}))
+sum(j,PROD_COMM,sum(i,TRAD_COMM,
{VIFA(i.j,n)*[pfm(i.j,r)+afm(i,j.n]}
-{VIEM(i,j,n)* [pim(i,r)+qfm(i,j,r1}))
+sum(j,PROD_COMM,sum(i,TRAD_COMM,
{VDFA(i,j.n*[pfd(i.j.r)+afd(i,j.n]}
-{VDEM(i.j,r)*[pm(i,n+afd(i.j.ni}))
+sum(i, TRAD_COMM,
{VIPA(i,r)* [ppm(i,r)+apm(i.n]}
-{VIPM(i,r)*[pim(i,r)+apm(i.n]})
+sum(i, TRAD_COMM,
{VDPA(i.r)*[ppd(i.n+apd(i.n]}
-{VDPM(i,n)* [pm(i,r)+qpd(i.n]})
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+sum(i, TRAD_COMM,
{VIGA(i.r)*[pgm(i.r)+agm(i.n]}
-{VIGM(i,n)* [pim(i,r)+agm(i,n]})
+sum(i, TRAD_COMM,
{VDGA(i.r)* [pgd(i.r)+qgd(i.n]}
-{VDGM(i.r)*[pm(i,r)+qgd(i.ni})
+sum(i, TRAD_COMM ,sum(s,REG,
{VXWD(i,r,s)*[pfob(i,r,.s)+gxs(i,r.s)]}
-{VXMD(i.r,8)* [pm(i.n)+axs(i,r.9)]}))
+sum(i, TRAD_COMM ,sum(s,REG,
{VIMS(i,s,n)*[pms(i,sr)+axs(i,sn)]}
{VIWS(i,sr)*[pcif(i,sr)+axs(i,sr]}))
+INCOME(r)*incomeslack(r);

This equation computes regional income as the sum of primary factor payments and
tax receipts. This is equation (9) in chapter 2 of Hertel (1997). The first term
computes the change in endowment income, net of depreciation. The subsequent
terms compute the change in tax receipts for various transaction taxes. Note that in
each of these terms the quantity change is common. This defines the common
transaction that is being taxed. It is the prices which potentially diverge.

KEND ! Redundant !
@@l, r, REG)
ke(r)=INVK ERATIO(F)* qogds(r)+[ 1.0-INVK ERATIO(r)]* Kb(r):

Ending capital stock equals beginning stock plus net investment. This is equation
(20) in chapter 2 of Hertel (1997).

PRICGDS

pcgdswld=sum(r,REG,[NETINV (r)/GLOBINV]* pcgds(r));
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This equation defines the world investment price index. This is equation (60) in
chapter 2 of Hertel (1997).

WALRAS S
walras_sup=pcgdswld+global cgds;

This is an extra equation that simply computes change in supply in the omitted
market, and is modified from equation (12) in chapter 2 of Hertel (1997) to reflect
the value, as opposed to quantity, change.

WALRAS D
GLOBINV*walras_dem=sum(r,REG,SAVE(r)*[psave(r)+qgsave(n)]);

This is an extra equation that ssmply computes change in demand in the omitted
market, and is modified from equation (13) in chapter 2 of Hertel (1997) to reflect
the value, as opposed to quantity change.

WALRAS
walras_sup=walras dem+walraslack;

This equation checks Walras Law. The value of the endogenous slack variable
should be zero. Thisis equation (14) in chapter 2 of Hertel (1997).

SUPPLYPRICES'! Altered — see below !
(@al,i,NSAV_COMM)(all,r,REG)

ps(i,r)=to(i,r)+pm(i,r);

This equation links pre- and post-tax supply prices for all industries. This captures
the effect of output subsidies. A positive shock to variable to is an increase in
subsidies. Thisis equation (15) in chapter 2 of Hertel (1997). It has been altered in
GTAPICM and FTAP by moving the variable to to the other side of the
equation. The variable to therefore becomes an output tax rather than output
subsidy.
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MPFACTPRICE ! Altered sections 3.2 and 4.4 !
(al,i, ENDWM_COMM)(al,j,PROD_COMM)(al,r,REG)
pfe(i,j,r=tf(i,j,r+pm(,r);

This equation links domestic and firm demand prices. It holds for mobile
endowment goods and captures the effect of taxation of firms’ usage of primary
factors. This is equation (16) in chapter 2 of Hertel (1997).

SPFACTPRICE (all,iENDWS_COMM)(all,j,PROD_COMM)(all,r,REG)
pfe(i,j,r)=tf(i,j,r)+pmes(i,j,r);

This equation links domestic and firm demand prices. It holds for sluggish
endowment goods and captures the effect of taxation of firms’ usage of primary
factors. This is equation (17) in chapter 2 of Hertel (1997).

PHHDPRICE! Altered section 6.3
(all,i, TRAD_COMM)(all,r,REG)
ppd(i,n=tpd(i,r)+pm(i,r);

This equation links domestic market and private household prices. It holds only for
domestic goods and it captures the effect of commodity taxation of private
households. This is equation (18) in chapter 2 of Hertel (1997).

GHHDPRICE! Altered section 6.3
(all,i, TRAD_COMM)(all,r,REG)
pgd(i,n=tgd(i,r)+pm(i,r);

This equation links domestic market and government household prices. It holds
only for domestic goods and it captures the effect of commodity taxation of
government households. This is equation (19) in chapter 2 of Hertel (1997).

DMNDDPRICE! Altered section 6.3
(all,i, TRAD_COMM)(all,j,PROD_COMM)(all,r,REG)

pfd(i,j,r)=tfd(i,j,r)+pm(i,r);
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This equation links domestic market and firm prices. It holds only for domestic
goods and it captures the effect of commodity taxation of firms. This is equation
(20) in chapter 2 of Hertel (1997).

PHHIPRICES (all,i, TRAD_COMM)(@ll,r,REG)
ppm(i,r)=tpm(i,r)+pim(i,r);

This equation links domestic market and private household prices. It holds only for
imports and it captures the effect of commodity taxation of private households. This
iseguation (21) in chapter 2 of Hertel (1997).

GHHIPRICES (all,i, TRAD_COMM)(al,r,REG)
pgm(i,r)=tgm(i,r)+pim(i,r);

This equation links domestic market and government household prices. It holds
only for imports and it captures the effect of commodity taxation of government
households. Thisis equation (22) in chapter 2 of Hertel (1997).

DMNDIPRICES (al,i, TRAD_COMM)(al,j,PROD_COMM)(all,r,REG)
pfm(i,j,r)=tfm(i,j,r)+pim(i,r);

This equation links domestic market and firm prices. It holds only for imported
goods and it captures the effect of commodity taxation of firms. This is equation
(23) in chapter 2 of Hertel (1997).

MKTPRICES (al,i, TRAD_COMM)(all,r,REG)(al,s,REG)
pms(i,r,s)=tm(i,s)+tms(i,r,s)+pcif(i,r,s);

This equation links domestic and world prices. It includes a source-generic import
levy. Thisis equation (24) in chapter 2 of Hertel (1997).

EXPRICES! Altered section 6.5 and see below !
(@l,i,TRAD_COMM)(all,r,REG)(al,s,REG)
pfob(i,r,s)=pm(i,r-tx(i,r)-txs(i,r,s);

This equation links the prices of exports before (domestic market prices) and after
(FOB prices) the imposition of export subsidies. A positive shock to variables tx or
txsisan increase in subsidies. Thisis equation (27) in chapter 2 of Hertel (1997). It
has been altered in GTAPICM by changing the sign on txs to ‘+’. The variable
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txs therefore becomes an export tax rather than export subsidy. In FTAP
variabletx isatax also.

DPRICEIMP
(al,i,TRAD_COMM)(al,s,REG)
pim(i,s)=sum(k,REG,MSHRS(i,k,s)* pms(i k,S));

This equation specifies the domestic market price for aggregate imports of a
commodity from all sources. Thisis equation (28) in chapter 2 of Hertel (1997).

IMPORTDEMAND ! Replaced by E_gxs section 6.5 !
(al,i, TRAD_COMM)(al,r,REG)(all,s,REG)
oxs(i,r,8)=aim(i,s)-ESUBM (i)* [pms(i r,s)-pim(i,s)];

This equation specifies regiona demand for disaggregated imported commodities
by source. Thisis equation (29) in chapter 2 of Hertel (1997).

ICOMPRICE ! Altered section 5.3!
(dl,i, TRAD_COMM)(all,j,PROD_COMM)(all,r,REG)
pf(i,j,)=FMSHR(i j,r)*pfm(i j,N+[1-FMSHR(.j,")]* pfd(i,j.r);

This equation specifies the industry price for composite commodities. This is
equation (30) in chapter 2 of Hertel (1997).

INDIMP! Altered section 5.3 !

(al,i, TRAD_COMM)(al,j,PROD_COMM)(al,s,REG)
afm(i,j,s)=af(i,j,9)
-ESUBD(i)*[pfm(i,j,s)-pf(i,j,9)];

This equation specifies industry j demands for composite import i. This is equation
(31) in chapter 2 of Hertel (1997).

INDDOM ! Altered section 5.3
(al,i, TRAD_COMM)(all,j,PROD_COMM)(all,s,REG)

qfd(i.j,s)=qf(i.j,s)-ESUBD(i)* [pfd(i.j,9)-pf(i.j.9)];
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This equation specifies industry j demands for domestic good i. This is equation
(32) in chapter 2 of Hertel (1997).

VAPRICE (all,j,PROD_COMM)(all,r,REG)
pva(j,r)=sum(k,ENDW_COMM,SVA(k,j,n*[pfe(k,j,r-afelk,j,N]);

This equation specifies the effective price of the primary factor composite in each
sector/region. Thisis equation (33) in chapter 2 of Hertel (1997).

ENDWDEMAND ! Altered section 5.3 !

(al,i, ENDW_COMM)(all,j,PROD_COMM)(al,r,REG)
afe(i,j,r)=-afe(i,j,r)+ava(,r)
-ESUBVA(j)*[pfe(i,j,r)-afe(i,j.r)-pva(,n];

This equation determines the demands for endowment commodities. This is
equation (34) in chapter 2 of Hertel (1997).

VADEMAND (al,j,PROD_COMM)(al,r,REG)
qva(j ,r):'a\/a(j ’r)+q0(j ,r)'aO(j 1r)
-ESUBT(j)* [pva(j.r)-ava(j.r)-ps(i.nl;

This equation specifies sector demands for the primary factor composite. This
equation differs from equation (35) in chapter 2 of Hertel (1997), due to the
presence of intermediate input substitution.

INTDEMAND ! Altered section 5.3 !

(all,,TRAD_COMM)(al j,PROD_COMM)(all,r,REG)
af (i.j.r)=-af(i,j,r)+qo(,r)-ao(.r)
-ESUBT(j)*[pf(i.j.r)-af (i.j.,1)-ps(.nI;

This equation specifies industry and investment (industry “cgds”) demands for
intermediate inputs. This equation differs from equation (36) in chapter 2 of Hertel
(1997), due to the presence of intermediate input substitution.
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ZEROPROFITS ! Altered — see below !
(al,j,PROD_COMM)(al,r,REG)
VOA(,n*[ps(.r+ao(j.n]=
sum(i,ENDW_COMM VFA(i,j,n*[pfe(i,j,r)-afei,j,r)-ava(,rn])
+sum(i, TRAD_COMM,VFA(,j,r)*[pf(i,j,r)-af(i,j,n])
+VOA(j,n* profitsack(j,r);

Each industry, and the investment (capital goods) activity, makes zero pure profits.
Thisis equation (6) in chapter 2 of Hertel (1997). In FTAP, this zero pure profits
condition for GTAP-style industries (that is, combined domestic and foreign-
owned) is written in terms of prices and quantities, rather than prices and
technical efficiency terms. In FTAP, it defines the GTAP-industry variable ps,
the output tax/impediment-exclusive price of industry output.

UTILITY (all,r,REG)
INCOME(r)* u(r)=PRIVEXP(r)* up(r)
+GOVEXP(r)* [ug(r)-pop(r)]
+SAVE(r)* [gsave(r)-pop(r)];

This equation defines per capitaregional utility. Thisis equation (37) in chapter 2 of
Hertel (1997). Note that private utility has already been defined on a per capita
basis.

SAVEPRICE ! Altered section 4.5 !

(al,r,REG)
psave(r)=
pcgds(r)+{ sum(s,REG,{ [NETINV (s)-SAVE(s)]/GLOBINV} * pcgds(s))}
+psaveslack(r);

This equation defines a region specific price of savings, which is now region-
specific and is equal to the price of regional investment, plus an adjustment factor
that accounts for the fact that regional savings and investment are not equal. Thisis
an amendment to GTAP since the version of the model that was documented in
Hertel (1997).
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SAVINGS! Altered section 3.2 !
(al,r,REG)
qsave(r)=y(r)-psave(r)+saves ack(r);

Regional real net saving (variable gsave) is generated from the maximisation of a
Cobb-Douglas utility function of savings, private consumption and government
consumption. Hence nomina saving is a constant share of nominal net national
product (variabley). Thisis equation (38) in chapter 2 of Hertel (1997).

GOVERTU (al,r,REG)
ug(r)=y(r)-pgov(r)+govslack(r);

This equation defines regional government consumption. Unlike the variable up, it
is not per capita. In some closures this index of government activity may be fixed,
in which case govslack is endogenized. In this case the mix of regional expenditures
changes and the aggregate utility index no longer applies. This is equation (39) in
chapter 2 of Hertel (1997).

GPRICEINDEX (all,r,REG)
pgov(r)=sum(i,TRAD_COMM,[VGA(i,n)/GOVEXP()]*pg(i,n);

This is the government consumption price index. This is equation (40) in chapter 2
of Hertel (1997).

GOVDMNDS (dl,i, TRAD_COMM)(al,r,REG)
qg(i,r)=ug(r)-[pg(i,r)-pgov(r)];

This equation determines government demands for each commodity. Tota
government consumption is a Cobb-Douglas composite of all commodities. Note
that the population (variable pop) does not occur in this equation due to
homotheticity. Thisis equation (41) in chapter 2 of Hertel (1997).

GCOMPRICE (all,i, TRAD_COMM)(dl,s,REG)
PY(i,5)=GM SHR(i,s)* pgm(i,s)+[ 1-GM SHR(i,s)]* pgd(i,s);

This equation defines the prices paid by the government for each commodity. This
isequation (42) in chapter 2 of Hertel (1997).
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GHHLDAGRIMP (all,i, TRAD_COMM)(al,s,REG)

qgm(i,s)=qg(i,s)+ESUBD(i)* [pg(i,s)-pgm(i,s)];

This equation determines government demands for the imported variety of each
commodity. Government consumption of each commodity is a CES composite of
the domestic and imported varieties. This is equation (43) in chapter 2 of Hertel
(1997).

GHHLDDOM (all,i, TRAD_COMM)(al,s,REG)
qgd(i,s)=ag(i,s)+ESUBD(i)* (pg(i,s)-pgd(i,s));

This equation determines government demands for the domestic variety of each
commodity. Government consumption of each commodity is a CES composite of
the domestic and imported varieties. This is equation (44) in chapter 2 of Hertel
(1997).

PRIVATEU (all,r,REG)
yp(r)=sum(i, TRAD_COMM,(CONSHR(i,"* pp(i,n))
+sum(i, TRAD_COMM,(CONSHR(i,n)*INCPAR(i,r)))* up(r)
+pop(r);

This equation determines private consumption utility for a representative household
in region r, based on the per capita private expenditure function. This is equation
(45) in chapter 2 of Hertel (1997).

PRIVDMNDS (al,i, TRAD_COMM)(al,r,REG)
gp(i,r)=sum(k, TRAD_COMM ,EP(i k,r)* pp(k,r))
+EY (i,r)* [yp(r)-pop(r)]
+pop(r);

The first two right hand side terms of this equation determine the demands by an
individual private household for each commodity. Consequently, the demand

system is on a per capita basis. Here, yp(r) - pop(r) is the percentage change in per

capita income. The demand is scaled by the size of the population — the third right
hand side term — to determine aggregate private consumption of each commaodity.
This is equation (46) in chapter 2 of Hertel (1997).

PCOMPRICE (all,i, TRAD_COMM)(all,s,REG)
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pp(i,8)=PM SHR(i,s)* ppm(i,s)+[ 1-PM SHR(i,s)]* ppd(i,s);

This equation defines the prices paid by private households for each commodity.
Thisis equation (47) in chapter 2 of Hertel (1997).

PHHLDDOM (all,i, TRAD_COMM)(al,s,REG)
qpd(i,s)=ap(i,s)+ESUBD(i)* [pp(i,s)-ppd(i,s)];

This equation determines aggregate private demands for the domestic variety of
each commodity. Private consumption of each commodity is a CES composite of
the domestic and imported varieties. This is equation (48) in chapter 2 of Hertel
(1997).

PHHLDAGRIMP (al,i, TRAD_COMM)(all,s,REG)
dpm(i,s)=qp(i,s)+ESUBD(i)* [pp(i,s)-ppm(i,s)];

This equation determines aggregate private demands for the imported variety of
each commodity. Private consumption of each commodity is a CES composite of
the domestic and imported varieties. This is equation (49) in chapter 2 of Hertel
(1997).

ENDW_PRICE (dl,i,ENDWS_COMM)(all,r,REG)
pm(i,r)=sum(k,PROD_COMM,REV SHR(i,k,r)* pmes(i,k,r));

This equation generates the composite price for sluggish endowments. This is
equation (50) in chapter 2 of Hertel (1997).

ENDW_SUPPLY (all,i,ENDWS_COMM)(all,j,PROD_COMM)(all,r,REG)
qoes(i,j,r)=qo(i,r)-endwslack(i,r)+ETRAE(i)* [pm(i,r)-pmes(i,j,"];

This equation distributes the sluggish endowments across sectors according to a
CET transformation function. Thisis equation (51) in chapter 2 of Hertel (1997).

KAPSVCES (all,r,REG)
ksvces(r)=

sum(h,ENDWC_COMM,[VOA (h,r)/sum(k,ENDWC_COMM VOA(k,))]*
qo(h,r));
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This equation defines a variable for capital services for convenience. There is
currently only one capital service (that is, element of ENDWC_COMM), so this
equation isfairly trivial. Thisis equation (52) in chapter 2 of Hertel (1997).

KAPRENTAL (all,r,REG)
rental(r)=

sum(h,ENDWC_COMM,[VOA (h,r)/sum(k, ENDWC_COMM ,VOA(k,")]*
ps(h,r));

This equation defines a variable for the regional, post-tax rental-price of capital for
convenience. It isjust the capital component of the variable ps. Thisis equation (53)
in chapter 2 of Hertel (1997).

CAPGOODS (al,r,REG)
qegds(r)=
sum(h,CGDS_COMM,[VOA (h,r)/REGINV (r)]*qo(h,r));

This equation defines a variable for real regional gross investment for convenience.
There is redly only one capital goods item. This is equation (54) in chapter 2 of
Hertel (1997).

PRCGOODS (al,r,REG)
pcgds(r)=sum(h,CGDS_COMM,[VOA (h,r)/REGINV (n]*ps(h,n);

This equation defines the investment price index (that is, the price of capital
creation) for convenience. Thisis equation (55) in chapter 2 of Hertel (1997).

KBEGINNING (al,r,REG)
kb(r)=ksvces(r);

This equation associates any change in capital services during the period with a
change in capital stock. Full capacity utilization is assumed. Thisis equation (56) in
chapter 2 of Hertel (1997).

RORCURRENT (all, r, REG)
rorc(r)=GRNETRATIO(r)*[rental (r)-pcgds(r)];

This defines the percentage change in the post-tax current rate of return on capital in
region r. Thisis equation (57) in chapter 2 of Hertel (1997).
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ROREXPECTED ! Redundant !
@l, r, REG)
rore(r)=rorc(r)-RORFLEX(r)* [ke(r)-kb(r)];

This defines the percentage change in the post-tax expected future rate of return on
capital. It is derived from the assumption of a constant elasticity between capital
growth and expected rate of return growth. of This is equation (58) in chapter 2 of
Hertel (1997).

RORGLOBAL ! Negated section 3.2!
(al,r,REG)
RORDELTA*rore(r)+
[1-RORDEL TA]*{[REGINV (r)/NETINV(r)]* qcgds(r)
-[VDEP(r)/NETINV (r)]*kb(r)}
=RORDEL TA*rorg+[1-RORDEL TA]* global cgds+cgdslack(r);

This equation determines the partitioning of global net savings into regional
investment either by equating percentage changes in expected future rates of return
(RORDELTA=1), or by equating percentage changes in regional real net investment
(RORDELTA=0). Thisis equation (59) in chapter 2 of Hertel (1997).

GLOBALINV
RORDEL TA*globalcgds+[1-RORDELTA]*rorg=
RORDEL TA*[sum(r,REG,{ REGINV (r)/GLOBINV}* qcgds(r)
-{ VDEP(r)/GLOBINV}*kb(r))]
+[1-RORDELTA]* [sum(r,REG,{ NETINV (r)/GLOBINV}*rore(r))];

This equation calculates either the change in global real net investment (when
RORDELTA=1), or the change in the expected global rate of return on capital
(when RORDELTA=0). Thisisequation (11) in chapter 2 of Hertel (1997).

PTRANS! Altered section 6.2!

VT*pt=sum(i, TRAD_COMM,sum(r,REG,V ST (i,r)* pm(i,r)));
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This equation generates a world price index for international transportation services
based on zero profits. Sales to international transportation are not subject to export
tax. Consequently, the costs to the transport sector depend on the domestic market
prices (variable pm) of the goods sold to international transportation. This is
equation (7) in chapter 2 of Hertel (1997).

TRANSVCES! Altered section 6.2!
(all,i, TRAD_COMM)(all,r,REG)
qSt(I ’r):qt+[pt_pm(i ’r)] ;

This equation generates the demand for international freight services from each
region. It reflects a unitary elasticity of substitution between transportation services
inputs from different regions. Thisis equation (61) in chapter 2 of Hertel (1997).

QTRANS
VT*qgt=sum(i, TRAD_COMM,sum(r,REG,
sum(s,REG,VTWR(i,r,9)*[axs(i,r,s)-atr(i,r,s)])));

This equation computes the global demand for international transportation services
(that is, variable qt). It reflects the fact that the demand for services aong any
particular route is proportiona to the quantity of merchandise shipped (that is,
variable gxs) subject to the technical efficiency of transport services (variable atr).
Thisis equation (62) in chapter 2 of Hertel (1997).

FOBCIF (al,i, TRAD_COMM)(al,r,REG)(all,s,REG)
pcif(i,r,s)=FOBSHR(i,r,s)* pfob(i,r,s)+ TRNSHR(i,r,s)* [ pt-atr(i,r,s)];

This equation links fob and cif prices for good i shipped from regionr to s. Thisis
equation (26) in chapter 2 of Hertel (1997).

PRIMFACTPR (all,r,REG)
VENDWREG(r)* pfactor(r)=sum(i,ENDW_COMM,VOM(i,r)* pm(i,r));

This equation defines a primary factor price index for each region (variable pfactor).
Thisis an addition to GTAP since the version of the model which was documented
in Hertel (1997). It is required for the definition of the world primary-factor price
index (variable pfactwld), which is the current numeraire.
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PRIMFACTPRWLD
VENDWWLD* pfactwld=sum(r,REG,V ENDWREG(r)* pfactor(r));

This equation defines the world primary-factor price index (variable pfactwld). This
is an addition to GTAP since the version of the model which was documented in
Hertel (1997). Variable pfactwld is the current numeraire.

EVREG (al,r,REG)
EV/(r)=[INC(r)/100]* [URATIO(r)* POPRATIO(N)]* [u(r)+pop(r)];

This equation defines the regional EV, which is the money metric welfare change.
Thisis equation (67) in chapter 2 of Hertel (1997).

EVWLD
WEV -sum(r,REG,EV(1))=0;

This equation defines the EV for the world. This is equation (68) in chapter 2 of
Hertel (1997).

EV_DECOMPOSITION ! Altered appendix D !

(al,r,REG)
EV_ALT(r)=
[.OL/INCRATIO(r)]*
[sum(i,NSAV_COMM,PTAX(i,nN*qo(i,r))
+sum(i,ENDW_COMM,sum(j,PROD_COMM ,ETAX(i,j,n*qfe(i,j,r)))
+sum(j,PROD_COMM,sum(i,TRAD COMM,IFTAX(i,j,n)*gfm(i,j,r))
+sum(j,PROD_COMM ,sum(i,TRAD_COMM,DFTAX(i,j,n)*qfd(i,j,r))
+sum(i,TRAD_COMM,IPTAX(i,r)*gpm(i,r))
+sum(i,TRAD_COMM,DPTAX(i,r)*gpd(i,r))
+sum(i,TRAD_COMM,IGTAX(i,r)*qgm(i,r))
+sum(i,TRAD_COMM,DGTAX(i,r)*qgd(i,r))

+sum(i, TRAD_COMM,sum(s,REG,XTAXD(i,r,s)* gxs(i,r,s)))
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+sum(i,TRAD_COMM,sum(s,REG,MTAX(i,s,r)* gxs(i,s,r)))

+sum(i,ENDW_COMM,VOA(i,rn*qo(i,r))

-VDEP(r)*kb(r)

+sum(i,PROD_COMM,V OA(i,r)*ao(i,r))

+sum(i,ENDW_COMM,sum(j,PROD_COMM,
VFA(ij.r)*[afe(i,j.r)+ava(j,n]))

+sum(j,PROD_COMM,sum(i,TRAD_COMM,
[VIFA(,j,n)+VDFA(,j,nN]*af(i,j,r))

+sum(i,TRAD_COMM,sum(s,REG,VTWR(i,s,r)*atr(i,s,r)))

+sum(i,TRAD_COMM,sum(s,REG,V XWD(i,r,s)* pfob(i,r,s)))

+sum(i,TRAD_COMM,V ST (i,r)* pm(i,r))

+NETINV (r)* pcgds(r)

-sum(i, TRAD_COMM,sum(s,REG,VXWD(i,s,r)* pfob(i,s,r)

+VTWR(,s,r)*pt))

-SAVE(r)* psave(r)

+sum(i,TRAD_COMM,VPA(i,n-VPA(I,N*INCPAR(i,r)*up(r)];

This equation calculates regional equivalent variations as the sum of various
contributions to welfare. All the terms on the right hand side occur in exactly one of
the main GTAP welfare decomposition variables (variables CNT*), the definitions
of which are listed below.

WORLDEV
WEV_ALT=sum(r,REG,EV_ALT(r));

Thisis an expression for WEV calculated in an alternative way, that is, as a sum of
contributions to welfare.
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CONT_EV _alleffr! Altered section 7.2 and appendix D !

(al,r,REG)
CNTalleffr(r)=[.OL/INCRATIO(n)]*
[sum(i,NSAV_COMM,PTAX(i,nN*qo(i,r))
+sum(i, ENDW_COMM ,sum(j,PROD_COMM ,ETAX(i,j,")*afe(i,j,")))
+sum(j,PROD_COMM,sum(i,TRAD_COMM,IFTAX(i,j,n)*gfm(i,j,r)))
+sum(j,PROD_COMM ,sum(i,TRAD_COMM ,DFTAX(i,j,r)*qfd(i,j,r))
+sum(i,TRAD_COMM,IPTAX(i,r)*gpm(i,r))
+sum(i,TRAD_COMM,DPTAX(i,r)* gpd(i,r))
+sum(i,TRAD_COMM,IGTAX(i,r)*qgm(i,r))
+sum(i,TRAD_COMM,DGTAX(i,r)*qgd(i,r))
+sum(i,TRAD_COMM,sum(s,REG,XTAXD(i,r,s)* gxs(i,r,9)))
+sum(i,TRAD_COMM,sum(s,REG,MTAX(i,s,r)* gxs(i,s,"N))];

This defines the total contribution to each region’s EV of changes in allocative
efficiency.

CONT_EV_techt Altered section 7.2 and appendix D !
(all,r,REG)
CNTtechr(r)=[.0L/INCRATIO(n)]*
[sum(i,PROD_COMM,VOA(i,r)*ao(i,r))
+sum(i,ENDW_COMM,sum(j,PROD_COMM,
VFA(,j,r)*[afe(i,j,r)+ava(,n]))
+sum(j,PROD_COMM,sum(i,TRAD_COMM,
{VIFA(i,j,n+VDFA(,j,n}*af(i,j,r))

+sum(i,TRAD_COMM,sum(s,REG, {VTWR(i,s,r)*atr(i,s,n})];
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This defines the total contribution to each region’s EV of changes in technical
efficiency.

CONT_EV _totr! Altered appendix D!

(all,r,REG)
CNTtotr(r)=[.01/INCRATIO(N]*
[sum(i,TRAD_COMM,sum(s,REG,{VXWD(i,r,s)*pfob(i,r,s)}))
+sum(i, TRAD_COMM,VST(i,r)*pm(i,r))
-sum(i,TRAD_COMM,sum(s,REG {VIWS(i,s,r)*
[FOBSHR(i,s,r)*pfob(i,s,r)+TRNSHR(,s,r)*pt]))];

This defines the total contribution to each region’s EV of changes in its terms of
trade.

CONT_EV_endwti Altered appendix D!

(all,r,REG)
CNTendwr(r)=
[.0OL/INCRATIO(N]*[sum(i,ENDW_COMM,VOA(i,r)*qo(i,n)];

This defines the total contribution to each region’s EV of gross changes in its
endowments.

CONT_EV_kbr! Altered appendix D!
(all,r,REG)
CNTKkbr(r)=-[.0O1/INCRATIO(r)]*VDEP(r)*kb(r);

This defines the total contribution to each region’s EV of changes to regional capital
stock due to depreciation.
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CONT_EV_MUFr (al,r,REG)
CNT_MUr(r)=[.0OLINCRATIO(n]*
[sum(i,TRAD_COMM,VPA(i,r-VPA(,n)*INCPAR(i,r)*up(r)];

This defines the total contribution to each region’s EV due to the marginal utility of
income.
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B Decomposing foreign income flows

The FTAP model incorporates various types of foreign income flows into national
income. All of these flows can, however, be interpreted as being returns to some
asset.

Therefore, foreign income flows can be expressed as follows: letting R be a rate of
return, P the asset price, Q the quantity of asset and Y the foreign income flow:

Y =RPQ

This can be expressed in linearised form (using lower case letters for percentage
changes) as.

100.AY =100(ARP.Q + RAP.Q + RP.AQ)
=100.P.QAR+RQ.P.p+RP.Qq
= PQ(100.AR)+Y.(p+q)

That is, the change in foreign income is a sum of contributions due to changesin the
rate of return, the asset price and the quantity of the asset (the last being an
endowment effect in GTAP terminology).

The approach to welfare decomposition used in FTAP is to preserve as much as
possible of the GTAP welfare decomposition, which is basically a decomposition of
GDP (since S-I=X-M in GTAP), and introduce separate decomposition terms for
the contributions arising from foreign income.

The rate of return, asset price and endowment contributions in the linearised foreign
income equation give rise to three new welfare decomposition variables for each
foreign income flow in FTAP. The foreign income flows in FTAP are income from

bonds (chapter 3) and FDI (chapter 4), and rents arising from barriers to services

trade (chapter 8). The last set of flows divides into two groups due to the two types

of barriers — barriers to establishment and barriers to ongoing operations — which
are represented as ad valorem tax equivalents on capital andlowgtppéctively.

1 Export taxes in supplying regions are also used to represent barriers to ongoing operations, but
these do not give rise to foreign income flows.
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The names of these new welfare decomposition variables conform to the following
conventions. The names begin with ‘CNT’. The next part of the name indicates the
nature of the contribution and the income flow with which it is associated (table
B.1). The last part of the name may be just ‘r’ indicating a regional dimension or a
more detailed specification of the dimensions where applicable. In the latter case,
following a ‘', the last three characters of the variable name indicate the
dimensions of the variable. The characters are some combination of ‘h’, * " and ‘7',
and indicate whether the variable ranges over a home region, a host region and an

industry, or is an aggregate over one of these dimensions. For example,
VARIABLE (Change)(all,i,TRAD_COMM)(all,d,host) CNTror__hi(i,d)

is the contribution to the change in welfare (equivalent variation) in each host
region due to changes in the rate of return on foreign-owned capital in each sector.

Table B.1 Names of welfare contribution types by income flow

subtitle
Bond income FDI income Impediment income
Barriers to Barriers to
establishment ongoing
(capital taxes) operations (output
taxes)
Rate of return intrate ror anrr anto
Asset price pb pcap anpk anpo
Endowment bond cap anend anqo
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C Petri asset values - defining shares
for the asset supply eguations

The Petri asset values are the weights used in the (linearised) equations that define
(the percentage change in) the quantity of an asset as a share weighted sum of (the
percentage changes in) the quantities of component assets. For example, an
alternative rendering of equation E_c rrf_h i from section 4.3 (ignoring possible
division by zero cases) is

E c rrf_h i (al,i,TRAD_COMM)(all,s,home)
kf_h_i(i,9)= sum{d,host,[VK_HHI(i,sd)/VKF_H_I(i,9]*k_hhi(i,sd)}:

Plainly, the Petri asset values will evolve during the course of a policy simulation
according to quantities determined by, and prices (exponentials of rates of return)
entering into, the asset supply function described in chapter 4. Such evolution is
specified in the GEMPACK TABLO update statements in the implementation of
FTAP.

Regretably, the way Petri asset values are updated is not obvious. Thisis due to a
decision, taken early in the course of model development, to paralel the existing
treatment used by Petri as closely as possible.

Petri (1997) specified the alocation of weath between assets as a nested CES
demand function, rather than as a supply function. The reciprocal of the rate of
return was used as the demand price, so that wealth was allocated in a sensible way,
that is, toward assets with high rates of return.

The attraction of this approach isthat theinitial Petri asset values are identical to the
conventional asset values if the initial quantities of capital are set equal to net (of
depreciation) rentals to capital — as they were in Petri (1997) (page 14).

FTAP development has paralleled this as closely as possible, subject to two
alterations. First, the reciprocal of tegionential of the rate of return was used to
accommodate the possibility of negative rates of return. Second, gross rather than
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net rentals were used as the initial quantities of capital, again to avoid the possibility
of negative net returns.1

Consequently, each initial Petri asset value is the reciprocal of the exponential of

the asset’s rate of return times the asset’s gross rental value. Each Petri asset value
is updated with the sum of the percentage change in this reciprocal (the ‘r’
variables of chapter 4) and the percentage change in the quantity of the asset, using
GEMPACK TABLO implicit updates. For example, the update statement for the
Petri asset value of foreign capital by industry, home region (owner) and host region
(location) is:

(all,s,home)(all,d,host)(all,i, TRAD_COMM)
VK_HHI(i,s,d)=r_rr_hbhi(i,s,d)*k_hhi(i,s,d);

So asset supply in FTAP is determined by a nested CES demand function with the
reciprocal of the exponential of the rate of return being used as the price of an asset.
The (linearised) equations are identical to a nested CET structure with the
exponentials of rates of return used as prices, but the update statements for Petri
asset values (hence the values of shares entering the equations) are different.

Therefore the asset supply function is not strictly as described — nested CET — in
the main sections of this paper. However, as the linearised equations of FTAP are
identical to the nested CET form, and as it would have been confusing to describe
asset supply as being determined by a nest&ES demand function, the
simplification of using the expression ‘nested CET supply function’ seems
acceptable.

Importantly, both the FTAP and Petri (1997) asset supply specification can be
represented as the outcome of the decisions of optimising agents. This is shown for
the FTAP specification in chapter 10.

1 Both these possibilities become more probable under further sectoral disaggregation of the FTAP
database.

PETRI ASSET VALUES 203



D Miscellaneous changes to the welfare
decomposition

Extensions to the GTAP welfare decomposition to accommodate foreign income
flows have been described in chapters 3, 4 and 8.

This appendix describes other changes, some subtle and some simple, which did not
readily fall under any of the main chapters of this research memorandum.

Fortunately, the entire welfare decomposition is summarised in the equation
EV_DECOMPOSITION, Wwhich expresses the equivalent variation as a sum of
contributions from various effects (allocative efficiency, technical efficiency, terms
of trade and so on).

For this appendix, both the GTAP and FTAP versions of this equation have been
collapsed into one equation. The terms common to both are shown in normal type.
The FTAP specific terms are shown in bold and, where applicable, the GTAP terms
that they replace are on a grey background and are commented out in GEMPACK
style (between two exclamation marks). Alterations are allocated numbers with a
GEMPACK comment. A description of the changes from GTAP to FTAP follows
the equation.

EV_DECOMPOSITION (al,r,REG)
EV_ALT(r)=
[.OL/INCRATIO(r)]*
[sum(i, PROD_COMM, PTAX(i,r)*qo(i,r)) I Alteration 1!
+sum(i, NONCAP_COMM, PTAX(i,r)*qo(i,r)) ! Alteration 1!
+sum(i, ENDWC_COMM, PTAX(i,r)*kr(r)) I Alteration 1!
I+sum(i, NSAV_COMM, PTAX(i,r)*qo(i,r))! I Alteration 1!
+sum(i, ENDW_COMM, sum(j, PROD_COMM, ETAX(i,j,n)*dfe&li,j,))

+sum(j, PROD_COMM, sum(i, TRAD_COMM, IFTAX(i,j,r)*agfm(i,j,r)))
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+sum(j, PROD_COMM, sum(i, TRAD_COMM, DFTAX i.j,))*qfd(i.j,n))

+sum(i, TRAD_COMM, IPTAX(i,n)*gpm(i,r))
+sum(i, TRAD_COMM, DPTAX(i,n)*qpd(i,r)
+sum(i, TRAD_COMM, IGTAX(i,r)*ggm(i,r))
+sum(i, TRAD_COMM, DGTAX(i,n*qgd(i,r))
+sum(i, TRAD_COMM, sum(s, REG, XTAXD(i,r,s)* gxs(i,r,s)))

+sum(i, TRAD_COMM, sum(s, REG, MTAX(i,s,r)*gxs(i,s,r)))

+sum(i, ENDW_COMM, VOA(i,r)* I Alteration 2!

[qo(i,r)-sum{k, ENDWC_COMM:k eqi, qo(i,r)-kr(r)}]) ! Alteration 2!

I+sum(i, ENDW_COMM, VOA(i,r*qo(i,r))! I Alteration 2!

-VDEP(r)*[deprate(r)+kb(r)] ! Alteration 3!

I-VDEP(r)*kb(r)! I Alteration 3!

+sum(i, PROD_COMM, VOA(i,r*ao(i,r))

+sum(i, ENDW_COMM, sum(j, PROD_COMM,
VFA(ij,r)*[afe(i.j.r)+ava(j.n]))

+sum(j, PROD_COMM, sum(i, TRAD_COMM,
[VIFA(,j,nN+VDFA(,j,N]*af(i,j,n))

+sum(i, TRAD_COMM, sum(s, REG, VTWR(i,s,r)*atr(i,s,r)))

+sum(i, TRAD_COMM, sum(s, REG, VXWD(i,r,s)* pfob(i,r,s)))

+sum(i, TRAD_COMM, VST (i,r)*pst(i,r)) I Alteration 4!

I+sum(i, TRAD_COMM,V ST (i,r)* pm(i,r))! I Alteration 4!

+NETINV (r)* pcgds(r)

-sum(i, TRAD_COMM, sum(s, REG, VXWD(i,s,r)*pfob(i,s,r)

+VTWR(i,s,r)*pt))
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-SAVE(r)* psave(r)

+sum(i, TRAD_COMM, VPA(i,r)-VPA(i,r)* INCPAR(i,")* up(r)

+YCR(r)*qyir(r)+YCITR(r)*y_r(r) I Alteration 5!
+100*yfdi_h_ (r) I Alteration 5!
+100*yank_h__ (r)+100*yanp_h__(r)]; I Alteration 5!

The first alteration is required because of the introduction of industry specific
capital in FTAP. A consequence of this is that there is no unique measure of the
regional capital stock. In linearised form, the regional capital stock is a share-
weighted sum of industry specific capital, but different values will be obtained
through using asset-value weights versus rental weights.1 In FTAP the capital
component of the GTAP variable go is equated with the asset weighted measure.
The rental weighted measure is a new variable kr. Which is the correct measure to
use in the welfare decomposition depends on the context. In the derivation of the
welfare decomposition (Huff and Hertel 1996), the GTAP expression

sum(i, NSAV_COMM, PTAX(i,n)*qo(i,r))

arises from the (linearised) terms for income tax revenue. For capital, the tax baseis
the rentals to capital. Consequently, go in this expression must be replaced by kr.

The second alteration is for the same reason as the first.

The third alteration is required because of the introduction of constant industry-
specific depreciation rates in FTAP. If depreciation rates vary among industries (as
they do in the FTAP database), then the regional depreciation rate can vary during
the course of a simulation due to compositional change. The percentage change in
the regional depreciation rate is FTAP variable deprate.

The fourth alteration is because, in contrast to GTAP, the FTAP price of
international freight services (variable pst) is not equal to the market price of output
(variable pm). The reason for thisis discussed in chapter 6.

The three lines of the fifth alteration are the foreign income flows described in
chapters 3, 4 and 8, respectively.

1 Thisisnot soin GTAP, where capital is perfectly mobile between industries within aregion.
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E Datarequirementsfor GTAPICM

As indicated in Section 3, besides the modifications to the theoretical structure of
GTAP, a number of modifications were also necessary to the GTAP 4 database
(McDougall, Elbehri and Truong 1998) in order to complete the implementation of
the ICM extension in GTAP. These modifications include, in the main, the addition
of new data to GTAP 4. They aso include a smal number of important
modificationsto GTAP 4. This appendix discusses these modifications.

The changes to GTAP 4 will be discussed in terms of the header arrays that were
added or modified. In summary, 14 new header arrays were added to the model, and
three existing header arrays were modified.

In modifying GTAP 4, the data sources and data calculations in the origina
implementation of the ICM extension in SALTER were followed as closely as
possible.

GTAP 4 is specified in $US million for 1995. For consistency, al data added to
GTAP 4 must also bein $US million for 1995.

E.E.-1Regional aggregation

For the implementation of the ICM extension in GTAP, a 19 region aggregation
was chosen from GTAP 4. The regions were Australia, New Zealand, Japan, the
Republic of South Korea, Indonesia, Malaysia, the Philippines, Singapore,
Thailand, China, Hong Kong, Taiwan, Canada, the United States, Mexico, Chile,
the rest of the Cairns Group (ROC), the European Union (EUN) and the rest of the
world (RST). Except for the last three regions, all are stand alone regionsin GTAP
4. ROC, EUN and RST are aggregations of existing GTAP 4 regions. ROC includes
Colombia, Argentina, Brazil and Uruguay. EUN includes the 15 European Union
members at the time of writing. All remaining regions are aggregated into RST.

In most cases, the data collected were in the form of ratios (usually as a proportion
of gross domestic product), which were subsequently applied to the GDP valuesin
the GTAP 4 database to calculate $US dollar values for 1995. In these cases, for the
aggregated regions ROC, EUN and RST, individual country ratios were aggregated
using gross domestic product (in $US) shares taken from World Bank (1997), Table
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12 titled ‘Structure of the economy: production’. Where the raw data were collected
in the form of dollar values, they were aggregated where necessary using simple
sums.

For RST, data were only collected for four countries. These were India, South
Africa, Switzerland and Turkey. These countries were chosen either for their large
size (eg Switzerland and South Africa) relative to other nations represented in this
group, for being typical of other nations in their geographic area, or for both of
these reasons (eg India is large and is also representative of other South Asian
nations). All in all, this required that data be collected for a total of 39 countries.

E.E..2Taxes on labour and property income, by region

The header arrays CM05 and CMO06 contain data on taxes on labour income and
property income, respectively, for each region. They are used to calibrate the
coefficients RVTXYCLBR(r) and RVTXYCPPR(r), respectively. Both of these
coefficients are defined over the set REG.

The calibration of these ‘coefficients’ can be represented algebraically by the
following equations:

RVTXYCLBR(r) =
{GDP(r)*[TOTINCTAX(r)/GDP_DC(r)]}*
{LABINCTAX(r)/ TOTINCTAX(n};

RVTXYCPPR(r) =
{GDP(r)*[TOTINCTAX(r)/GDP_DC(r)]}*
{PROPINCTAX(r)/ TOTINCTAX(n};

where GDP(r) is the GTAP coefficient for the value of gross domestic product in
region r, TOTINCTAX(r) is total income tax in region r, GDP_DC(r) is current
price gross domestic product in region r, LABINCTAX(r) is labour income tax in
region r and PROPINCTAX(r) is property income tax in region r. All these non-
GTAP ‘coefficients’ are for 1995 and are specified in domestic currency. The first
term in curly brackets on the right hand side of each of the above equations is total
income tax in $US million for 1995 in region r. The second term in curly brackets is
the ratio of either labour or property income tax, to total income tax in region r,
respectively. Together these two terms calculate labour or property income tax in
each region, in $US million for 1995.

20820 THE STRUCTURE OF
8 THE FTAPMODEL



The primary data source for the coefficients TOTINCTAX(r), LABINCTAX(r) and
PROPINCTAX(r) is IMF (1997a), ‘Country tables’, line 1.1 (assumed to be labour
taxes), line 1.2 (assumed to be property taxes), line 1.3 (assumed to be property
taxes), and line 2 (assumed to be labour taxes).

The data source for Japan was Statistics Bureau (1996), Table 14-7, titled ‘National
Taxes by Item’, and Table 14-14 titled ‘Local Tax Revenue by Tax Item’. The data
source for Taiwan was Directorate-General of Budget (1997), Table 139 titled
‘Total tax revenues’. The data source for Singapore was Singapore Department of
Statistics (1997), Table 16.8 titled ‘Taxpayers, Assessed Income & Gross Tax
Assessed, 1995, Gross tax assessed, Companies’. The data source for Hong Kong
was Census and Statistics Department of the Government of the Hong Kong Special
Administrative Region (1997), Table 8.2 titled ‘Actual Revenue (General Revenue
Account and Funds), 1994/95'.

Where data were not available for 1995 for certain countries, the latest year for
which data were available was used in its place. The countries (and the years for
which data were collected) were Belgium (1994), Brazil (1993), Canada (1994),
Colombia (1985), Germany (1993), Indonesia (1994), Ireland (1994), Italy (1994),
Japan (1993), Portugal (1990) and Spain (1994).

The primary data source for GDP_DC(r) was IMF (1997b) ‘Country Tables’, Line
99b, or 99b.c or 99b.r. Data for Hong Kong were sourced from
http://www.info.gov.hk/censtatd/. Data for Luxembourg were sourced from
Statistics Directorate, OECD (1997).

Table E.1 reports total income taxes (as a percentage of gross domestic product
(GDP)), and taxes on labour income and taxes on property income (as a percentage
of total income taxes), for all GTAPICM regions.

E.E..3Transfers from government to private households,
by region

The name of this header array is CM01, and it contains data required to calibrate the
coefficient URGVHHR(r). This coefficient is defined over the set REG.
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Table E.E.:1 Taxes on labour and property income by GTAPICM region

Total income taxes Taxes on labour Taxes on property
income income
% of GDP % of total income % of total income taxes

taxes
Australia 15.61 73.94 26.06
New Zealand 21.31 74.62 25.38
Japan 8.59 58.48 41.52
Korea 7.90 68.67 31.33
Indonesia 8.97 20.53 79.47
Malaysia 9.74 33.04 66.96
Philippines 5.83 34.77 65.23
Singapore 6.73 42.97 57.03
Thailand 6.14 36.94 63.06
China 1.56 14.40 85.60
Hong Kong 6.90 42.97 57.03
Taiwan 4.63 54.04 45.96
Canada 22.15 88.74 11.26
United States 19.41 86.56 13.44
Mexico 7.59 31.22 68.78
Chile 5.05 62.96 37.04
ROC 10.42 72.04 27.96
EUN 25.70 87.73 12.27
RST 12.19 71.00 29.00

Source: See text.

The calibration of URGVHHR(r) can be represented algebraically by the following
equation:

URGVHHR(r) =
[(RVTXYCR(r) + GRCOMT(r)] - CGGS(r) -
sum(i,TRAD_COMM, VGA(i,n);

where RVTXY CR(r) isthe GTAPICM coefficient for income tax revenue in region
r, GRCOMT(r) is the GTAPICM coefficient for net (of subsidies) indirect tax
revenue in region r, and VGAC(i,r) is the GTAP coefficient for the agent’s (or post-
tax) price value of government household expenditure on commodity i in regionr.

CGGS(r) isthe consolidated general government surplusin region r (in $US million
for 1995). This includes all levels of government and is net of capital expenditure.
IMF (1997b) contains data for CGGS(r), which is defined as total revenue plus total
grants, less total recurrent expenditure, plus lending minus repayments. The data
were taken from the ‘Country tables’, ‘Summary Table, Consolidated Central
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Government’, Lines 11 and 9, ‘Table St. State, Region or Province Governments’,
Line S.11 and line IV (table C), and ‘Table L. Local Governments’, Line S.11 and
line IV (table C).

IMF (1997b) did not contain data on CGGS(r) for Chile, Hong Kong and Taiwan.
Data for Hong Kong were taken from Data Census & Statistics Division (1997),
Tables 8.2 and 8.3. Data for Taiwan were taken from Council for Economic
Planning & Development (1998). Data for Chile were taken from WTO (1997),
Table 1.2 Economic performance, 1990-96.

CGGS(r) data for 1995 were not available for all countries. In these cases, the latest
available data were used instead. The countries (and years for which data were
collected) were Brazil (1993), Canada (1991), Colombia (1986), India (1994),
Indonesia (1993), Ireland (1994), Japan (1989), Mexico (1994), Spain (1994) and
the Philippines (1992). Where non-1995 data were used, it was scaled to 1995 by
the difference in GDP_DC(r) in 1995 and the year for which the data were
collected.

Once data had been collected for 1995, or scaled to 1995, they were converted from
domestic currency to $US, using the exchange rate in the year for which the data
were collected. Exchange rates were sourced from IMF (1997b), using the ‘rf’
series data, or ‘rh’ series data where the ‘rf’ was not available.

Table E.2 reports CGGS(r) in 1995 $US million for all GTAPICM regions.

E.E.-4 Abnormal earnings of capital, by region and
industry

The name of this header array is CM02, and it contains data required to calibrate the
coefficient ENANKPRI(j,r). This coefficient is defined over the sets
TRAD_COMM and REG.

In long-run equilibrium, no abnormal returns can be earned. To reflect this, all
entries in this header array are set equal to zero.

E.E..5Net interest receipts of government, by region

The name of this header array is CMO4, and it contains data required to calibrate
the coefficient RCGVITR(r). This coefficient is defined over the set REG.
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Table E.E.-2 Consolidated general government surplus (CGGS) by GTAPICM

region
1995 $US million
Australia 6 794
New Zealand 749
Japan 364 523
Korea 17 492
Indonesia 18 218
Malaysia 8 767
Philippines 2180
Singapore 15 319
Thailand 15000
China 21 330
Hong Kong 2221
Taiwan 28 399
Canada -29 130
United States 70 590
Mexico 8518
Chile 3567
ROC 1197
EUN -74 578
RST -9 317

Source: See text.

The calibration of RCGVITR(r) can be represented algebraicaly by the following
eguation:

RCGVITR() =
GDP(r)*{[NGIP(r)/GDP_DC(1)]*-1};

where NIP(r) is net government interest payments in region r, specified in domestic
currency for 1995.

The primary data sources for NGIP(r) were IMF (1996) and IMF (1997a). The data

were taken from Table B titled ‘Expenditure by Function, Consolidated Central
Government’, Line 14 titled ‘Other Expenditures of which: Interest Payments’. For
Japan the data source was Statistics Bureau (1996), Table 14-3 titled ‘General
Disbursements, Interest Paid'.

IMF (1996, 1997a) did not contain data for Hong Kong, Taiwan, South Africa and
China. In its place, data were used from Singapore (for Hong Kong), South Korea
(for Taiwan), Mexico (for South Africa) and Indonesia (for China).
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Table E.E.-:3 Net government interest payments by GTAPICM region

% of GDP
Australia 1.72
New Zealand 4.24
Japan 2.41
Korea 0.61
Indonesia 1.58
Malaysia 3.08
Philippines 3.81
Singapore 1.01
Thailand 0.34
China 1.58
Hong Kong 1.01
Taiwan 0.61
Canada 4.39
United States 3.19
Mexico 2.83
Chile 0.72
ROC 13.02
EUN 7.50
RST 2.76

Source: See text.

Most data were available for 1995, except for Brazil (1993), Colombia (1993),
Canada (1994), Ireland (1994) and Spain (1994). In these cases, where data for
NGIP(r) were collected for a year other than 1995, then equivalent year data were
collected for GDP_DC(r). For example, the latest available data on NGIP(r) for
Brazil wasfor 1993. Thus, GDP_DC(r) for Brazil was also collected for 1993.

Table E.3 reports net government interest payments (NGIP(r)) as a percentage of
GDPfor all GTAPICM regions.

E.E..6Net interest income of households, by region

The name of this header array is CMO3, and it contains data required to calibrate
the coefficient Y CHHITR(r). This coefficient is defined over the set REG.

The calibration of YCHHITR(r) can be represented algebraically by the following
eguation:

YCHHITR(r) =

{[(FIRA(r) - FIPA(r))/GDP_DC(r)]* GDP(r)}*
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{[CIRA(r) - CIPA(N]/[FIRA(r) - FIPA(N]} - RCGVITR(r);

where FIRA(r) is total factor income received from abroad by region r, FIPA(r) is

total factor income paid abroad by region r, CIRA(r) is capital income received

from abroad by region r, and CIPA(r) is capital income paid abroad by region r. All

these ‘coefficients’ are specified in domestic currency for 1993, as data for 1995

were not available for any countries at the time. When summed across all regions,
YCHHITR(r) must equal zero. To ensure this condition is met, the value used for

RST is calculated as the sum of YCHHITR(r) for all other regions, multiplied by -1.

The primary data source for FIRA(r), FIPA(r), CIRA(r) and CIPA(r) is UN (1996).
Data for FIRA(r) were taken from Table 1.7 titled ‘External transactions on current
account summary’, section titled ‘Receipts from the rest of the world’, line 2. Data
for FIPA(r) were also taken from the Table 1.7, section titled ‘Payments to the rest
of the world’, line 2. Data for CIRA(r) and CIPA(r) were taken from the same table
and sections as FIRA(r) and FIPA(r), but line 2B.

For Australia, the data source was ABS (1998), Table 41 titled ‘External Account,

current prices’. For Taiwan, the data source was Council for Economic Planning &

Development (1998), Table 100 titled ‘External transactions’. For Singapore, the

data source was Singapore Department of Statistics (1997), Table 5.2 titled ‘Output,
saving and investment (at current market prices)’. For Hong Kong, the data source
was Census & Statistics Division (1997), Table 17.9 titled ‘Estimates of Gross

National Product and External Factor Income Flows by Income Component by
Type of Transactor (at current market prices)’.

Data for FIRA(r) and FIPA(r) were unavailable for Argentina. In its place, data
were used from Brazil. Data for CIRA(r) and CIPA(r) were unavailable for
Argentina, Chile, China, Indonesia, Singapore, Thailand, Turkey, and Uruguay. In
its place, data were used from Brazil (for Argentina, Chile, and China), from India
(for Indonesia), from Hong Kong (for Singapore), from Malaysia (for Thailand) and
from Greece (for Turkey).

For certain countries data was not available for 1993. In these cases, the latest
available data were used. The countries (and the years for which data were
collected) were Australia (1994/95), Brazil (1989), Chile (1990), Colombia (1992),
Greece (1992), Hong Kong (1995), Luxembourg (1991), Malaysia (1992), Portugal
(1989), Singapore (1995), South Africa (1992), Taiwan (1995) and Uruguay (1991).

Table E.4 reports the data collected on net factor income from abroad (as a
percentage of GDP) and net capital income from abroad (as a percentage of net
factor income from abroad) for all GTAPICM regions.
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Table E.E.-4 Net factor income from abroad and net capital income from
abroad by GTAPICM region

Net factor income from abroad  Net capital income from abroad

% of GDP % of net factor income from
abroad
Australia -3.87 100.88
New Zealand -3.98 100.00
Japan 0.94 95.43
Korea -0.64 128.33
Indonesia -4.68 97.36
Malaysia -5.09 98.86
Philippines 3.04 -57.07
Singapore 0.98 100.00
Thailand -1.86 98.86
China -11.13 97.36
Hong Kong 1.34 100.00
Taiwan 0.90 144.08
Canada -3.42 0.00
United States 0.26 100.63
Mexico -2.72 106.66
Chile -5.83 99.12
ROC -3.08 98.96
EUN 0.73 49.38
RST 0.48 135.57

Source: See text.

E.E.-7Rate of growth in real household income and real
government receipts, by region (per year)

The header arrays CMO9 and CM11 contain data on the rate of growth in real
household income and government receipts, respectively, for each region. They are
used to calibrate the coefficients GTYCHHRLR(r) and GTYCGVRLR(r),
respectively. Both of these coefficients are defined over the set REG.

These coefficients are both set equal to the average annual growth rate of real gross
domestic product in each region, for the period 1985 to 1995, expressed as a
fraction.

The primary data source was Statistics Directorate (1998). Data were taken from
Table ‘Volume Indices, Gross Domestic Product’.

For Argentina, Brazil, Chile, Colombia, Denmark, Germany, India, Indonesia,
Ireland, Korea, Portugal, RST, South Africa and Uruguay, data were taken from
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IMF (1997b), ‘Country tables’, lines 99b.p, 99b.r, 99a.p or 99a.r. All refer to
constant price GDP. Data for RST were taken from the ‘World tables’, GDP at
constant prices, line 001.

Data for Malaysia, the Philippines, Singapore, Thailand and Turkey were taken
from Economic & Social Commission for Asia & the Pacific (1997), ‘Country
tables’, line ‘National Accounts, Gross national product at constant prices’.

Data for Belgium, Greece and Luxembourg were taken from Statistics Directorate
(1997), Table 3.1, line ‘Real gross domestic product'.

Data for Taiwan were taken from Council for Economic Planning & Development
Council for Economic Planning & Development (1998).

Data for China were taken from State Statistical Bureau (1996), Table 3-4 titled
‘Indices of Gross Domestic Product’.

Data for Hong Kong were taken from Census & Statistics Division (1997), Table
17.2 titled ‘Gross Domestic Product Estimates by Main Expenditure Component’,
line ‘Expenditure-based GDP at constant (1990) market prices’.

Table E.5 reports the average annual growth of real GDP over the period 1985-
1995, by GTAPICM region.
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Table E.E.-5 Average annual growth of real GDP, 1985-1995, by GTAPICM

region
per cent
Australia 3.06
New Zealand 1.61
Japan 3.03
Korea 8.77
Indonesia 6.69
Malaysia 7.77
Philippines 3.48
Singapore 8.51
Thailand 9.40
China 9.97
Hong Kong 6.53
Taiwan 7.68
Canada 2.21
United States 2.42
Mexico 1.72
Chile 7.00
ROC 2.74
EUN 2.67
RST 3.39

Source: See text.

E.E..8Capital depreciation and net saving, by region

The data for net (of capital depreciation) saving in each region is contained in the
GTAP 4 header SAVE. The 19 region aggregation of GTAP 4, chosen for the initial
implementation of the ICM extension in GTAP, gives negative net saving for two
regions. These are the Philippines and Hong Kong. With negative net saving, the
allocation of income between consumption and saving can no longer be regarded as
the result of a utility maximising decision. For instance, consider total consumption
(government and private household spending) as one item. Then, when net saving is
negative, nominal consumption is equal to a constant proportion of nominal income
in the GTAP specification. The income elasticity of consumption is 1, and the
uncompensated price elasticity is-1. The compensated price elasticity is thus, by the
Slutsky relationship,

-1 +[SC(r)]*1>0

where SC(r) is the share of consumption in income in region r, since the share of
consumption in income is greater than 1. Thus the allocation of income cannot be
the outcome of a utility maximisation decision. Consequently, to avoid spurious
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welfare results from policy simulations, negative net saving values must be
removed from the database.

GTAP 4 contains headers for net saving in each region (SAVE(r)) and capital
depreciation in each region (VDER(r)), where net saving is equal to

SAVE(r) =
GROSSAVE(r) - VDEP(r);

where GROSSAVE(r) is gross saving in region r. GROSSAVE(r) is not directly
observable in the GTAP database. Thus in order to increase SAVE(r) to a positive
value for the Philippines and Hong Kong, VDERP(r) must be decreased and SAVE(r)
increased by the same absolute amount. This maintains the initial value of gross
domestic product and a balanced database, for each region.

For the Philippines, negative net saving was removed by setting the depreciation
rate equal to the lowest depreciation rate observed in all other regions. This was
7.08 per cent for Taiwan. For Hong Kong, the above procedure still left negative
savings. Therefore, the depreciation rate was set (arbitrarily) equal to half the
depreciation rate for Taiwan.

E.E.-9Capital stock, by region

The capital stock data are contained in the GTAP 4 header VKB(r). In long run
equilibrium, the net (of depreciation) rate of return on capital is equal in each
region. The GTAPICM theoretical structure assumes this parity condition.
However, the GTAP 4 capital stock data are not calibrated for long run equilibrium.
To prevent these differences from distorting capital stock results, VKB(r) for each
region is adjusted, up or down as the case may be, to ensure that the net (of
depreciation) rate of return on capital in each region is equal that for the world as a
whole, ie 8.1 per cent.

E.E.-10 Steady-state rate of growth in real capital stock,
by region

The name of this header array is CM 14, and it contains the data required to calibrate
the coefficient GTSSKPR(r). This coefficient is defined over the set REG.

The calibration of GTSSKPR(r) can be represented algebraically by the following
equation:
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GTSSKPR(r) =
{REGINV(r) - VDEP(1)}/
{[sum(c, ENDWC_COMM, EVOA(c,r)) - VDEP(1)]/RTEQR(1)};

where REGINV(r) is the GTAP coefficient for gross investment in region r,
ENDWC COMM is the set of the single capital endowment commodity,
EVOA(c,r) is the agent’'s (or post-tax) price value of output of commodity ¢ in
region r, and RTEQR(r) is the GTAPICM coefficient defining the pre-tax net (of
depreciation) rate of return on capital in region r. The values used for VDEP(r) are
those after the net saving was adjusted to remove negative values for the Philippines
and Hong Kong.

The first term in curly brackets on the right hand side of the above equation is the
net addition to the capital stock in each region. The second term in curly brackets is
a capital stock figure. Together these two terms calculate the steady-state capital
stock growth rate, which is used in the GTAPICM theoretical structure to represent
the rate of growth in each region which is consistent with zero change, over time, in
the rate of return on capital. If GTAP 4 were calibrated to represent long-run
equilibrium, the actual rates of growth implicit in the database would be close to the
steady-state growth rates. But GTAP 4 is not calibrated for long-run equilibrium.
Thus, to prevent deviations from long-run equilibrium from distorting investment
results, the entries for GTSSKPR(r) are calculated to be equal to the actual capital
stock growth rates implicit in the database.

E.E.-11 World real bond rate

The name of this header array is CMO7, and it contains the datum required to
calibrate the coefficient RTBD.

This coefficient is set equal to the world net (of depreciation) rate of return on
capital implied in the GTAP 4 database, after the capital stock has been calibrated
for long run equilibrium (see Capital Stock).

The calibration of GTSSKPR(r) can be represented algebraically by the following
equation:

RTBD =

sum(c,ENDC_COMM, sum(r,REG, EVOA(c,r)) - VDEP(r)/VKB(r));
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E.E.-12 Coefficient for FORMULA (INITIAL) statements

The name of this header is 1. It contains the datum required for the GTAPICM
coefficient FIRST.

FIRST is set equal to 1 for initial implementation, and updated to a value of zero in
the updated database.

This coefficient is used to explicitly adjust, in the TABLO code, two GTAP
coefficients in the database. This is done only for the initial implementation of the
ICM extension. For post-initial simulations of GTAPICM, this coefficient has no
effect.

FIRST is used to make the following adjustments to GTAP coefficients:
to add net interest receipts to net saving in each region;
to subtract taxes on labour income from post-tax labour income; and

to subtract taxes on property income from post-tax property income.

E.E.-:13 Length of simulation period

The name of this header array is CM10, and it contains the datum required to
calibrate the coefficient LGPRSM.

Thisisasingle parameter which is set equal to 10.

E.E.-:14 Coefficient of adjustment in returns to capital

The name of this header array is CM12, and it contains the datum required to
calibrate the coefficient CEAJRTKPR.

This coefficient is set equal to 0.2.

E.E.-15 Elasticity of the expected rate of return on
capital with respect to the size of the capital stock,
by region

The name of this header array is CM 13, and it contains the data required to calibrate
the coefficient EL_ERCRK K _R(r). This coefficient is defined over the set REG.
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These elasticities are set so that they agree with those implicit in the initial database.
The implicit eladticities are obtained via simulation once all other data
modifications have been completed. Shocks of 1 are applied to the equity premium
shift variables frer(r), on a country by country basis. The elasticities are the
calculated by the following equation:

EL ERCRK_K R(r) =
1{[RTEQR(r) + RTDPR(r)]*kt(r)};

where RTDPR(r) is the GTAPICM coefficient for the depreciation rate in region r
and kt(r) is the GTAPICM variable for the capital stock in region r. These
elasticities are then incorporated in the database, and the simulation repeated with
the revised database. This procedure is repeated until the changes in
EL_ERCRK_K_R(r) are not discernible to six decimal places.

E.E.:16 Pre-tax rate of return on equity, by region

In the SALTER model, the values for this coefficient, RTEQR(r), were calculated
from the database and stored in the header MKO7 in the data files. In GTAPICM,
this coefficient is now calculated viaa FORMULA statement in TABLO input file.
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F  Asset supply transformation
elasticities - some numerical
examples

This appendix examines the responsiveness of capital supply for different users at
different levels of a CET nest, when total wealth in the supplying region is held
constant. Several numerical examples, based on a dlight simplification of the asset
supply function in chapter 4, but using actual data from the FTAP database, are
provided.

The structure of the CET nest is portrayed by figure F.1, where the lowest level in
the nest is the choiceto invest in foreign regions.

When total wealth at the highest level of a CET nest is fixed, the transformation
elasticity of capital supply at lower levels can be magnified to be much larger than

the CET parameter specified at that level of the nest. The magnification depends
largely on the shares at that ‘node’ in the structure in relation to the total wealth at
the top level.

The following explanation for this phenomenon is taken from Truong (1999). The
specified parameters at each level of the structure only represent the transformation
of capital, between possible activities or destinations, for a fixed amount of capital
at that level, while the total wealth can vary. Thus changes in the choice of
destinations of capital, with total foreign capital ownership fixed, are only
movements along the foreign-capital-fixed transformation curve, from A to B in
figure F.2. In contrast, when total wealth is held constant, changes in relative prices
are likely to change other decisions of capital suppliers, for example, as regards
domestic versus foreign investment. The aggregate investment at different levels in
the CET nest is therefore no longer constant. It can be higher or lower, depending
on relative profitabilities. Graphically, it is represented as a shift in the
transformation curve, from | to Il, for example. Thus the magnitude of
transformation of investment among destinations is magnified, from A to C instead.
Changes to a low base are usually large in percentage changes. Consequently,
countries that have low outward foreign investments usually have high
transformation elasticities of investment among foreign destinations.
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Figure F.1  Nested CET structure of investor choice
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Examples of this phenomenon, and other interesting interactions, will be examined
for the nested CET structure in figure F.1. Thisis asimplification of the FTAP asset
supply function illustrated in figure 2.3. Also, for simplicity of the exercise, bonds,
land and natural resources are grouped together in bonds. Only two foreign regions,
high-income and low-income, are presented in these examples. The calculations are
in the companion spreadsheet CAP_SUB_NEST.XLS using data on bonds and
capital extracted from the FTAP database. In this spreadsheet, specified parameters
(or CET nested parameters) for levels from 0 to 3 are named as sigma0, sigmal,
sigma2, and sigma3, respectively.
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Figure F.2  Magnification of lower level substitution elasticities

Region 1

Total wedlth
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------
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Aggregate investment in
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Data source: Adapted from Truong (1999).

Formulas to calculate transformation elasticities with an assumption of a fixed
amount of total wealth for aregion are taken from Keller (1980), page 83:

Level 3 (The highest level): Bonds vs Capital

N ez = SIgMa3/B_Cap_shr

Level 2: Among three sectors

Niea2 = SigmMa2/Cap_shr - sgma3* (1/Cap_shr - 1/B_Cap_shr)

Level 1: Between Domestic and Foreign for each sector
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Niea1p = (SgmalP/Pri_Total_K_shr)
— sigma2*(1/Pri_Total_K_shr - 1/Cap_shr)
— sigma3*(1/Cap_shr - 1/B_Cap_shr)
Nia1s = (SIgMalS/Sec_Total_K_shr)
— sigma2*(1/Sec_Total K _shr - 1/Cap_shr)
— sigma3*(1/Cap_shr - 1/B_Cap_shr)
N1t = (SigmalT/Ter_Total_K_shr)
— sigma2*(1/Ter_Total _K_shr - 1/Cap_shr)

— sigma3*(1/Cap_shr - 1/B_Cap_shr)

Level O (the bottom level): Two destinations abroad for each sector
Nisor =  SigmaOP/Forgn_Tot_PriK_shr

— sigmal*(1/Forgn_Tot_PriK_shr - 1/Pri_Total _k_shr)

— sigma2*(1/Pri_Total_k_shr -1/Cap_shr)

— sigma3*(1/Cap_shr - 1/B_Cap_shr)

N lavaios = sigma0S/Forgn_Tot_SecK_shr
— sigmal*(1/ Forgn_Tot _SecK_shr - 1/Sec_Total K _shr)
— sigma2*(1/Sec_Total _K_shr -1/Cap_shr)

— sigma3*(1/Cap_shr - 1/B_Cap_shr)

M tevei o1 = sigmaOT/Forgn_Tot_TerK_shr
— sigmal*(1/Forgn_Tot_TerK_shr - 1/Ter_Total_K_shr)

— sigma2*(1/Ter_Total_K_shr -1/Cap_shr)
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— sigma3*(1/Cap_shr - 1/B_Cap_shr)

where:

B_Cap_shr = share dbnds plus capital in total wealth (at this highest level of
the nest, level 3, total wealth equals the surboofls and capital, so the share
is 1 in this case)

Cap_shr = share of capital in total wealth (Level 2)

Pri_Total K _shr, Sec_Total K_shr, and Ter_Total K _shr = sectoral capital
shares in total wealth (Level 1)

Forgn_Tot PriK_shr, Forgn_Tot SecK_shr, and Forgn_Tot TerK shr =
shares in total wealth of capital invested abroad by sector (Level 0)

In figure F.1, all investing regions face the same CET parameter for the same level
in the nest, although different levels in the nest have different parameters. However,
the observed elasticities of transformation at the same level in the nest are not the
same for all investing regions, and not even the same among sectors for an
individual investing region. The main reason for this is differences in capital shares

in total wealth in each investing region.

Interesting patterns are highlighted in the following dot points, based on the
observed elasticities provided in the following four boxes, which are based on data
for Australia, a country typical of those with relatively large investment abroad.
Note that short arrows in the box indicate experimental changes in the CET
specified parameters in the upper and lower parts of each box, while long arrows
represent changes to the implied transformation elasticities.

The elasticity of transformatiom) at levels 0 and 1 is not sensitive to values of
sigma3 (box F.1) since the share of bonds plus capital in total wealth is 1.

The elasticity of transformatiom) at leveln is inversely related to sigma level
(n+1) (box F.2) when holding sigma at levetonstant.

The elasticity of transformatiom) at level O isextremely sensitive to specified
parameters at levels 0 and 1, but in opposite directions:

- it is positively related to sigma0O (box F.3), but

- itisinversely related to sigmal (box F.4).
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Box F.1

AUS
Bonds vs Capital
Three Sectors
Dom vs Foreign

Pri

Sec

Ter

Groupl vs Group2

Pri
Sec
Ter

Elasticities
1.0
1.22

2.03
2.43
1.36

8.0
11.9
9.8

Insensitivity to sigma3

CET Specified Parameters
Level 3
Level 2
Level 1

Level O
4 “—

1l &«
1.2
1.3

1.4

The set of CET parameters above is the standard setting in the FTAP model

AUS Elasticities CET Specified Parameters
Bonds vs Capital 0.5 Level 3 05 &
Three Sectors 1.26 Level 2 1.2
Dom vs Foreign Level 1 13

Pri 2.07

Sec 2.47

Ter 1.40
Groupl vs Group2 Level O 1.4

Pri 80 ¢¥——

Sec 11.9

Ter 9.9
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Box F.2 Inverse relationship to sigma at higher levels

AUS Elasticities CET Specified Parameters
Bonds vs Capital 0.5 Level 3 0.5
Three Sectors 0.83 Level 2 0.8
Dom vs Foreign Level 1 1.3

Pri 487 4—

Sec 6.88

Ter 1.53
Groupl vs Group2 Level O 1.4

Pri 10.8

Sec 16.3

Ter 10.0

AUS Elasticities CET Specified Parameters
Bonds vs Capital 0.5 Level 3 0.5
Three Sectors 1.26 Level 2 1.2
Dom vs Foreign Level 1 1.3

Pri 207 44—

Sec 2.47

Ter 1.40
Groupl vs Group2 Level 0 1.4

Pri 8.0

Sec 11.9

Ter 9.9
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Box F.3 Extreme sensitivity to sigma0: positive relationship
AUS Elasticities CET Specified Parameters
Bonds vs Capital 1.0 Level 3 1
Three Sectors 1.22 Level 2 1.2
Dom vs Foreign Level 1 13
Pri 2.03
Sec 2.43
Ter 1.36
Groupl vs Group2 Level O 14 €«—
Pri 80 E*——
Sec 11.9
Ter 9.8
AUS Elasticities CET Specified Parameters
Bonds vs Capital 1.0 Level 3 1
Three Sectors 1.22 Level 2 1.2
Dom vs Foreign Level 1 1.3
Pri 2.03
Sec 2.43
Ter 1.36
Groupl vs Group2 Level O 16 €«—
Pri 199 4+—
Sec 30.7
Ter 26.8
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Box F.4 Extreme sensitivity to sigmal: inverse relationship

AUS
Bonds vs Capital
Three Sectors
Dom vs Foreign

Pri

Sec

Ter
Groupl vs Group2

Pri

Sec

Ter

AUS
Bonds vs Capital
Three Sectors
Dom vs Foreign

Pri

Sec

Ter
Groupl vs Group2

Pri

Sec

Ter

Elasticities
1.0
1.22

1.62
1.82
1.29

10.6
16.0
14.0

Elasticities
1.0
1.22

2.43
3.03
1.43

5.4
7.8
5.7

CET Specified Parameters

Level 3 1
Level 2 1.2
Level 1 125 <&—
Level O 1.4
4 —

CET Specified Parameters

Level 3 1
Level 2 1.2
Level 1 135 «&—
Level O 1.4
4 —

Finally, box F.5 provides some examples of very high elasticities of transformation
for countries that have relatively small investments abroad, such as China,
Indonesia and Mexico.
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Box F.5 High transformation elasticities for countries with small
investments abroad

CHINA

CHN Elasticities CET Specified Parameters
Bonds vs Capital 1.0 Level 3 1
Three Sectors 1.33 Level 2 1.2
Dom vs Foreign Level 1 1.3

Pri 211

Sec 1.65

Ter 1.95
Groupl vs Group2 Level O 1.4

Pri 248.1

Sec 1222.4

Ter 537.6
INDONESIA

IDN Elasticities CET Specified Parameters

Bonds vs Capital 1.0 Level 3 1
Three Sectors 1.31 Level 2 1.2
Dom vs Foreign Level 1 1.3

Pri 2.74

Sec 1.88

Ter 1.56
Groupl vs Group2 Level O 1.4

Pri 271.1

Sec 58.5

Ter 46.4
MEXICO

MEX Elasticities CET Specified Parameters
Bonds vs Capital 1.0 Level 3 1
Three Sectors 1.22 Level 2 1.2
Dom vs Foreign Level 1 1.3

Pri 1.79

Sec 1.78

Ter 1.41
Groupl vs Group2 Level O 1.4

Pri 412.5

Sec 164.5

Ter 205.8
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G Computational issues

A number of computational issues arose in developing GTAPICM and FTAP.
These concerned the condensation and the GEMPACK  settings used when running
simulations. Both of these issues are important because of their effect on the time
taken to run simulations. This appendix details the condensation and GEMPACK
settings that were found to minimise simulation time for GTAPICM and FTAP.

G.1 Condensation

In order to solve the linearised equations in GTAPICM and FTAP, especialy when

using data aggregations involving many regions and commodities, the size of the

model needsto be reduced. Thisis the purpose of the condensation. Thisis done via

two main methods — by substituting out endogenous variables, and by omitting
exogenous variables that are not shocked in a group of simulations (Harrison and
Pearson 1998).

The condensations for GTAPICM and FTAP were performed using a stored input
or sti file. The sti files used for condensing GTAPICM (GTAPICM.sti) and FTAP
(FTAP.sti) are reproduced below. It is recommended that variable omissions are
performed first, and variable substitutions subsequently (Harrison and Pearson
1998). This recommendation was followed in performing the GTAPICM and FTAP
condensations.

GTAPICM

The first group of variables in GTAPICM.sti are those that were chosen for
omission from the model. Choosing which variables to omit was fairly
straightforward. It involved taking the list of exogenous variables, and choosing
those variables that were not shocked in the group of simulations performed. In the
initial implementation of GTAPICM, the remainder of the Uruguay Round was
implemented using GTAP 4 as the pre-simulation database. This involved shocking
import taxes, export taxes and subsidies, and output subsidies. Thus, this group of
exogenous variables could not be omitted. All other exogenous variables were
possible candidates for omission.
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It is not necessary to omit all exogenous variables that are not shocked in a group of
simulations, only those that have many components. Removing the variables with
the most components will considerably reduce the size of the model and, therefore,
simulation time. Another reason why it is not wise to omit all exogenous variables
not shocked, is that it allows for closure changes to be made quickly and easily in
the GEMPACK command file. Otherwise, the condensation sti file must be altered
and the condensation re-run, before a new simulation can be performed. For these
reasons, the smallest variables (that is, those with the least number of components)
omitted were those that ranged over TRAD_COMM and REG.

More flexibility exists in choosing the list of variables to be substituted out of the
model. When substituting endogenous variables out of a model, their post-
simulation values are not reported. If the value of the variable needs to be reported,
then a backsolve should be performed instead of a substitution. This allows the
post-simulation value to be reported. It is recommended that only those variables
whose values need to be reported are backsolved. This is because backsolving
requires dlightly more (computer) memory than a straight substitution, and thus it
increases simulation time (Harrison and Pearson 1998).

The list of substituted variables in GTAPICM.sti was arrived at by trial and error.

The procedure followed was that the endogenous variables with the most
components were substituted out first, that is, those that ranged over

TRAD _COMM, PROD _COMM and REG. Then the next biggest variables (in

terms of the number of components) were substituted out and so on. Simulation

time was recorded and compared between different condensations. Substituting out

an endogenous variable has two effects. First, it increases the complexity of the
FORTRAN code produced when a condensation is run, and this also increases
simulation time. Second, it decreases the size of the model, which decreases
simulation time. When the increased complexity of the FORTRAN code outweighs

the benefit of reducing the size of the model, further condensation increases total
simulation time. At this point the “optimum” condensation has been achieved. This
is the condensation in GTAPICM.sti. It must be remembered that the optimum
condensation will depend on the size of the aggregation with which the simulations
are being run. In this case, a 19 region and 50 commodity aggregation was used. It
will also depend on the speed and memory of the computer on which the
simulations are performed. All simulations were performed on a PC with a dual 450
MHZ Pentium Il processor and 512 megabytes of RAM.
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! start of GIAPICM sti

I choose condensati on
o ! begin with onmitting exogenous variabl es which are not shocked
af

tfm

tfd

atr

afe

tf

ao

ava

profitslack

t pm

tpd

tgm

tgd

tm

tx

tradsl ack

rari

s ! now indicate which variables are substituted (or backsol ved) out
gf

| NTDEMAND

s

gf m

| NDI MP

b

gfd

| NDDOM

s

pf

| COMPRI CE

s

pf m

DIVNDI PRI CES
s

pfd

DIVNDDPRI CE
s

CNTgfm jr
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CONT_WVEV_gfmijr
s

CNTqfdijr
CONT_WEV_gfdijr
s

gxs

| MPORTDEMAND

s

pns

MKTPRI CES

b

pf ob

EXPRI CES

b

pci f

FOBCI F

s

CNTgxsirs
CONT_WEV_gxsirs
s

CNTqi mi sr
CONT_WEV_qi mi sr
s

goes
MKTCLENDWS

b

gf e

ENDWDEMAND

s

pnes
SPFACTPRI CE

s

CNTqgfeijr
CONT_WEV_dfeijr
b

gf e

E gfe

s

ps
SUPPLYPRI CES

s

CNTqoi r
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CONT_WEV_qoi r

gva
VADENMAND

s

pva

VAPRI CE

s

conpval ad
conpval adeq
s

CNTqf ej r
CONT_WEV_gf ej r
s

CNTqf nmj r
CONT_WEV_gf nj r
s

CNTqf dj r
CONT_WEV_gfdj r
b

gf ek

E _gf ek

b

gf en

E _gfen

b

gf enr

E _gf enr

s

gst
MKTCLTRD

s

qds
MKTCLDOM

s

ap

PRI VDMNDS

s

qg

GOVDMNDS

S

apm
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PHHLDAGRI WP
s

apd

PHHL DDOM

s

qgm
GHHLDAGRI MP
s

qgd
GHHLDDOM

s

qim

MKTCLI MP

b

qi w

QREG Mis
b

gxXw
QREGEX_i r
s

pp

PCOVPRI CE
s

ppm

PHHI PRI CES
s

ppd

PHHDPRI CE
s

pg

GCOVPRI CE
s

pgm

GHHI PRI CES
s

pgd

GHHDPRI CE
s

rp
RENTL_PRI CE_CAPL
s

pi m
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DPRI CEI MP

b

pi w

PREG M i s

s

pxXw

PREGEX_i

s

pr

PRI CETGT

s

vi wei f

VREG M i s

s

vxwf ob
VREGEX i r

s

DTBALI
TRADEBAL _i

s

CNTqgf mi r
CONT_WEV_gf mi r
s

CNTqf di r
CONT_WEV_gf di r
s

CNTgpmi r
CONT_WEV_gpmi r
s

CNTqpdi r
CONT_WEV_gpdi r
s

CNTqgmi r
CONT_WEV_qgmi r
s

CNTqgdi r
CONT_WEV_qgdi r
s

CNTgxsi r
CONT_WEV_gxsi r
s

CNTqi mi r
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CONT_WEV_gi mi r
b

CNTal I effir
CONT_EV_al l effir
s

CNT_MJi r
CONT_EV_MJi r

b

px_ir

EXPPRI CE1

b

pmir

| MPPRI CE1

b

cl_ir

Cl_irEQ

b

c2_ir

C2_irEQ

b

c3_ir

C3_irEQ

s

rkri
ABNL_RETN_CAPL
s

i nvd

E_i nvd

s

i nvi

E_invi

s

kk

E_kk

s

CNTqgxsrs
CONT_WEV_qgxsrs
s

CNTqi nsr
CONT_WEV_gi nsr
s

pf actreal
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REALRETURN

s

CNTqf ei r
CONT_WEV_dgf ei r
s

CNTendwi r
CONT_EV_endwi r
b

gxwcom
QWLDEX_i

b

gi weom

QWD M i

b

qow

QALDOUT

s

qowu

QALDQUTU

pxwcom
PWLDEX_i

pi wcom
PW.DI M i

pw
PW.DOUT

pwu
PW.DUSE

vxwcom
VWLDEX_i
s
viwcom
VWD M i
s

val uew
VW.DOUT
s

val uewu
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VW.DOUTUSE
b

px_i
VRLDPRI CE
s

ksvces
KAPSVCES

b

qcgds
CAPGOCDS

s

gsave
E_savesl ack
b

gxwr eg
QREGEX_r

b

gi wreg
QREG M s

s

kb

KBEG NNI NG
b

ke

KEND

qgdp
QCDP_r

s

pbr

E_pbr

s

prentb

E _prentb

b

pgov
GPRI CEl NDEX
b

ppriv
PHHLDI NDEX
b

pxwr eg
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PREGEX_r

b

pi wr eg
PREG M s

b

pf act or

PRI MFACTPR
s

rental
KAPRENTAL
b

rorc
RORCURRENT
b

rore
ROREXPECTED
s

psave
SAVEPRI CE
s

psw
REGSUPRI CE
b

pdw
REGDEMPRI CE
b

t ot

TOTeq

pgdp
PGDP_r

VXWr eg
VREGEX_r

Vi wreg
VREG M s

vgdp
VGDP_r
b

y_r
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NATL_ | NCOVE
b

ug

GOVERTU

b

u

UTI LI TY

b

EVREG

b

DTBAL
TRADEBALANCE
b

EV_ALT
EV_DECOVPCSI TI ON
b

CNTbondr
CONT_EV_bondr
s

CNTqor
CONT_WEV_qor
s

CNTqf er
CONT_WEV_(f er
s

CNTgf nr
CONT_WEV_gf nr
s

CNTqf dr
CONT_WEV_(gf dr
s

CNTgpnr
CONT_VEV_qgpnr
s

CNTqgpdr
CONT_WEV_gpdr
s

CNTqgnr
CONT_VEV_qgnr
s

CNTqgdr
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CONT_WEV_qgdr
s

CNTgxsr
CONT_VEV_qgxsr
b

CNTqi nr
CONT_WEV_gi nr
b

CNTal | effr
CONT_EV_al | ef fr
b

CNTt ot r
CONT_EV_totr
b

CNTcgdsr
CONT_EV_cgdsr
s

CNTpri cer
CONT_EV_pri cer
b

CNTendwr
CONT_EV_endwr
b

CNTKbr
CONT_EV_kbr

b

CNT_MJr
CONT_EV_MuUr

b

cl_r

cl rEQ

b

c2_r

c2_rEQ

b

c3_r

c3_rEQ

b

tot2

TOT2eq

b

rbr
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| NTERNL_| NTT_PARY
b

pnr

PRI CE_LAND

b

ughr

TRANSFRS_GOVT_HHOLD

b
gyhbr

HHOLD OWNP_BONDS_REG

b
yhdr

HHOLD_DI SPBLE_I NCOVE

b

rgr

GOVT_RECTS

s

ahr

HHOLD WEALTH_ACCN
s

aer

EQY

s

akr

VALUE_CAPL

s

anr

VALUE_LAND

s

anrr

E anrr

s

pnrr

E pnrr

s

i per

EQY_PRI CE_I NDX
b

i pahr
HHOLD_ASST_PRI NDX
b

depr
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DEP_CAPI TAL

b

ecr
NATL_CONSN_EXPRE
b

zg

VAL GOVDEMCOM

b

i pcr
NATL_CONSN_PRI NDX
b

yhr

HHOLD_| NCOVE

b

rtyr

| NCOVE_TAX

s

grgir

GOVT_I NTT_RECTS

s

tylr

TAX_LABR_| NCOVE

s

typr

TAX_PROPY_| NCOVE
b

ogr
GOVT_CURRNT_QUTLS
b

ercrer
EXPD_RATE_RETN_EQY
b

rar
AVGE_ABNL_RETN_CAPL
b

ercrkr
EQN_RATE_RETN_CAPL
b

yr_r

REAL_NATL_| NCOVE
b

rkr
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EQY_BOND_PARY
s

yhvr

HHOLD PRI VTE_I NCVE
s

grsub

REVI NDT

s

grint

REVI NT

s

grinv

REVI NV

s

grcon

REVCON

s

grexp

REVEXP

gr gov
REVGOV

gr dut

REVI VP

b

fke

FI XD_CAPL_EARNI NGS
b
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E w

s

It_

E It_

b

gne
CROSS_NATL_EXPRE
b

i nvt

AGE NV

s

gnepi

PRI CE_| NDX_GNE
s

gner
REAL_GNE
b

ctr
REALCONS
s

rcl

E rcl

b
check_rc
E check_rc
s

grsubl

E grsubl
s

grintl

E grintl
s

grinvl

E grinvl
s

grconl

E grconl
s

grexpl

E grexpl
s

grgovl
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E grgovl

s

grdutl

E grdutl

s

grendl
E_grendl

b

check_grdut
E_check_grdut
b

check_grexp
E_check_grexp
b

check_grsub

E _check_grsub
b

check_grcon
E_check_grcon
b

check_gr gov
E_check_grgov
b

check_grint
E_check_gri nt
b

check_grinv
E_check_grinv
b

bop

E_bop

gvar

E_qvar

b

gdpfc
GDPFACTCOST
b

ydr
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REALDI SPY

! end of file

FTAP

In developing FTAP from GTAPICM, considerable extra theory, and variables,
were added. This included many variables that range over as many as 5 sets. Thus
their maximum size in the model is enormous, even when using a relatively small
aggregation. Consequently, in choosing a condensation for FTAP, it was necessary
to start from a completely uncondensed model, and follow the procedure described
abovein arriving at the optimum condensation.

! start of FTAP. sti

I choose condensati on
o ! begin with omtting exogenous variables which are not shocked
t xhd

t mhs

at hsd

tfm

tfd

at sd

gi hd

pi hd

tf

f_afe

ava

profitslack

tpm

t pd

tgm

tgd

tm

tx

rari

tfia ! Don't omit if doing partial tertiary liberalisation

toas ! Don’t omit if doing partial tertiary liberalisation

s ! now indicate which variables are substituted (or backsolved) out
grsub
REVINDT
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grint
REVI NT

grinv
REVI NV

grcon
REVCON

grexp
REVEXP

gr gov
REVGOV

gr dut

REVI VP

b

yfdi _hhi

E_yfdi _hh

b

c_VFDI _HHI

E c_VFDI _HHI

b

CNTr or _hh
CONT_EV_r or _hhi
b

CNTcap_hhi
CONT_EV_cap_hhi
b

CNTpcap_hhi
CONT_EV_pcap_hhi
b

check_qi sd

E check_qi sd

b

check_pi sd

E _check_pi sd

b

see_foct

E see_foct
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b

check_vdfa

E _check_vdfa
b

check_vdfm

E _check_vdfm
b

check_vifa

E check_vifa
b

check_vifm

E check_vifm
b

check_evfa

E check_evfa
b

check_vfa

E check_vfa
b

falleffi _ci

E falleffi_ci
b

falleff_ei

E falleff_ei
b

yank_hhi
E_yank_hhi

b

yanp_hhi
E_yanp_hhi

b

CNTanr r _hhi
E_CNTanr r _hhi
b
CNTanend_hhi
E_CNTanend_hhi
b

CNTanpk_hhi
E_CNTanpk_hhi
b

CNTgf es_hhi
E_CNTqgf es_hhi
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b

psh

E_psh

b

frt

E frt

b

check _frt
E_check_frt
s

qid

E qid

b

anrr _hhi
E_anrr _hhi

b

ant o_hhi
E_ant o_hhi

b

altot f
E_altot _f

b

c_SHXTAXD
E_c_SHXTAXD
b

anr r o_hhi
E_anrro_hhi
b

CNTant o_hhi
E_CNTant o_hhi
b
CNTanqgo_hhi
E_CNTanqo_hhi
b
CNTanpo_hhi
E_CNTanpo_hhi
b

gx_fdi_wd

E gx_fdi _wd
b

gx_fdi_md

E gx_fdi_nd
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b
gmfdi_ws
E gm fdi_ws
b
gmfdi_ns
E gm fdi_nmns
b

gvxhm
E_qvxhm

b

t of

E t of

b

anrr k_hhi
E_anrrk_hhi
b

pxhd
E_pxhd

b

pi hl dw
E_pi hl dw
b

pi hl d

E pihld

b

gxhd
E_gxhd

b

k_hhi
E_k_hhi

b

c_rr_hhi

E c_rr_hhi
b

r_rr_hhi

E r_rr_hhi
b

pf esa

E pfesa

b

psks

E psks
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pild
E pild

pi | dw
E_pil dw

pxdd
E_pxdd

pxh

E_pxh

b

qf

| NTDEMAND

b

qf m

| NDI MP

b

qf d

| NDDOM

b

pf

| COMPRI CE

b

pfm

DIVNDI PRI CES
b

pfd
DIVNDDPRI CE

b

CNTgfmijr
CONT_WVEV_gfmijr
b

CNTgfdijr
CONT_WEV_gfdijr
b
CNTtech_afijr
CONT_EV_tech_afijr
b

falleffd ci

E falleffd_ci
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b

gxs

E_qgxs

b

pxs

E pxs

b

CNTgxsirs
CONT_WEV_gxsirs
b

CNTqgi m sr
CONT_WEV_gi mi sr

! end of file

G.2 GEMPACK settings

In conducting simulations with GTAPICM and FTAP, a small number of advanced

GEMPACK settings are available that minimise simulation time. These are
discussed below.

Memory allocation

All GTAPICM and FTAP simulations were carried out using the GEMPACK
Release 6.0 software suite (Harrison and Pearson 1998). This version of
GEMPACK dynamically allocates the necessary memory required to run a
simulation. This procedure sees GEMPACK starting with small alocations and
successively increasing them till an adequate amount of memory has been allocated.
When using models requiring large amounts of memory, this process may take a
considerable amount of time. Thus, instructing GEMPACK how much memory it

will require when beginning a simulation can reduce simulation time. In this way,

the first allocation of memory is sufficient. This is done via a statement in the
command file such as “MMNZ = 20000000”. GTAPICM simulations using a 19
region and 50 commodity aggregation, require a statement such as this one to
ensure that enough memory is allocated from the beginning of a simulation.

FTAP is a much larger model in terms of equations and variables than GTAPICM.
However, the FTAP simulations were run with a much smaller aggregation, that is,
19 regions and 3 commodities. Overall, a much smaller amount of memory was
required to run FTAP. Despite this, employing command file statements telling
GEMPACK how much memory to allocate to the simulation also reduced the
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simulation time. The vaue of MMNZ used in the FTAP simulations was Six
million.

Zero coefficients

All GTAPICM and FTAP multi-step simulations were solved using Gragg’s method
(Harrison and Pearson 1998). Hertel (1997) recommends choosing the GEMPACK
option of ‘keeping zero coefficients’ in the first step of a multi-step GTAP
simulation. This allows the ‘reuse of pivots’ which decreases simulation time with
most models, including GTAP. This option is chosen using a statement of the form
“IZ1 = no” in the command file. Keeping zero coefficients in the first step of a
multi-step simulation also speeded up multi-step simulations with GTAPICM.
Therefore, this option was also chosen for all GTAPICM simulations.

Choosing to keep zero coefficients on the first step of a multi-step simulation with
FTAP, however, required more memory than was available on the computer used
for these simulations. This meant that pivots could not be reused. In order to prevent
GEMPACK wasting time by trying to reuse pivots at each step, the GEMPACK
option of ‘no reuse of pivots’ was chosen. This is done using a statement of the
form “NRP = yes” in the command file.

G.3 Simulation times

The following table reports simulation times for GTAPICM and FTAP, and the
condensation and GEMPACK settings used.
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Table G.1 Indicative simulation times with GTAPICM and FTAP
Model and Condensation Aggregation GEMPACK Solution  Simulation time
simulation settings procedure  (approximate)

file regions by

commodities

GTAPICM - GTAPICM.sti 19 by 50 MMNZ = Johansen’s 16 minutes
Remainder of 20000000 method
Uruguay (1-step)
Round
GTAPICM - GTAPICM.sti 19 by 50 1Z1= no, Gragg's 21 hours
Remainder of MMNZ = method (13
Uruguay 20000000  subintervals)
Round
FTAP - FTAP.sti 19by 3 MMNZ = Johansen’s 1 minute and 20
Complete 6000000 method seconds
services (1-step)
liberalisation
FTAP - FTAP.sti 19by 3 NRP = yes, Gragg's 2 hours and 40
Complete MMNZ = method (12 minutes
services 6000000  subintervals)
liberalisation

& Al Gragg simulations were performed using user-specified accuracy. The accuracy specified was that 99
per cent of the updated (post-simulation) data was accurate to 4 figures (not decimal places). When using

user-specified accuracy, the number of subintervals performed is determined by GEMPACK.
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H Closng GTAPICM and FTAP

When constructing a model in linearised form, such as FTAP, there are necessarily

more variables than equations. In order for such a system of equations to have a

unique solution, a number of these variables must be set exogenously. More
precisely, the number of exogenous variables must be such that the remaining

number of (endogenous) variables, exactly equals the number of equations in the

model. This is referred to as ‘closing the model’. This appendix addresses the issue
of closing GTAPICM and FTAP.

H.1 GTAPICM

As the number of exogenous variables is usually much less than the endogenous
variables, closures are usually specified in terms of the exogenous variables. The
standard closure for GTAP version 4.1 holds fixed the world price index of primary
factors (pfactwld) which is the numeraire, population in each region (pop(r)), and
all slack variables (psaveslack(r), incomeslack(r), endwslack(i,r), cgdslack(r),
saveslack(r), govslack(r), tradslack(i,r) and profitslack(j,r)), some of which are
omitted when the model is condensed (see appendix G). All technical change
variables are set exogenous (ao(j,r), af(i,j,r), afe(i,j,r), ava(i,r) and atr(i,r,s)), as are
all tax variables (tx(i,r), tm(i,s), tf(i,j,r), tpm(i,r), tpd(i,r), tgm(,r), tgd(i,r), ttm(i,j,r),
tfd(i,j,r), to(i,r), txs(i,r,s) and tms(i,r,s)). Finally, all endowment commodities are
held fixed in each region (qo(ENDW_COMM,REG)). All other variables are
endogenous.

The purpose of developing GTAPICM was to model international capital mobility
within GTAP. Thus, the essential difference between GTAP and GTAPICM is how
regional capital stocks are determined. In GTAP, regional capital stocks are
exogenously fixed. In GTAPICM, they are determined endogenously within the
model. GTAPICM also has its own (dynamic) investment theory, which requires
that the GTAP investment theory be ‘turned off'. These are the two essential
differences which guided the development of the GTAPICM closure.

In  GTAPICM, regional private wealth is determined by equation
HHOLD_WEALTH_ACCN. How much of this is regional capital stocks,
go(ENDWC_COMM, REG), depends on the closure used. With perfect capital
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mobility, the equity-bond parity condition (equation EQY_BOND_PARY, section 3.2)
determines the regional capital stock. In the preferred closure to be described in this
appendix, the fixed bond to income ratio determines the regional capital stock.
Either way, go(ENDWC_COMM, REG) is endogenous.

Chapter 3 explains how the GTAP investment theory is turned off through a closure
change and parameter choice. The closure change involves making al but one
component of the regional investment slack variable, cgdslack(r), endogenous,
while al components of the expected change in the equity premium slack variable,
ercfrer(r), are made exogenous. The expected rate of change in the world bond rate,
ercrb, is made endogenous.

The GTAP regional savings shifter, saveslack(r), is made endogenous and a new
regional savings slack variable, saveslackl(r), is made exogenous. Thus the Cobb-
Douglas relationship between national income and its components — private and
government consumption and savings — is maintained (see chapter 3).

In order to ensure budget neutrality in government accounts, the government saving
ratio in each region, grgsr(r), is made exogenous. All income tax rates, typr(r) and
tylr(r), are made endogenous by endogenising the general income tax shifter, ftyr(r),
to which they are linked by equation®RATE TAX_PRPY_INCOME and
RATE_TAX_LABR_INCOME, respectively. The specific income tax shift terms, ftypr(r)
and ftylr(r), are set exogenous. The shift term for government transfer payments,
fughr(r), is also made exogenous. Further, the GTAP income tax variables,
to(ENDW_COMM,REG), must be linked to the GTAPICM income tax variables,
and are therefore made endogenous.

In the pre-simulation database the world net ownership of bonds, qyb, is zero. To
maintain this condition during any simulation, qyb is made exogenous.

In the original SALTER implementation of ICM there was a variable for the rate of
return on equity in each region, rer(r). This variable is not used in GTAPICM,
though it is still declared in the TABLO code. Therefore, it is made exogenous, as is
d_ughr(r) and the shift term for the equity premium in each region, frer(r).

The net bond to income ratio in each region, qybr(r), can be determined
endogenously. This allows capital (and debt though regional bond holdings) to
move between regions, to completely eliminate differences between returns on
capital and returns on bonds in each region. With no restrictions on the
accumulation or decumulation of debt, regions can source overseas saving to
finance growth in their capital stock. Under this closure capital is perfectly mobile
internationally. For the initial implementation of GTAPICM, it was felt that it
would be more appropriate to limit the movement of capital, in a way that forces
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regions to source only their own saving to finance growth in their capital stock. This
can be done by making all except one component of qybr(r) exogenous (with the
last component being endogenously fixed at zero because net world bond holding is
zero), and making all but one component of frer(r) endogenous. All other variables
are endogenous.

When using GEMPACK for model simulations, closures are specified in
‘command’ or cmf files. The GTAPICM closure is specified in the file
GTAPICM.cmf, which is reproduced below.

! start of GTAPI CM cnf

! This GEMPACK conmand file specifies the shocks required to generate
! a Uruguay Round dat abase using GTAP4 as the initial database. The
! closure forces all capital stock growmth to be funded from donestic

! saving only.

!

!

Auxiliary files = GTAPI CM
Fil e GTAPSETS = 19x50set. har;
Fil e GTAPPARM = 19x50par . dat;
Fi | e GTAPDATA 19X501 CM har ;

!

Identifier = GTAPICM tab condensed using GTAPICM sti ;

!

!'dosure

!

Exogenous pfactw d pop psavesl ack i nconesl ack endwsl ack govsl ack
privslack to txs tnms qo( ENDW COW REG)

!'The foll owi ng GTAP vari abl es have been onmitted to reduce the
!'size of the nodel:
Iprofitslack tradsl ack ao af afe ava atr tx tmtf tpm
I'tpd tgmtgd tfmtfd
!
!I'Turn off GTAP investnent theory and |ink national incone and its
I'conponent s
cgdsl ack 14 ercfrer savesl ackl
!
I'Fix the governnent saving ratio

grgsr ftypr ftylr fughr
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I'Fix world net ownership of bonds and remai ni ng exogenous vari abl es
qyb rer d_ughr frer;
!
I'The foll owi ng GTAPI CM vari abl e has been onitted to reduce the
!'size of the nodel:
Irari
!
! Endogeni se regi onal capital stocks and GTAP incone tax variabl es
Endogenous qo( ENDWC_COW REG) t o( ENDW COW REG) ;
!
Rest endogenous;
!
!I'Swap required to force capital accunul ation to be funded from
!'donestic savi ngs
Endogenous frer 1-18;
Exogenous qybr 1-18;
!
! Shock
!
Shock tms = file tns.txt;
Shock txs = file 4la_txs.txt;
Shock to( TRAD_ COW REG) = file 4la_to.txt;
!
! Sol ution nethod
!
Aut omati c accuracy = yes;
Accuracy percent = 99;
Subi ntervals = 13; ! M ni num nunber of subintervals required to
lachi eve specified accuracy
!
Ver bal Description =
++++++++++++
+ Model : GTAPI CM
+ Sol ution Method: Automatic accuracy
+ Sinul ation: Generating UR database sourcing dom savings only
o o o B B e o e L B B B o o
!
! Qutput File Specification (they are experinment dependent)
!
Solution File = <cnf>;
!

! Updated (i.e. post-sinulation) data files
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!

Updated file GTAPDATA = GTAPI CM upd;

!

! Qptions

!

CPU = yes ; !Report sinulation tinme

NDS = yes ; !Do no displays

Start with MMWZ = 20000000;

Check-on-read all = no ; !Don't check coefficient infornation
1Z1 = no; !Keep zero coefficients on first step
Log file = yes; !Generate log file

!

! end of file

H.2 FTAP

The closure used for FTAP appears in the file FTAP.cmf, which is reproduced
below. The FTAP closure is developed from the GTAPICM closure. First, the
restriction on sourcing overseas saving is turned off. This restriction is no longer
required, as imperfect substitution of capital and bonds between regions is now part
of the underlying theory that has been added to FTAP.

A variety of new variables is introduced, and the closure status of some of the
existing variablesis changed.

The GTAP equation MKTCLTRD is turned off by endogenising the slack variable
for this equation, tradslack(i,r). In FTAP, the variable qo is merely defined by the
new equation E_qo (section 5.3).

For various reasons (other than for modelling firm-level product differentiation —
see below), some GTAP technical efficiency variables must be made endogenous.
These include af(i,j,r), afe(i,j,r) (section 7.1) and atr(i,r,s) (section 6.5).

Nine new endogenous FTAP price and quantity variables, f _gva(j,r), f_pf(i,j,r),
f_af(ij.r), f_afd(ijs), f_afm(ijs), f_afel(ij,r), f_gfek(j,r), f_gfen(ijr) and
f_qgfenr(i,j,r), are then introduced to the model along with the relevant equations.

The GTAPICM variable rer(r) is activated (it was previously exogenous because it
was declared but served no function) by making it endogenous and adding an
equation determining it.
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New FDI output impediment shock variables, remotaxd(i,r) and remotaxf(i,s,d), and
new technical change variables, alprim(i) and altot(i), are also introduced. More
shock variables for output and capital taxes, toad(r) toai(r) tfda(i,r) and tfsa(i,s,d)
are introduced. All these variables are exogenous.

Four new slack variables, f_pfek(CGDS COMM,REG), f _tof(i,s,d), f_pltot(i) and
f afe(i,j,r), are introduced and set exogenous. The remaining components of f_pfek
are endogenous as they cancel out the GTAP equation determining
pfe(ENDWC_COMM, TRAD_COMM,REG).

Finally, two new foreign capital tax variables, tfia(i,r) and toas(s,d), are introduced.
These variables are effectively made exogenous by omitting them when the model
Is condensed (see appendix G).

Subsequent to introducing these new variables, a number of closure swaps are
performed in order to turn on certain features of the new theory.

First, imperfect arbitrage between regional rates of return on capital and bonds is
introduced by turning off the capital-bond parity condition, equation
EQY_BOND_PARY, and turning on equation E_kb. This is done by making frer(r)
endogenous and f_kb(r) exogenous.

The GTAP tax variables to(i,r), txs(i,r,s) and tms(i,r,s) are made endogenous, and
are replaced with the new exogenous tax variables to shk(i,r), txsd(i,s,d) and
tmsd(i,s,d), respectively.

Lastly, endogenous technical change for the output of local industries is turned on
by making ao(TRAD COMM,REG) endogenous, and f_ao(i,r) exogenous.
Endogenous technical change for the output of FDI industries is turned on by
making altot(i) endogenous, and f_altot(i) exogenous.

All remaining variables are made endogenous.

! start of FTAP. cnf
! This GEMPACK conmand file specifies the shocks required for

! conplete |liberalisation of services, using a post-UR post-ALTERTAX

! dat abase.

! Using Petri paraneters of 1, 1.2, 1.3, 1.4, Armingtons of 5 10 &
! ETECH=0. 0714

Auxiliary files = FTAP;
Fil e GTAPSETS = sets. har;
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Fil e GTAPPARM = par a. dat ;

Fi | e GTAPDATA = fdata. har;

File fdi _file fdi.har;

FI LE KDATA = kdat a. har;

FILE fdi _ind_dat = fdi _ind. har;

!

Identifier = FTAP.tab condensed using FTAP. sti;

!

!'d osure

!

!'Begin with GTAPI CM cl osure

Exogenous pfactw d pop psavesl ack inconesl ack endwsl ack govsl ack
privslack to(PROD_COMW REG txs tnms qo( ENDW COW REG
cgdsl ack 14 ercfrer saveslackl grgsr ftypr ftylr fughr qyb
rer d_ughr frer qybr 1-18;

!

Endogenous qo( ENDWC_COW REG) frer 1-18;

!

!

!'The foll owing GTAPI CM vari abl es have been onitted to reduce the size

!of the nodel :
Iprofitslack ava tx tmtf tpmtpd tgmtgd tfmtfd rari

1

! The foll owi ng GTAPI CM vari abl es were previously omtted & are now

! exogenous

Exogenous tradsl ack ao af afe atr;

!

! End of GTAPI CM cl osure

1

I

! FTAP cl osure changes

1

I'Restriction on sourcing overseas saving no |onger required

Endogenous qybr 1-18;

Exogenous frer 1-18;

!

!I'Turn off GTAP equation MKTCLTRD

Endogenous tradsl ack

!

! Endogeni se i nput, endowrents & intl. freight tech change

af afe atr
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! Endogeni se all new FDI vari abl es
f _qva(FDI _COVM FDI _DEST)
f _pf ( TRAD_COWM FDI _COMM FDI _DEST)
f _qf (TRAD_COWM FDI _COMM FDI _DEST)
f _qf d( TRAD_COMM FDI _COVM FDI _DEST)
f _qf n{ TRAD_COWM FDI _COWM FDI _DEST)
f_qfel (LABOR, FDI _COMM FDI _DEST)
f _qf ek( ENDWC_COVM FDI _COWM FDI _DEST)
f _qf en( LAND, FDI _COVM FDI _DEST)
f _qf enr (NATRES, FDI _COWMM FDI _DEST)
!
! Endogeni se rer as now neasures average regional rate of return
! on productive assets
rer;
!
!'Introduce new FDI output i|npediment shock vari abl es
Exogenous r enot axd r enot axf
!
I'Introduce new tech change vari abl es
alprim altot
!
I'I'ntroduce new capital tax and output tax shock vari abl es
toad toai to_shk tfda tfsa
!
!'I ntroduce new sl ack vari abl es
f _pfek(CES_COW REG f _tof f_piltot;
!
! FTAP variables onmitted to reduce size of the nodel,
! but tfia and toas needed for sone partial tertiary |liberalisations:
I'f _afe tfia toas
!
!'I'ntroduce i nperfect arbitrage between regional rates of return
Endogenous frer;
Exogenous f _kb;
!
Ito, txs & tns replaced with new tax vari abl es
Endogenous to(FDI _COW FDI _DEST) txs tns;
Exogenous toa txsd tmnsd;
!
! Turn on endogenous tech change for output of |ocal industries
Endogenous ao( TRAD_COW REG) ;

Exogenous f _ao;
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!

!' Turn on endogenous tech change for output of FDI industries
Endogenous altot;

Exogenous f_altot;

!

Rest endogenous;

!

! Shock

Shock txsd = file txsd_Ter.txt;

Shock tfda = file tfda_Ter.txt;

Shock tfsa = file tfsa Ter.txt;

XSET Ter (Ter);!Create single services commpodity set
XSUBSET Ter |'S SUBSET OF TRAD _COW

Shock renot axf (Ter, HOVE, DEST) = uni f orm 100;

Shock renot axd(Ter, REG = uniform 100;

!

! Sol uti on net hod

Aut omati c accuracy = yes;

Accuracy percent = 99;

Subi ntervals = 12; ! M ni num nunber of subintervals required to
l'achi eve specified accuracy

!

Ver bal Description =

o o S O S T e S T A S S

+ Mbdel : FTAP +
+ Sol ution Method: Automatic accuracy +
+ Sinul ation: conplete tertiary |liberalisation +

s L L B B S o e o o I o S O O O o
1
! Qutput File Specification (they are experinent dependent)
!
Solution File = <cnf>;
!
! Updated (i.e. post-sinulation) data files
!
Updated fil e GTAPDATA
Updated file fdi_file = fdi.upd,
Updated fil e KDATA = kdat a. upd;

!

f dat a. upd;

! Qptions
!

CPU = yes; !Report sinulation tine
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NDS = yes; ! Do no displays.

Start with MVMNZ = 6000000

Check-on-read all = no; !/Don’t check coefficient infornation
NRP = yes; !Don’t reuse pivots

Log file = yes; !Generate log file

!

! end of file
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|  The FTAPTABLO code

! FDI & Trade Anal ysis Project !
! The FTAP Mbddel i ng Franmewor k !
! FTAP Version 1 - Merging fdi _8 and gtpicmll !

! Not es on adjustnments required in notes7 !

! For docunentation see: !
! Hertel, T.W and ME Tsigas "Structure of the Standard GTAP
Model ", Chapter 2 in T.W Hertel (editor) G obal Trade Analysis:

Model i ng and Applications, Canbridge University Press, 1997. !

I Version 1 July 1993 (Used in GTAP Short Course, July 1993)

Version 2.1 July 1994 (GTAP94 version 1. used in GTAP Short
Course, July-August 1994. This places the
sourcing of inports at the border,

resulting in considerable conputational
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savings. However, conposite inports are

still tracked to individual agents in the

econony. ) I

I Version 2.2 April 1995 (GTAP94 version 2: used in GTAP short

course, July-August 1995. This adds DTBAL

equation, corrects some errors in sumary

equations and adds some new reporting

equations. But, the theory of the node

is identical to that in GIAP Version 2.1.)

Version 2.2a August 1995 (GTAP94 version 2a: This corrects the EV

equation to elimnate prior approximation

errors. It also straightens out the sign on

endwsl ack for the sluggi sh endowrents so

that it matches its partner in the nobile

mar ket clearing condition.)!

I Version 3.0 Novenmber 1997 (GTAP version 3.0: Addition of

deconposition tools (add-on at bottom). For docunentation,

see GTAP technical paper no. 5 by Karen Huff and Thonas

Hertel (welfare deconpostion: termfor ao(cgds,r) has now

been added), and SALTER wor ki ng paper No.12 by Robert

McDougal | (terns of trade deconposition). Al so augnented

primary factor sets to accommodate the version 4 data

base.) Finally dummy vars have been renoved fromthe

behavi oral equns. !
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Version 4.0 July 1998 Includes features for version 6.0 of GEMPACK

- Region-specific psave(r) is introduced. It is equal to the

price of investnent goods in region r, plus a

regi on-generic adjustnent factor which accounts for the

fact that regions also invest abroad.

- GEOrestrictions on all data flows

- Volume initialization on flows at market prices

Mar ket price and price index initialization at 1.0

- Set definitions are sinplified using unions and conpl enents

- Value of world output at user prices introduced

- Real rate of return to factors introduced to facilitate

fixed real wage closure

- Regional primary factor price indices introduced

- Aobal primary factor price index, pfactwd, is new

nuneraire. Therefore pfactor(r) now shows directly

whi ch regi ons experienced real appreciation/deprecation

in the wake of the sinulation

Version 4.1 Septenber 1998: | ncl udes:

- switch for changi ng sluggi sh endowmrents via paraneter file

- internediate input substitution

Version 4. 1a October 1998: Includes: SALTER international capita

mobility (ICM extension added by Ceorge Verikios

Productivity Conm ssion, Canberra. Original internationa

al l ocation of investnent structure commented out ie,
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equati ons RORGLOBAL and GLOBALINV. The I CM extension is

| ocated at the end of the original file. !

I FTAP (FDI and Trade Analysis Project) Version 1

Cct ober 1999 - Kevin Hansl ow.

In addition to the capital nobility that Version 4.1la added to

GTAP, FTAP now has a mmj or devel opnent to incorporate bil ateral

capital ownership, and to allow capital rentals to accrue to

the corespondi ng owners (Petri’s approach).

A single-country nodel (CRUSCE) is inbeded in FTAP, a nulti-country

nodel, in order to nodel FDI industries. An FDI industry is jointly

defined by three el enents inclusively: HOVE, HOST, and TRAD_COWM

The inpl ementation of CRUSCE is to represent non-null FDI industries,

and to elimnate equations that account for zero inputs-ouputs FDI

i ndustries in the database. This helps to save on nenory and

i ncrease conputational speed.

In the CRUSCE section, mapping technique is intensively applied to

relate FDI industries to the capital ownership (HOVE), the |ocation

of the production (HOST), and the type of GIAP comodity being

produced ( TRAD_COW .

Wl fare deconposition is further devel oped for the new production
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structure to take care of the repatriation of FD inpedinent rents.

! FTAP  FILES !

FILE GTAPSETS # File with set specification #

FILE fdi_ind_dat #Set nappings and paraneters for FDI industry extension#;

File KDATA #CRUSCE format flows Data File and set definitions#;

FI LE GTAPDATA # The file containing all base data. # ;

FILE fdi_file #Data for FD extension#;

FILE (TEXT) GTAPPARM # The fil e containing behavioral paraneters. # ;

! Moved fromfdi nodule as required in initialisation of SAVE !

FILE (text) rr_flag "rr_flag.txt";

FILE (new) chk _file #File for checking database# "check.har";

FILE (new) Trade_dat #Conmparing trade flow. Petri vs Oiginal # "trade.har" ;

I Sets define relevant groupings of entities over which we will be
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perform ng operations in the nodel. SUBSETS are defined in order to

facilitate sunmati on over only a portion of a given group, e.g.

tradeabl e conmodi ti es.

O special note is the use of an international transport industry

whi ch absorbs services fromeach of the regions and supplies the

mar gi ns whi ch convert fob to cif values. This requires the use of an

addi tional "destination" for exports of services.

Consunption is disaggregated between private and public househol ds,

but savings is strictly a regional variable. The expenditure share

on public goods is fixed except when the |evel of governnent activity

i s exogenously specified. A global banking system purchases capital

goods in each of the regions on the behalf of the savers of the

worl d, who buy shares in this portfolio at an average price:

pcgdsw d.

Users with access to GEMPACK can increase the nmaxi mum set sizes to

permt | arger aggregations, provided you have sufficient RAM for

i npl erenting them The standard nodel (10x10 aggregation with

deconposition code) is designed to run with 16 Mo of RAM
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SET REG # Regions in the nodel #

MAXI MUM SI ZE 19 READ ELEMENTS FROM FI LE gt apsets HEADER "H1";

SET HOVE # Regions in the nodel #

MAXI MUM SI ZE 19 READ ELEMENTS FROM FI LE gt apsets HEADER "H1";

n the nodel #

SET DEST # Regi ons

MAXI MUM SI ZE 19 READ ELEMENTS FROM FI LE gt apsets HEADER "H1";

SET HOST # Regions in the nodel #

MAXI MUM SI ZE 19 READ ELEMENTS FROM FI LE gt apsets HEADER "H1";

SET SOURCE # Regions in the nodel #

MAXI MUM SI ZE 19 READ ELEMENTS FROM FI LE gt apsets HEADER "H1";

SUBSET HOST IS SUBSET OF REG

SUBSET SOURCE | S SUBSET OF REG

SUBSET REG IS SUBSET OF HOST;

SUBSET REG IS SUBSET OF SOURCE;

SUBSET HOMVE IS SUBSET OF REG

SUBSET DEST IS SUBSET OF REG

SUBSET REG IS SUBSET OF HOME;

SUBSET REG IS SUBSET OF DEST,;

SET TRAD_COWMM # TRADED COMMODI Tl ES #

MAXI MUM SI ZE 50 READ ELEMENTS FROM FI LE gt apsets HEADER "H2";

SET COM # TRADED COWMMODI TI ES #
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MAXI MUM SI ZE 50 READ ELEMENTS FROM FI LE KDATA HEADER " COM';

SUBSET COM IS SUBSET OF TRAD_COWM

SUBSET TRAD_COW | S SUBSET OF COM

SET IND # FDI industries #

MAXI MUM SI ZE 50 READ ELEMENTS FROM FI LE KDATA HEADER "I ND';

SET CGDS_COWMM # CAPI TAL GOODS Commodi ties #

MAXI MUM SI ZE 1 READ ELEMENTS FROM FI LE gt apsets HEADER " H9";

SET ENDW COWM # ENDOWENT COVMCDI Tl ES #

MAXI MUM SI ZE 5 READ ELEMENTS FROM FI LE gt apsets HEADER " H6";

SET ENDWC_COWM # Capital Endowrent Commodity # (capital) ;

SET PROD_COWM # PRODUCED COVMODI TIES # = TRAD_COWM UNI ON CGDS_COWM ;

SET DEMD_COWM # DEMANDED COWVMODI TI ES # = ENDW COVMM UNI ON TRAD_COW

SET NSAV_COW # NON- SAVI NGS COMWMCDI TI ES # = DEMD_COVM UNI ON CGDS_COWM

SUBSET PRCD_COWM | S SUBSET OF NSAV_COWM ;

SET LABOR  (UnSkLab, SkLab);

SET UnSkLab (UnSkLab) ;

SET SkLab (SkLab) ;

SET LAND  (LAND);

SUBSET LABOCR | S SUBSET OF ENDW COWM
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SUBSET UnSkLab IS SUBSET OF LABOR

SUBSET SkLab I'S SUBSET OF LABCR

SUBSET LAND I'S SUBSET OF ENDW COVM

SET SRC #Source of Commodities #(dominp);

! Qper ational Coefficients

CCEFFI Cl ENT i step #Step counter#;

FORMULA (Initial) istep=1;

UPDATE (Change) i step=1,;

Coefficient TINY;

Fornmul a TINY = 0. 00000001;

IR S T |

I Introduce coefficient first. This is equal to one at the first step of

! the first sub-interval; zero at every other step of any sub-interval.

! Its function is to ensure that FORMJLA (Initi

! data to incorporate SALTER data for interest

! are perforned once only.

[T

al) for adjusting GIAP

i ncone and factor taxes
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COEFFI Cl ENT FI RST;
READ FI RST FROM FI LE GTAPDATA HEADER "1";

UPDATE ( Change) FI RST=I F[ FI RST>0. 5, - FI RST] ;

COEFFI Cl ENT FI RST1;

READ FI RST1 FROM FI LE GTAPDATA HEADER "F1";

UPDATE ( Change) FIRST1=I F[ FI RST1>0. 5, - FI RST1] ;

CCEFFI CI ENT post _tax_rr #ls 1 if post-tax RoRs used in asset supply function#
COEFFI C ENT home_tax_ank #ls 1 if home country taxes capital inpediment rents#,
COEFFI C ENT home_tax_anp #ls 1 if home country taxes output inpedinment rents#;
READ post_tax_rr FROM FILE rr_fl ag;
READ hone_t ax_ank FROM FI LE rr_fl ag;

READ hone_t ax_anp FROM FI LE rr_fl ag;

! FDI industry extension set definitions !

| B S A

Define set mappings read fromfile prrerrrerrroreerreot]

Coefficient
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(Parameter) (A l,i,1ND

NOT_DOMi) #ls 0O for donestic industry,

Coefficient

(Paraneter) (Al,i, TRAD_ COW) S| GLHOVE(i)

#Subst. elasticity between the output of FDI

Mappi ng | ND2COW from IND to

Mappi ng HOVE_REG from IND to

Mappi ng DEST_REG from IND to

READ NOT_DOM FROM FILE fdi _i

READ SI GLIHOME FROM FI LE fdi _i

READ | ND2COWM FROM FI LE fdi _i

READ HOME_REG FROM FI LE fdi _i

READ DEST_REG FROM FI LE fdi _i

| R A B ]

Coef ficient

(All,s, SRQ)

For mul a

(All,s, SRO)

TRAD_COVM

HOVE;

DEST,

nd_dat

nd_dat

nd_dat

nd_dat

nd_dat

HEADER

HEADER

HEADER *

HEADER

HEADER

Define flags and subsets

" NDOM!' ;

"Sl Gl

I MAP";

" HVAP" ;

" DVAP" ;

IS DOMs) #ls 1 for donmestic source, 0 for

|'S_DOM s) =0;

|'S_DOM " dont') =1;

1 for foreign industry#;

L

i mported source#;

i ndustries producing comodity i#;

THEFTAPTABLO
CODE

279



I Define subsets based on the industries and regions in which FDI is present.!

SET FDI _DEST #Regi ons in which some FDI is undertaken#

= (Al,r,REG O<sunii, | ND: DEST REGi) eq r,1]);

SET FDI _COW #Conmmodi ties which are somewhere produced by FDI industries#

= (Al,c, TRAD COW O<sunfi, | ND: I ND2COWMi) eq c,1]);

I T B T |

I Define mappings fromFTAP sets PROD COW and REG to subsets FDI _COW and !

| FDI _DEST respectively. !

I T T |

Mappi ng PROD2FDI from PROD_COW to FDI _COWM

Mappi ng REQFDI from REG to FDI _DEST,;

For nul a

(All,j, PROD COW) PROD2FDI (j)=1;

(A'l,j, FD _COW PROD2FDI (j)=$POS(j, FDI _COW);

(All,j,REG REG2FDI (j)=1;

(Al'l,j, FDI _DEST) REGFDI (] )=%$POS(j, FDI _DEST);
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IR T R |

! Define commobdity, home and destination specific flag for the presence !

I of FDI. 1

IR T T R |

Coef fi ci ent

(Al'l,c, PROD_ COW) (Al , s, HOVE) (Al |, d, HOST) FDI _FLAG c, s, d)
#ls 0 if no FDI present, >0 otherw se#;

(Al'l,c, PROD_ COW) (Al I, d, HOST) FDI _FLAGL(c, d)

#ls 0 if no FDI present, >0 otherw se#;

For mul a
(Al'l, c, PROD_ COW) (Al |, s, HOVE) (Al |, d, HOST) FDI _FLAG(c, s, d) =O0;
(A1, c, TRAD COW) (Al | ,'s, HOVE) (Al | , d, HOST) FDI_FLAG(c, s, d) =
sunfi, | ND: (1 ND2COWi) eq c) and
(HOVE_REGi) eq s) and
(DEST_REQi) eq d),1];
! Set FDI _FLAG(c,r,r)=0.5 if only domestic industry present. !
(Al'l,c, TRAD COW) (Al |, r, REG FDI_FLAG(c,r,r)=1) FDI _FLAG(c,r,r)=1-
sunfi, I ND: (I ND2COM i) eq c) and
(HOVE_REGi) eq r) and
(DEST_REG(i) eq r) and
(Nor_boMmi ) =0), 0. 5];

(Al'l, c, PROD_COW) (Al |, d, HOST) FDI _FLAGL(c, d)=sunis, HOVE, FDI _FLAG(c,s, d)];
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I T T |

! Note that the sluggi sh endownents are now defined dynam cally, !

! based on the variable. This requires us to define and read in !

! this variable before proceeding further. !

I T B O |

COEFFI CI ENT (al |, i, ENDW COWM) SLUG(i ) ;

! SLUG is a variable used to dynanically define the set of

sluggish primary factor endownents. It is zero for nobile

endownents and one for sluggi sh endowrents. !

READ SLUG FROM FI LE GTAPPARM ;

Set ENDWS_COWM # Sl uggi sh ENDOAWENT COMMODI TI ES # =

(all,i, ENDWCOW SLUG ) >0);

SET ENDWM COWM # Mobi | e ENDOAVENT COVMODI Tl ES #

ENDW COWM - ENDWS_COWM

SUBSET ENDWC_COWM | S SUBSET OF ENDWM_COWM

SET NONCAP_COWM #Endowrents ot her than capital #

ENDW COWM - ENDWC_COWM

SET NSAVNC_COWM #Al | non-savings conmodi ties other than capital #

= NSAV_COWM - ENDWC_COWM

SET NATRES ( NATRES):
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SUBSET NATRES | S SUBSET OF ENDWS_COWM

COEFFI Cl ENT (integer)(all,i, ENDAM COW) |S_CAP(i)

#ls 1 for capital, 0 for all other nobile endowrent s#;

FORMULA
(all,i, ENDAM COMM) |S CAP(i)=0;
(all,i, ENDAC_COMM) |S CAP(i)=1;

SET NONLAB_ENDW # non | abour endownents # = ENDW COW - LABOR;

IR S T T R |

Variables are divided into four groups -- proportional changes in

quantities, prices, technical change, policies (i.e. tax/subsdiy

"wedges"), incone and utility, and finally slack variables. In

GEMPACK, variables refer to those itens which will be changing

endogenously with each Johansen sol ution. They are assigned | ower

case | abels to denote the fact that they are proportional changes.

This is purely for conveni ence, since GEMPACK is not case sensitive.
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Variables of FTAP are listed in the same strucutre set out by GTAP

as nmentioned above. In each group, variables are arranged into

sub-sections of GIAP, |CM and FTAP

I GTAP Section !
VARI ABLE (Orig_Level =VOM (al |, i, NSAV_COW) (al | , r, REQ qgo(i,r)
# industry output of commodity i in regionr # ;
VARI ABLE (al|,i, TRAD COMM) (al |, r, REG goa(i,r)
# industry output of commodity i in region r, producer value weighted # ;
VARI ABLE (al |, i, ENDWS_COMM (al | ,j, PROD_COMM (al |, r, REG) goes(i,j,r)

# supply of sluggish endowrent i used inj, inr # ;

VAR ABLE (Orig_Level =VXMVD)

(all,i, TRAD COW (al |, r, SOURCE) (al | , s, DEST) gxs(i,r,s)

# export sales of comodity i fromr to region s # ;
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VARI ABLE (Orig_Level =VST) (al |, i, TRAD COM) (al |, r, REG)

# sales of i fromr to international transport # ;

VARI ABLE (Orig_Level =VDM (all,i, TRAD COW (al |, r, REG

# donestic sales of commodity i inr #

VAR ABLE (Ori g_Level =VFM

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

# demand for endowrent i for use inj inregionr #

VARI ABLE (Orig_Level =VKBI)(al |, j, TRAD COMM (al |, r, REG)

# usage of capital, by industry and region #

VAR ABLE (all,j, PROD_COMM (al |, r, REG)

# val ue-added in industry j of regionr # ;

VAR ABLE (all,i, TRAD_COMM (al |, j, PROD_ COW) (al |, r, REG)

# demand for comodity i for use inj inregionr #

VAR ABLE (Orig_Level =VI FM

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

# I ndustry denmands for aggregate inports #

gst(i,r)
qds(i,r)
afe(i,j,r)
kk(j,r)
qva(j,r)
af (i, j.r)
afm(i,j,s)
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VAR ABLE (Orig_Level =VDFM

(all,i, TRAD_ COW) (al |, j, PROD_COW) (al | , s, REG) qfd(i,j,s)

# I ndustry demands for donestic goods # ;

VARI ABLE (all,i, TRAD COW (all,r, REG gp(i,r)

# private household denmand for comodity i in regionr # ;

VARI ABLE (all,i, TRAD COW (all,r, REG qg(i,r)

# governnent househol d demand for commodity i in region r # ;

VARI ABLE (Orig_Level=VIPM (all,i, TRAD COW (all, s, REG gpn(i,s)

# private hhld demand for inports of i in region s # ;

VARI ABLE (Orig_Level =VDPM (all,i, TRAD COW (al |, s, REG gpd(i,s)

# private hhld demand for donestic i in region s # ;

VARI ABLE (Orig_Level=vi@GW(all,i, TRAD COW (all, s, REG qgn(i,s)

# governnent hhld demand for inports of i in region s # ;

VARI ABLE (Orig_Level =VvDGW (all,i, TRAD COW (al |, s, REG qgd(i,s)
# governnent hhld demand for domestic i in region s # ;

VARI ABLE (all, r, REG ksvces(r)

# capital services = qo("capital",r) # ;
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VARI ABLE

# Qutput of capital

(all, r,

REG)

goods sector = qo("cgds",r) # ;

VAR ABLE (al |, r, REG)

# regi onal demand for NET savings # ;

VARl ABLE (Orig_Level=VIM (all,i, TRAD COW) (al |, s, REG

# aggregate inports of i in region s, market price weights # ;
VARI ABLE (all,i, TRAD COW (all, s, REG

# aggregate inports of i inregions, cif weights # ;

VARl ABLE (Orig_Level =vXW (all,i, TRAD_ COW) (al |, r, REG

# aggregate exports of i fromregion r, fob weights # ;

VARI ABLE (Ori g_Level =VXWREG ON) (al |, r, REG)

# vol une

of merchandi se exports, by region # ;

VARI ABLE (Orig_Level =VI W\REG ON) (al |, r, REG)

# vol unme

of merchandi se inports, by region # ;

VARI ABLE (Ori g_Level =VXWCOMMOD) (al |, i, TRAD_COVM)

# vol une

of gl obal

nmer chandi se exports by comodity # ;

qcgds(r)

gsave(r)

qin(i,s)

qiw(i,s)

axw(i, r)

aqxwr eg(r)

qi wreg(r)

gxweon(i)
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VAR ABLE (Ori g_Level =VI WCOMMOD) (al | , i , TRAD_COMM)

# volume of gl obal nerchandise inports by commodity #

VAR ABLE (Ori g_Level =VXW.D)

# volunme of world trade #

VAR ABLE (al |, i, TRAD_COMM)

# Quantity Index for world supply of good

VAR ABLE (Orig_Level =YW0U) (al |, i , TRAD_COWM)

# Quantity Index for world supply of good

VAR ABLE (all, r, REG

# Regi onal capital stock, asset weights#,;

VAR ABLE (all, r, REG

# Regi onal capital stock, rental weights#;

VAR ABLE (all, r, REG

# End-of -period capital stock, inr # ;

VARI ABLE

# d obal supply of capital goods for NET investnent
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# .

gi weont(i)

gxww d

qow(i )

qowu(i)

kb(r)

kr(r)

ke(r)

gl obal cgds



VARI ABLE qt

# quantity of gl obal shipping services provided # ;

VARI ABLE (all,r, REG pop(r)

# regi onal popul ation # ;

VARI ABLE wal ras_dem

# demand in the om tted narket--global demand for savings # ;

VARI ABLE wal ras_sup

# supply in omtted market--global supply of cgds conposite #;

VARI ABLE (ORI G LEVEL = GDP) (all,r, REG ggdp(r)

# GDP quantity index # ;

VAR ABLE (Al l, s, home) k_h__(s)

#Quantity of capital owned by region s#

VAR ABLE (Al l,s, home) (Al l, i, TRAD_COVM k_h_i(i,s)

#Quantity of capital in industry i globally owned by region s#;

VAR ABLE (Al l,s, home) (Al l, i, TRAD_COVM kd_h_i(i,s)

#Quantity of donestic capital#;
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VAR ABLE (All,s, home) (Al |, i, TRAD_COW) kf_h_i(i,s)

#Quantity of foreign capital#;

VAR ABLE (All, s, hone) (Al l,d, host) (A I,i, TRAD_COW) k_hhi (i,s,d)
#Quantity of capital in industry i in region d owned by region s#;
VARI ABLE (Orig_Level =VDEP) (al |, r, REG depr(r)

# depreciation of capital stock, by region #

VAR ABLE (all,i, TRAD_ COMW) (al |, r, REG) invd(i,r)

# investment sales of the ith donestic comrodity #;

VAR ABLE (al |, i, TRAD_ COMM (al |, r, REG) invi (i,r)

# investment sales of the ith conposite inported comodity #;

VAR ABLE (all,r, REG kt(r)

# real aggregate capital owned by region #

VAR ABLE (all, r, REG m(r)

# real aggregate demand for |and, by region #;

VARI ABLE (al |, r, REG nru(r)

#real aggregate denmand for natural resources, by regi on#;
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VAR ABLE (al |, r, REG)

# aggregate usage of |abour, by region #

VAR ABLE (all, |, LABOR)(all,j, PROD_COW) (all,r, REG

# demand for |abour for use inj inregionr #

VAR ABLE (all,j, PROD_COMM (al |, r, REG)

# demand for capital for use inj inregionr #

VAR ABLE (all,j, PROD_COMM (al |, r, REG)

# demand for land for use inj in regionr #

VAR ABLE (all,j, PROD_COMM (al |, r, REG)

# demand for nat resrcs for use inj inregionr #

VAR ABLE  (All,i, TRAD COW) (Al |, r, REG)

#Quantity of donestic capital demanded by industry i#;

VAR ABLE  (All,i, TRAD COW) (Al |, r, REG)

#Quantity of foreign capital demanded by industry i#;

VARIABLE  (All,i, TRAD_ COMW) (Al I, s, hone) (Al I , d, host)

#Quantity of capital fromregion s demanded by industry

't _(r)

afel (1,j.r)
af ek(j.r)
afen(j.r)
afenr(j,r)
gfed(i,r)
gfei (i,r)
gfes(i, s, d)

in region d#;
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VARI ABLE (all,j,FDI _COMM (all,r, FDI _DEST) f_qua(j,r)

# val ue-added in industry j inregionr # ;

VARI ABLE (all,i, TRAD_ COMWM) (al |,j, FDI _COW) (al |, r, FDI _DEST) f pf(i,ji.r)

# purchase price of commodity i for use inj inregionr # ;

VARI ABLE (all,i, TRAD_ COMM (al |,j, FDI _COW) (al |, r, FDI _DEST) fqf(i,j.r)

# demand for commodity i for use inj in regionr #;

VARI ABLE (all,i, TRAD COW) (all,j,FD _COMM (all,s, FDI _DEST) f gfm(i.j,s)

# Industry demands for aggregate inports # ;

VARI ABLE (all,i, TRAD_ COMM (al |,j, FDI _COW) (al | , s, FDI _DEST) f qfd(i.j,s)

# I ndustry demands for donestic goods # ;

VARI ABLE (all,i,LABOR)(all,j,FD _COvw) (all,r, FDI _DEST) f _agfel (i,j,r);
VARI ABLE (all,i, ENDANC_COVW) (al |l ,j, FDI _COW) (al |, r, FDI _DEST) f_afek(i,j,r);
VARI ABLE (all,i,LAND)(all,j,FD _COM\ (all,r, FDI _DEST) f_afen(i,j,r);
VARI ABLE (all,i, NATRES)(all,j,FD _COW) (all,r, FDI _DEST) f _gfenr(i,j,r);
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VARl ABLE (Al l,i, TRAD_COMW) (Al |, r, REG) god(i, r)

#Qut put from donestic industry#;

VARl ABLE (Al l,i, TRAD._COMW) (Al |, r, REG) qdd(i, r)

#Donmesti c use of output from donestic industry#;

VARI ABLE (Al l,i, TRAD_COMW) (Al |, r, REG) gxd(i,r)

#Exports of output from domestic industry#;

VARI ABLE (Al l,i, TRAD_ COMW) (Al |, r, REG) qdst (i,r)

#lnternational freight services fromdonestic industry#,

VARI ABLE (Al l,i, TRAD COMM) (Al |, 0, HOVE) (Al |, |, HOST) goh(i, 0, 1)

#Qutput fromforeign industry located in region | owned by region o#;

VARI ABLE (Al l,i, TRAD COMM) (Al |, 0, HOVE) (Al | , |, HOST) qdh(i, o0, 1)

#Donestic use of output fromforeign industry loc in reg | owned by reg o#;

VARI ABLE (Al l,i, TRAD COMM) (Al |, 0, HOVE) (Al | , |, HOST) axh(i, o0, 1)

#Exports of output fromforeign industry loc in reg | owned by reg o#

VARI ABLE (Al l,i, TRAD COMM (Al |, 0, HOVE) (Al |, |, HOST) ghst (i, 0,1)

#lntl. freight services fromforeign industry loc in reg | owned by reg o#;
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VAR ABLE (All,i, TRAD_ COMM (Al |, s, SOURCE) (Al |, d, DEST) gxdd(i, s, d)

#Exports to region d fromdonestic industry in region s#;

VAR ABLE (Al l,i, TRAD COM) (Al |, 0, HOVE) (Al |, 1, HOST) (Al |, d, DEST) qxhd(i,o,1,d)

#Exports to region d fromforeign industry loc in reg | and owned by reg o#

VAR ABLE (All,i, TRAD COMM (Al |, s, SOURCE) (Al |, d, DEST) gi sd(i,s, d)

#Quantity of exports by commodity, source and destination (sane as qxs)#,

VAR ABLE (Al l,i, TRAD COMM (Al |, 0, HOVE) (Al |, d, DEST) gi hd(i , o, d)

#Use by region d of commodity i fromforeign industries owned by reg o#;

VARl ABLE (Al l,i, TRAD COW) (Al |, d, DEST) qi d(i , d)

#Use by region d of commobdity i fromforeign industries#;

VAR ABLE (Orig_Level =VFM

(all,i, ENDWCOW) (all,j,PROD COW (all,r, REG o gfe(i,j,r)

# demand for endowrent i for use inj in regionr # ;

VARI ABLE

(all,i, TRAD_COW (al |, s, SOURCE) ggxmd(i, s)

#Total Real exports froms, donestic price wgts# ;

(all,i, TRAD_COW (al |, s, SOURCE) ggxwd(i, s)

#Total Real exports froms, FOB price wgts# ;
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(all,i, TRAD_COW) (all, d, DEST) qgvi w(i, d)
#Total Real inports to d, CIF price wgts#
(all,i, TRAD_COW) (all, d, DEST) qgvi m(i, d)
#Total Real inports to d, tariff inclusive price #
(all,i, TRAD_COW) (all, h, HOVE) (al I , s, SOURCE) gx_fdi_wd(i,h,s)
#Real exports of fdi ind to third countries, FOB price wgts#
(all,i, TRAD_COW) (all, h, HOVE) (al I , s, SOURCE) gx_fdi_md(i,h,s)
#Real exports of fdi ind to third countries, donestic price wgts#
(all,i, TRAD_COW) (all, h, HOVE) (al I , d, DEST) gm fdi _ws(i,h,d)
#Real inports fromthird country fdi ind, CIF price wgts#
(all,i, TRAD_COW) (al |, h, HOVE) (al I , d, DEST) gm fdi_ms(i,h,d)
#Real inports fromthird country fdi ind, tariff incl price wgts#
(all,i, TRAD_COW) (al |, h, HOVE) gx_wd(i, h)
#Real exports of fdi ind to third countries, FOB price wgts#
(all,i, TRAD_COW) (all, h, HOVE) gx_md(i, h)
#Real exports of fdi ind to third countries, domestic price wgts#
(all,i, TRAD_COW) (al |, d, DEST) gmws(i, d)
#Real inports fromthird country fdi ind, CIF price wgts#
(all,i, TRAD_COW) (all, d, DEST) gm.ns(i, d)
#Real inports fromthird country fdi ind, tariff incl price wgts#
(Al'l,i, TRAD_ COW) (All, o, HOVE) (Al I, |, HOST) gvxhm(i, o, 1)
#Real exports of foreign-owned industry, donestic price wgts#;
(Al'l,i, TRAD_COW) (Al I, r, REG gvtotdhn(i,r)

#Real donestic use of foreign industry output#;
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(all,i, TRAD_COW (al |, r, HOST) gvt ot ohn(i, r)

#Real output of foreign firms in host country # ;

(all,i, TRAD_COW (al |, o, HOVE) gvt ot own_os(i, 0)

#Real output of firms | ocated abroad # ;

VARI ABLE (all,i, PROD_COW) (all,r, REG conpval ad(i, r)

# conposition of value added for good i and region r # ;

VARI ABLE (all,i, NSAV_COW (all,r, REG ps(i,r)
# supply price of comodity i in region r # ;
VARl ABLE (all,i, TRAD. COW) (all,j, PROD_COW (all, r, REG pf(i,j,r)

# firms’ price for commodity i for use inj, inr #;

VARI ABLE (all,i, ENDWCOW) (all,j, PROD_COW) (all,r, REGQ pfe(i,j,r)
# firms’ price for endownent commodity i inj of r # ;
VARI ABLE (all,j, PROD COW (all,r, REG pva(j,r)

# firms’ price of value-added in industry j of region r # ;
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VARI ABLE (all,i, TRAD_COMM (al |, j, PROD_COW) (al | , s, REG) pfn(i,j,s)

# price index for inmports of i by j in region s #;

VARI ABLE (all,i, TRAD_COMM (al |, j, PROD_COW) (al | , s, REG) pfd(i,j,s)

# price index for donmestic purchases of i by j in region s #

VARI ABLE (all,i, TRAD_ COW (al |, r, REG pp(i,r)
# private household price for conmodity i in regionr # ;
VARI ABLE (all,i, TRAD_ COW (al |, s, REG ppn(i,s)

# price of inports of i by private households in s # ;

VARI ABLE (all,i, TRAD_ COW (al |, s, REG ppd(i,s)

# price of donmestic i to private households in s # ;

VARI ABLE (al |, r, REG) pgov(r)

# price index for govt hhld expenditures in region r # ;

VAR ABLE (all, r, REG) ppriv(r)

# price index for private household expenditures in region r # ;

VARI ABLE (all,i, TRAD_ COW (al |, r, REG pg(i,r)

# governnent household price for comodity i in region r # ;
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VAR ABLE (all,i, TRAD_COMM (al | , s, REG)

# price of inports of i by government households in s # ;

VAR ABLE (all,i, TRAD_COMM (al | , s, REG)

# price of domestic i to government households in s # ;

VAR ABLE (ORI G LEVEL = 1.0)(all,i, NSAV._COW (al | , r, REG

# market price of domestic commodity i in regionr # ;

VAR ABLE (ORI G LEVEL=1.0) (Al l,i, TRAD COW) (Al |, r, REG)

pgn(i, s)
pgd(i, s)
pr(i, r)

pst(i,r)

#Mar ket price of donestically produced international freight services#;

VAR ABLE (all,j, TRAD_COMM (al |, r, REG)

# rental price of a unit of capital, by industry and region #;

VARI ABLE (ORI G LEVEL = 1.0)(all,i, TRAD COW) (al |, r, REG
# market price of conposite inport i in regionr # ;
VARI ABLE (all,i, TRAD COW) (al |, r, REG

# world price of conposite inport i in regionr # ;
VARI ABLE (ORI G LEVEL = 1.0)(all,i, TRAD COW) (al |, r, REG

# aggregate exports price index of i fromregionr # ;
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VARI ABLE (ORI G LEVEL = 1.0)(all,r, REG)

# price index of nerchandi se exports,

VARI ABLE (ORI G_LEVEL

# price index of nerchandise inports,

by region # ;

1.0)(all,r, REG

by region # ;

VARI ABLE (ORI G LEVEL = 1.0)(all,r, REQ)

# market price index of primary factors, by region # ;

VARI ABLE (ORI G_LEVEL

# price index of global merchandi se exports by comodity # ;

VARI ABLE (ORI G_LEVEL

# price index of global merchandise inports by comodity # ;

VAR ABLE (ORI G LEVEL = 1.0)

# price index of world trade # ;

VAR ABLE (ORI G LEVEL = 1.0)

1.0)(al |, i, TRAD_COWM

1.0)(al |, i, TRAD_COWM

# world price index of primary factors # ;

VAR ABLE (al |, i, TRAD_COWM

# World price index for total

good i

suppl i es #;

pxwr eg(r)

pi wreg(r)

pfactor(r)

pxwecon(i)

pi weon(i)

pxww d

pfactw d

pw(i )
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VAR ABLE (ORI G LEVEL = 1.0)(all,i, TRAD COW) pwu(i)

# World price index for total good i supplies at user prices #;

VARI ABLE (all,i, ENDWs_COMM) (al |, j, PROD_COW (all,r, REG pres(i,j,r)

# market price of sluggish endownent used by j, inr # ;

VARI ABLE (all,i, TRAD COW (all,r, SOURCE) (al |, s, DEST) prs(i,r,s)

# donestic price for good i supplied fromr to region s # ;

VAR ABLE (Al I, i, TRAD COMM (Al |, s, SOURCE) (Al |, d, DEST) pxs(i, s, d)

#Domestic market price of comvodity i supplied fromr to s # ;

VARI ABLE (all,i, TRAD COW (all,r, SOURCE) (al |, s, DEST) pfob(i,r,s)

# FOB world price of coomodity i supplied fromr to s # ;

! i.e., prior to incorporation of transportation margin !

VARI ABLE (all,i, TRAD_COMM (al |, r, SOURCE) (al | , s, DEST) pcif(i,r,s)

# CIF world price of coomodity i supplied fromr to s #;

I i.e., subsequent to incorporation of transportation margin !

VARI ABLE pt

# price of global shipping services provided # ;
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VARl ABLE (all, r, REQ rental (r)

# rental rate on capital = ps("capital",r) # ;

VARl ABLE (all, r, REQ rorc(r)

# Current net rate of return on capital stock, inr # ;

VARl ABLE (all, r, REQ rore(r)

# Expected net rate of return on capital stock, inr # ;

VARI ABLE rorg

# A obal net rate of return on capital stock # ;

VARl ABLE (all, r, REQ psave(r)

# price of savings in regionr # ;

VARI ABLE pcgdsw d

# worl d average price of capital goods (net investnent weights) # ;

VARl ABLE (all, r, REQ pcgds(r)

# price of investment goods = ps("cgds",r) # ;

VAR ABLE (Orig_Level =DEPRREG) (Al | , 1, REG) deprate(r)

#Regi onal depreciation rate#;
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VAR ABLE (ORI G LEVEL = 1.0)(all,r, REG pSW(r)

# I ndex of prices received for tradeables produced inr # ;

I Note: this no longer includes sales of net investnment inr !

VAR ABLE (ORI G LEVEL = 1.0)(all,r, REG) pdw(r)

# Index of prices paid for tradeables used in regionr # ;

I'Note: this no longer includes purchases of net savings in region r!

VAR ABLE (ORI G LEVEL = 1.0)(all,r, REG tot(r)

# terms of trade for region r: tot(r) = pswr) - pdw(r) # ;

VAR ABLE (ORI G LEVEL = 1.0)(all,r, REG pgdp(r)

# CDP price index # ;

VARI ABLE (Orig_Level =1)(all,r, REG pnr(r)

# purchase price of land, by region #;

VARI ABLE (Orig_Level =1)(all,r, REG pcap(r)

#purchase price of capital owned by region#;

VARI ABLE (Orig_Level =1)(all,r, REG pnrr(r)

#pur chase price of natural resources, by region#;

VARl ABLE (Orig_Level =1) i pc
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# worl d consunption price index #

VARI ABLE (Orig_Level =1)(all,r, REG ipcr(r)

# national consunption price index #

VARI ABLE (CHANGE) (all,r, REG rkr(r)

#change in average rate of return on capital, by region #;

VARl ABLE (Orig_Level =1)(all,r, REG rmcr)

# rental price of a unit of land, by region #;

VARl ABLE (Orig_Level =1)(all,r, REG nrp(r)

#rental price of a unit of natural resource, by regi on#;

VARI ABLE (Orig_Level =1)(all,r, REG w(r)

# nomi nal wage rate, by region #

VARI ABLE (Al'l,i, TRAD_ COW) (Al |, r, REG pfeda(i,r)

#Purchase price of domestic capital in industry i in region r#;

VARI ABLE (Al'l,i, TRAD_ COW) (Al |, r, REG pfeia(i,r)

#Purchase price of foreign capital in industry i in region r#

VARI ABLE (A'l,i, TRAD_ COW) (Al |, s, horre) (Al'l , d, host) pfesa(i,s,d)
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#Purchase price of capital fromregion s for industry i in region d#

VAR ABLE  (All,i, TRAD COW) (Al |, r, REG) pskd(i,r)

#Supply price of domestic capital to industry in in region r#

VARI ABLE (A'l,i, TRAD_ COW (Al |, s, honme) (Al l, d, host) psks(i,s,d)

#Supply price of capital fromregion s to industry i in region d#

VAR ABLE  (All,i, TRAD COW) (Al l,r, REG) rpd(i,r)

#Mar ket price of donmestic capital to industry in in region r#;

VARI ABLE (A'l,i, TRAD COW (Al |l , s, horre) (Al , d, host) rps(i,s,d)

#Mar ket price of capital fromregion s to industry i in region d#;

VARI ABLE

(Al'l, s, hone) psland(s) #Post-tax rental price of |and#;

(Al'l, s, horme) psnatres(s) #Post-tax rental price of natural resources#;

VAR ABLE (Al l,i, TRAD COW) (Al |, h, HOVE) (Al |, d, host) psh(i, h, d)

#Producers price of output from foreign-owned industries#;

VAR ABLE (All,i, TRAD COW) (Al |, r, REG psd(i,r)

#Producers price of output from donestically-owned industries#,
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VARl ABLE (Al l,i, TRAD_COMW) (Al |, r, REG) pod(i, r)

#Mar ket price of output from donestic industry#;

VARl ABLE (Al l,i, TRAD._COMW) (Al |, r, REG) pdd(i, r)

#Mar ket price of donmestic use of output from donestic industry#;

VARI ABLE (Al l,i, TRAD_COMW) (Al |, r, REG) pxd(i, 1)

#Donmestic market price of exports from donmestic industry#;

VARI ABLE (Al l,i, TRAD COMM) (Al |, 0, HOVE) (Al |, |, HOST) poh(i, o0, 1)

#Mar ket price of output from foreign-owned industry#;

VARI ABLE (Al l,i, TRAD COMM) (Al |, 0, HOVE) (Al |, |, HOST) pdh(i, o0, 1)

#Mar ket price of donestic use of output fromforei gn-owned i ndustries#;

VARI ABLE (Al l,i, TRAD COMM) (Al |, 0, HOVE) (Al | , |, HOST) pxh(i, 0, 1)

#Donmestic market price of exports from foreign-owned industries#;

VAR ABLE (Al l,i, TRAD_COMM (Al |, s, SOURCE) (Al |, d, DEST) pxdd(i, s, d)

#FOB price of exports from donestically-owned indstries#;

VARI ABLE (Al l,i, TRAD_COMM) (Al |, 0, HOVE) (Al |, 1, HOST) (Al |, d, DEST) pxhd(i,o,1,d)

#FOB price of exports fromforei gn-owned indstries#,
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VAR ABLE (All,i, TRAD_ COMM (Al |, s, SOURCE) (Al |, d, DEST) pi sd(i, s, d)

#Tariff incl. price of inports by conm source and dest (sane as pns)#;

VARl ABLE (Al l,i, TRAD_COM) (Al |, 0, HOVE) (Al | , d, DEST) pi hd(i , o, d)

#Price of Use by region d of commodity i fromforeign ind. owned by reg o#;

VAR ABLE (AIl,i, TRAD COW) (Al |, 0, HOVE) (Al |, 1, HOST) (Al |, d, DEST) pihl dw(i,o,!,d)

#CIF price of inports fromforeign-owned industries#;

VARI ABLE (AIl,i, TRAD COW) (Al |, 0, HOVE) (Al |, 1, HOST) (Al |, d, DEST) pihld(i,o,l!,d)

#Tariff incl. price of inports from foreign-owned industries#;

VAR ABLE (All,i, TRAD COMM (Al |, s, SOURCE) (Al |, d, DEST) pi | dw(i, s, d)

#CIF price of inports from donestically-owned industries#;

VAR ABLE (Al l,i, TRAD_ COMM (Al |, s, SOURCE) (Al |, d, DEST) pild(i,s,d)

#Tariff incl. price of inports from donestically-owned industries#;

VARI ABLE (al |, i, ENDW COMM (al | ,j, PROD_COMM (al | , r, REG) f afe(i,j,r);

VAR ABLE (All,i, TRAD COMM (Al |, s, SOURCE) (Al |, d, DEST) fre(i,s,d)

#Freight rate by commodity source and desti nati on#;

VAR ABLE (Al l,i, TRAD_COMM (Al |, d, DEST) pid(i,d)
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#Same as GTAP vari abl e pi n¥#;

VARI ABLE (Al l,i, TRAD._COMM (Al |, r, REG pds(i,r)

#Mar ket price of commodities used domestical |l y#;

1 Rat i os

IR T A |

VARI ABLE ( CHANGE)

# change in world bond-inconme ratio #;

VAR ABLE (CHANGE) (all,r, REG)

# change in bond-income ratio, by region #;

VAR ABLE (CHANGE) (all,r, REG)

# change in househol d bond-income rati o,

VARI ABLE (CHANGE) (all,r, REG)

#change in governnent bond-incone ratio

VARI ABLE (Change) (all,r, REG

# Equity to incone ratio #

by region #;

by region #;

qyb

aybr (r)

gyhbr (r)

qrgbr(r)

qaer(r)
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VARI ABLE (CHANGE) (all,r, REG qyir(r)

#change in ratio of net interest income to nominal inconme, by reg# ;

VAR ABLE (ORI G LEVEL = 1.0)(all,i, TRAD_ COW) (al | , r, REG pri,r)

# ratio of domestic to inported prices inr # ;

VARI ABLE (ORIG LEVEL = 1.0)(all,i, ENDW COW (all,r, REG pfactreal (i,r)

# ratio of return to primary factor i to cpi inr #;

VAR ABLE (CHANGE) (all,r, REG gyhsr(r)

# change in househol d saving ratio #;

VAR ABLE (CHANGE) (all,r, REG grgsr(r)

#change in government saving ratio, by region #;

VAR ABLE (CHANGE) (all,r, REG gyhir(r)

#change in ratio of hhold net interest incone to hhold disp incone #

VAR ABLE (CHANGE) (all,r, REG qrgir(r)

#change in ratio of govt net int recpts to tot govt recpts, by reg#;

VARI ABLE (Change)(all,r, REG gyanp_h__(r)

#Rati o of output inpedinment rents to national incone#;
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VARI ABLE (Change)(all,r, REG qyank_h__(r)

#Ratio of capital inpedinment rents to national incone#

VARI ABLE (Change)(all,r, REG gyfdirat(r)

#Rati o of FDI income to national incone#;

VARI ABLE (CHANGE) (all, r, REG nyank_h__ (r)

#change in ratio of FDI abnornal capital incone to nom nal gdp#;

VARI ABLE (CHANGE) (all, r, REG nyankr (r)

#change in ratio of abnormal capital income to noni nal gdp#;

VARI ABLE (CHANGE) (all, r, REG nyanp_h_ (r)

#change in ratio of FDI output inpedinment incone to nom nal gdp#;

VARI ABLE (CHANGE) (al |, r, REG nyanpr (r)

#change in ratio of output inpediment inconme to nom nal gdp#;

VARI ABLE (CHANGE) (al |, r, REG nyfdirat(r)

#change in ratio of net FDI income to nom nal gdp#;

VARI ABLE (CHANGE) (all, r, REG nyas(r)

#change in ratio of net income from abroad to nom nal gdp#;
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VAR ABLE (CHANGE) (all,r, REG qysr(r)

#change in national saving-income ratio #;

VARI ABLE (CHANGE) (al |, r, REG gcass(r)

#change in ratio of gvt crrt accnt surpl to nominal gdp #;

VARl ABLE (CHANGE) (al |, r, REQ) nki s(r)

#change in ratio of net capital inflow to nonminal gdp #;

VARl ABLE (CHANGE) (al |, r, REQ) bts(r)

#change in ratio of balance of trade to nominal gdp #;

VAR ABLE ( CHANGE) wnyas

#change in ratio of world net interest incone to world gdp #;

VAR ABLE ( CHANGE) wnki s

#change in ratio of world net capital inflowto world gdp #;

VARI ABLE (all,i, TRAD COW (all,r, REG px_ir(i,r)

# export price index for good i and region r # ;

VAR ABLE (all,i, TRAD_COW) px_i (i)

# world export price index for comodity i # ;
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VARI ABLE pX_

# worl d export price index for all commodities # ;

VARI ABLE (all,i, TRAD COW (al |, r, REG pmir(i,r)

# inports price index for good i and region r # ;

VARI ABLE (all,i, TRAD_ COW (al |, r, REG clir(i,r)
# contribution of world price, px_i, to ToT # ;
VARI ABLE (all,i, TRAD_ COW (al |, r, REG c2_ir(i,r)

# contribution of regional export price, px_ir, to ToT # ;

VARI ABLE (all,i, TRAD COW (al |, r, REG c3_ir(i,r)

# contribution of regional inport price, pmir, to ToT # ;

VARI ABLE (all,r, REG cl r(r)

# contribution world prices for all goods to ToT # ;

VARI ABLE (all,r, REG c2 r(r)

# contribution of regional export prices to ToT # ;

VARI ABLE (all,r, REG c3 r(r)

# contribution of regional inmport prices to ToT # ;
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VAR ABLE (all,r, REG tot2(r)

# Trade terns for region r, conputed from conmponents # ;

! Techni cal change vari abl es.

! Specification: If, for exanple, technical progress is

! Hi cks-neutral across!! all inputs at the rate of 1 percent, then

! ao(j,r) =1
e
VARI ABLE (all,j,PROD COW (all,r, REG ao(j,r)

# out put augmenting technical change in sector j of r # ;

VARI ABLE (al |, i, ENDW.COMM (al | ,j, PROD_COMM (al |, r, REG) afe(i,j,r)

# primary factor i augmenting tech change inj of r # ;

VARI ABLE (all,i, TRAD_ COMM (al | ,j, PROD_COMM (al |, r, REG) af (i,j.r)

# conposite interm input i augnenting tech change in j of r # ;

VARI ABLE (all,i, PROD_ COW (all,r, REG ava(i,r)

# Val ue added augnenting tech change in sector i of r # ;
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VARI ABLE (all,i, TRAD COM) (al |, r, REG (all,s, REG atr(i,r,s)

# tech change parameter in shipping of i fromregionr to s # ;

VARI ABLE (Al l,i, TRAD COW) (Al |, s, SOURCE) (Al | , d, DEST) atsd(i, s, d)

#Tech efficiency of shipping of output of donestically-owned industries# ;

VARI ABLE (Al l,i, TRAD COM) (Al |, 0, HOVE) (Al |, |, HOST) (Al | , d, DEST) athsd(i,o,!,d)

#Tech efficiency of shipping of output of foreign-owned industries# ;

I Al tax variables below are "powers" !

VARI ABLE (all,i, TRAD_ COW (all,r, REG to_shk(i,r)

# output (or incone) tax shock inregionr # ;

VARI ABLE (all,i, NSAV_COMM (al |, r, REG) to(i,r)

# output (or incone) tax in regionr # ;

VARI ABLE (all,i, ENDW COMM (al | ,j, PROD_COW) (al |, r, REG) tf(i,j.r)

# tax on primary factor i used by j inregionr # ;
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VARI ABLE (all,i, TRAD_COMM (al I , r, REG) tpn(i,r)

# tax on inmported i purchased by private hhlds inr # ;

VARI ABLE (al |, i, TRAD_COMM (al | , r, REG) tpd(i,r)

# tax on donestic i purchased by private hhid inr # ;

VARI ABLE (all,i, TRAD_COMM (al | , r, REG) tgn(i,r)

# tax on inmported i purchased by gov't hhid inr # ;

VARI ABLE (al |, i, TRAD_COMM (al | , r, REG) tgd(i,r)

# tax on donestic i purchased by governnent hhlds inr # ;

VARI ABLE (all,i, TRAD_COMM (al |, j, PROD_COMM (al | , r, REG) tfn(i,j,r)

# tax on inmported i purchased by j inr # ;

VARI ABLE (all,i, TRAD_COMM (al I, j, PROD_COMM (al | , r, REG) tfd(i,j,r)

# tax on donestic i purchased by j inr # ;

VARI ABLE (all,i, TRAD_ COW) (all,r, REGQ (all, s, REG txs(i,r,s)

# conbined tax inr on good i bound for region s # ;

VARI ABLE (all,i, TRAD._COMM (al |, r, REG) (al |, s, REG) tns(i,r,s)

# inport tax in s on good i inported fromregionr # ;
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VARI ABLE (all,i, TRAD_ COMM (al | , s, REG) tn(i,s)

# variable inport levy -- source generic # ;
VARI ABLE (all,i, TRAD COW (all,r, REG tx(i,r)
# variabl e export tax (subsidy) -- destination generic # ;
VARl ABLE (Orig_Level =RVTXYCR) (al I, r, REG rtyr(r)

# inconme tax, by region #

VARI ABLE (all,r, REG) ftypr(r)

# property incone tax rate shift, by region #;

VARI ABLE (Orig_Level =RVTXYCLBR) (al |, r, REG) rtylr(r)

# tax on | abour incone, by region #;

VARl ABLE (Orig_Level =RVTXYCPPR) (all,r, REG rtypr(r)

# tax on property incone, by region #

VARl ABLE (Orig_Level =RVTXYCKR) (all,r, REG rtykr(r)

# tax on capital incone, by region #

VARl ABLE (all,r,REG tylr(r) # rate of tax on | abour income, by region #;

VARI ABLE (all,r,REG typr(r) # rate of tax on property incone, by region #;
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VARI ABLE (Al l, o, HOVE) (Al l, |, HOST) typr_ank(o, )

#Property tax rate to be applied to capital inpedinent incone flow#

VARI ABLE (Al l, o, HOVE) (Al l, |, HOST) typr_anp(o,l)

#Property tax rate to be applied to output inpedinment income flow#;

VARI ABLE (all,r,REG ftyr(r) # inconme tax rate shift, by region #;

VARI ABLE (all,r,REG ftylr(r) # labour inconme tax rate shift, by region #

VARI ABLE (all,i, TRAD_ COW) (al |, r, REG tinvd(i,r)

# power of the commtax on the ith domcomm sold as invst #;

VARI ABLE (all,i, TRAD_COW) (al |, r, REG tinvi(i,r)

# power of the commtax on the ith conp inp comnmsold as invst #

VAR ABLE (all, r, REG f_kb(r)

#Swap in closure with frer to introduce perfect arbitrage between regi ons#;

VAR ABLE  (All,i, TRAD COW) (A |, r, REG) tfda(i,r)

#Power of tax on donmestic capital by industry#;

VAR ABLE  (All,i, TRAD COW) (A |, 1, REG) tfia(i,r)

#Power of tax on foreign capital by industry#;
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VAR ABLE  (All,i, TRAD COW) (Al l, s, home) (Al |, d, host) tfsa(i,s,d)

#Power of tax on foreign capital by hone region and industry#;

VAR ABLE  (All,r, REG toa(r)

#Power of uniformtax across industries on all capital#,

VAR ABLE  (All,r, REG toad(r)

#Power of uniformtax across industries on donestic capital#;

VARI ABLE (A'l,r, REG toai (r)

#Power of uniformtax across industries on foreign capital#;

VARI ABLE (A'l, s, hone) (Al I, d, host) toas(s, d)

#Power of uniformtax across industries on foreign capital by hone regi on#;

VAR ABLE (Al l,i, TRAD COMM (Al |, s, HOVE) (Al |, d, HOST) tof (i,s,d)

#%hange in the power of the output inpedinent in foreign FD industries#,

VARI ABLE (Al l,i, TRAD_ COMM (Al |, r, REG) tod(i,r)

#%hange in the power of the output inpedinment in donestic FDI industries#;

VARI ABLE (Change) (Al'l ,i, TRAD_COW) (Al |, s, HOVE) (Al |, d, HOST) renotaxf(i,s,d)

#Shock by x to renove x% of the output inpedinent in foreign FD industries#;
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VARI ABLE (Change) (All,i, TRAD COW (Al |, r, REG renmot axd(i,r)

#Shock by x to renmove x% of the output inpedinent in domestic FDI industries#;

VARI ABLE

(All,i, TRAD_ COW) (Al |, s, SOURCE) (Al | , d, DEST) txsd(i,s, d)

#Power of route-specific export tax#,

(All,i, TRAD COMM) (Al |, s, SOURCE) (Al | , d, DEST) tmsd(i, s, d)

#Power of route-specific inport tax#,

(Al'l,i, TRAD_ COMM (Al |, 0, HOVE) (Al I, 1, HOST) (Al | , d, DEST) txhd(i,o,1,d)

#Power of ownership-route-specific export tax on foreign-owned industries#;

(AIl,i, TRAD_ COW) (Al |, 0, HOVE) (Al | , |, HOST) (Al | , d, DEST) tnhs(i,o,!,d)

#Power of ownership-route-specific inport tax on foreign-owned industries#;

VAR ABLE (Al l,i,|ND) f_altot(i)

#Sl ack variable to turn on/off nonopolistic conpetition#;

VAR ABLE (All,i, TRAD COW) (Al |, r, REG f_ao(i,r)

#Sl ack variable to turn on/off nonopolistic conpetition#;

VARIABLE (Al l,i, TRAD COW) (Al |, 0, HOVE) (Al |, 1, HOST) altot f(i,o,1)

#Qut put efficiency of foreign-owned industries#;

VAR ABLE (Al l,i, TRAD._COW) (Al |, r, REG) altot_d(i,r)

#Qut put efficiency of domestically-owned industries#;
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! Val ue, Incone and Utility variables

VARI ABLE (all,r, REG vxw eg(r)

# val ue of merchandi se exports, by region # ;

VARI ABLE (all,r, REG viweg(r)

# val ue of merchandi se inports, by region, at world prices #

VAR ABLE (all,i, TRAD_COMM) (al |, s, REG) viwci f(i,s)

# val ue of merchandi se regional inmports, by commodity, cif #

VAR ABLE (all,i, TRAD_COMM) (al |, s, REG) vxwf ob(i , s)

# val ue of merchandi se regi onal exports, by comodity, fob #

VAR ABLE (al |, i, TRAD_COWM vxweon(i )

# val ue of gl obal merchandi se exports by comodity #

VAR ABLE (al |, i, TRAD_COWM viwcon(i)

#val ue of gl obal merchandi se inports by commodity, at world prices #;

VARI ABLE vxwi d

# value of world trade #
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VAR ABLE (al |, i, TRAD_COMM) val uew(i)

# value of world supply of good i # ;

VAR ABLE (al |, i, TRAD_COMM) val uewu(i )

# value of world supply of good i at user prices # ;

VARI ABLE (all, r, REG vgdp(r)

# change in value of GDP # ;

VAR ABLE ! (all, r, REG y(r)

# regi onal household incone, inregionr # ;!

! Repl ace GTAP incone variable with 1C95 incone variable !

(all,r,REG y_r(r) # nom nal incone, by region #;

VARI ABLE (Change) (All, r, REG yankr (r)

#(non) incone fromabnormal returns to capital by region#;

VARI ABLE (Change) (All,j, TRAD COW (Al |, r, REG yankri (j,r)

#(non) incone fromabnormal returns to capital by industry and regi on#;

VARI ABLE (Change) (All, r, REG yank_h__(r)

#(non) net income from FDI abnormal returns by region#,
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VARI ABLE (Change) (Al'l ,i, TRAD_COW) (Al |, s, HOVE) (Al |, d, host) yank_hhi (i, s, d)

#(non) incone fromabnormal returns to FDI capital by honme, host and industry#;

VARI ABLE (Change) (Al'l, r, REG yanpr (r)

#(non) incone from output inpedinents by regi on#;

VARl ABLE (Change) (Al'l,j, TRAD_COW) (Al |, r, REG yanpri (j,r)

#(non) incone from output inpedinents by industry and regi on#;

VAR ABLE (Change) (Al l, r, REG yanp_h__(r)

#(non) net incone from FDI output inpedinents by regi on#;

VARI ABLE (Change) (Al ,i, TRAD COW) (Al l, s, HOVE) (Al | ,d, host) yanp_hhi(i,s,d)

#(non) incone fromoutput inpedinents to FDI capital by hone, host and ind.#

VARI ABLE (Change) (Al'l ,i, TRAD_COW) (Al | , s, HOVE) (Al |, d, host) anrro_hhi (i, s, d)

#Qut put i npedi ment RoR for foreign industries for welf deconp terns#;

VARI ABLE (Change) (Al'l ,i, TRAD_COW) (Al | , s, HOVE) (Al |, d, host) anto_hhi(i,s,d)

#Qut put i npedinent rate of return for foreign industries#;

VARl ABLE (Change) (Al ,i, TRAD_COW) (Al |, r, REG anto_h_i(i,r)

#Qut put i npedi nent rate of return for donestic industries#,
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VARI ABLE (change) (All, r, REG yfdi _h__(r) #Net FDI income#;

VARI ABLE (change) (Al l, s, REG) (Al |, d, REG) (A |, i, TRAD COMM) yfdi _hhi (i, s,d)

#Home region income fromFDI in each industry and host region#;

VAR ABLE (all,r, REG yp(r)

# regional private household expenditure, in region r # ;

VARI ABLE (al |, r, REG up(r)
# per capita utility fromprivate expend., in region r #;
VAR ABLE (all,r, REG ug(r)
# per capita utility fromgov't expend., in region r #
VARI ABLE (al |, r, REG u(r)
# per capita utility fromaggregate hhld expend., in regionr # ;
VARI ABLE (CHANGE) (al I, r, REG EV(r)

# Equivalent Variation, $ US million # ;

I Hicksian equivalent variation. Positive figure

i ndi cates wel fare inprovenment !

VARI ABLE ( CHANGE) VEV

# Equi val ent variation for the world # ;
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VAR ABLE ( CHANGE) (al | , r, REG) DTBAL(r)

# Change in trade balance X - M $ USnmillion # ;

! Positive figure indicates increase in exports exceeds inports. !

VARI ABLE ( CHANGE) (al |, i, TRAD_ COW) (al | , r, REG) DTBALi (i ,r)

# Change in trade bal ance by commbdity and by region, $ US million #

I Positive figure indicates increase in exports exceeds inports. !

VARl ABLE (Orig_Level =YQ) yn

# worl d nom nal inconme #;

VARl ABLE (Orig_Level =URGVHHR) (al I , r, REG ughr (r)

# government transfer paynents #;

VARl ABLE (CHANGE) (all,r, REG d_ughr _(r)

# 100*gover nment transfer paynents #

VARl ABLE (CHANGE) (all,r, REG d_ughr (r)

#100*governnent transfer payments excluding export restriction rents#,

VARl ABLE (Orig_Level =YCHHDPR) (al I, r, REG yhdr (r)

# (nom househol d di sposabl e i ncone, by region #;
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VARI ABLE (Orig_Level =RCGVR) (al |, r, REG) rgr(r)

# (nom governnent receipts, by region #

VAR ABLE (Orig_Level =ASEQR) (al | , r, REG) aer (r)

#(value of) equity in productive assets in reg r#;

VARI ABLE (Orig_Level =VKB) (all,r, REG akr(r)

# val ue of physical capital owned by region #;

VARI ABLE (Orig_Level =ASLNR) (al |, r, REG) anr(r)

# value of land, by region #

VARI ABLE (Orig_Level =ASLNRR) (al | , r, REG anrr(r)

#val ue of natural resources, by region#;

VARI ABLE (Change) (All, r, REG c_VDEP(r)

#Change in val ue of aggregate depreciation in each region#,

VARI ABLE (Orig_Level =YFNT) (al |, r, REG yfn(r)

# net factor inconme, by region #

VARI ABLE (Orig_Level =GRCOM) (al | , r, REG rc(r)

# (nom revenue fromcomodity taxes, by region #;
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VARl ABLE (Orig_Level =EPCSR) (al | , r, REG

# aggregate consunpti on expenditure, by region #;

VARI ABLE (Ori g_Level =GOVEXP) (al |, r, REG)

# governnent consunption expenditure, by region #;

VARl ABLE (Orig_Level =YQ)

# world real incone #;

VARI ABLE (Orig_Level =YCHHR) (al | , r, REG

# (nom private household i ncome, by region #;

VARI ABLE (Orig_Level =LTT) (al |, r, REG

# (nom | abour incone, by region #;

VARI ABLE (Orig_Level =YCHHPPR) (al | , r, REG)

# househol d property incone, by region #

VAR ABLE (Orig_Level =YCHHPPRTAX) (al | , r, REG)

# property incone which is taxed #;

VARI ABLE (Change) (Al'l, r, REG

VARI ABLE (Change) (All,r, REG

ecr(r)

zg(r)

yr

yhr(r)

ylr(r)

yhpr(r)

yhprtax(r)

yoi t(r);

ykit(r);
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VAR ABLE (Orig_Level =YCHHPPRLOC) (al | , r, REG)

# property income |ess net FDI incone #

VARI ABLE (Orig_Level =YCEQR) (al |, r, REG)

# (nom equity inconme, by region #;

VARI ABLE (Orig_Level =OLGVR) (al |, r, REG

# (nom governnent current outlays, by region #

VARI ABLE (all,r, REG

# govt-to-household transfer shift, by region #

VARl ABLE (Orig_Level =YCR) (all,r, REG

# real incone, by region #

VAR ABLE (Orig_Level =YCHHPVR) (al |, r, REG)

# (nom househol d pre-transfer incone, by reg#

VARI ABLE (Level s, Change) (Al'l,i, PROD_COW (Al |, r, REG

#Share of output rent which is tax revenue#;

VARI ABLE (Level s, Change)

(All,i, TRAD_ COW) (Al |, s, SOURCE) (Al | , d, DEST)

#Share of export restriction rent which is tax revenue#;
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VARI ABLE (Orig_Level =KTT) (al |, r, REG fke(r)

# (nom fixed capital earnings, by reg#,

VARI ABLE (Orig_Level =REG NV) (al |, r, REG invt(r)

# agg invst at curr prices # ;

VARI ABLE(Ori g_Level =GRCOMI) (al |, r, REG rcl(r)

# (nom revenue fromcomodity taxes, by region #;

VARI ABLE (Al l,i, TRAD COW) (al | , d, REG) kf__hi(i,d)

# FDI by industry and destination region #;

VARIABLE (all,d,REG kf__h (d) # FD by destination region #;

VARI ABLE (all,d,REG kd__h_(d) # Donmestic capital by region #

VARl ABLE (all,j, PROD_COW (all,r, REG profitslack(j,r)
# slack variable in the zero profit equation #

I This is exogenous, unless the user w shes to specify
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output in a given region exogenously. ! ;

VARI ABLE (al |, r, REG i nconesl ack(r)

# slack variable in the expression for regional incone #

! This is exogenous, unless the user wishes to fix

regi onal incone ! ;

VARI ABLE (all,i, ENDW COW (all,r, REG endwsl ack(i,r)

# slack variable in the endowrent market clearing condition #

! This is exogenous, unless the user wishes to fix

the wage rate for one of the primary factors ! ;

VARI ABLE (all, r, REQ cgdsl ack(r)

# slack variable for qcgds(r) #

! this i s exogenous, unless the user wi shes to specify

the level of new capital goods in a region !;

VARI ABLE (al |, r, REG savesl ack(r)

# slack variable in regional demand for savings #

! This is exogenous unless the user wishes to fix the

| evel of savings in a region. ! ;

VARI ABLE (all,r, REG privslack(r)

# slack variable to pernit fixing of real private purchases #
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I This is exogenous unless the user wishes to fix the

| evel of private purchases. !

VARI ABLE (all, r, REG govsl ack(r)

# slack variable to permt fixing of real govt purchases #

I This is exogenous unless the user wishes to fix the

| evel of government purchases. ! ;

VARl ABLE (all,i, TRAD_ COW (all,r, REG tradsl ack(i,r)

# slack variable in the tradeabl es market clearing condition #

I This is exogenous unless the user wi shes to specify

the price of tradeabl es exogenously ! ;

VARI ABLE (all,r, REG psavesl ack(r)

# slack variable for the savings price equation #

I This is exogenous under the nornmal closure. However, in

order to replicate simulations fromthe earlier nodel, where

there was a single savings price, psaveslack may be swapped with

psave in order to fix the latter. In this case, pcgdsw d nust be

the nuneraire. ! ;

VARI ABLE wal rasl ack

# slack variable in the omtted market #

I This is endogenous under nornal, CE closure.
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If the GE |inks are broken, then this nust be

swapped with the nuneraire, thereby forcing gl obal

savings to explicitly equal global investnent. ! ;

VAR ABLE (Al I, i, PROD_COM (Al I, 1, REG) f pfek(i,r)

#Sl ack variable to nullify the capital conmponent of the GTAP pfe equation#;

VAR ABLE (Al I, i, TRAD COMM (Al |, s, HOVE) (Al | , d, HOST) f tof(i,s,d)

#Sl ack variable to allow tof to differ fromtod#,

VARI ABLE (all,r, REG savesl ackl(r);

! Vari abl es for Bond and Wealth

I The variable ipc is used as the bond price in the SALTER code. This should

be replaced by the variable pbr for private bonds. Haven't thought about

gover nment bonds yet. !

VARI ABLE pb #Worl d private bond price#;

VARI ABLE (Al'l,r,REG pbr(r) #Private bond price#;

VARI ABLE (All,r,REG prentb(r) #Rental price of bonds#,

VARI ABLE (Al'l, s, home) pk_h__(s) #Asset price of capital owned by region s#
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VARI ABLE ( CHANGE)

# change in rea

(all,r, REG

bond rate, by region #

VARI ABLE (Orig_Level =ASHHR) (al | , r, REG)

# househol d weal t

h, by region #

VARI ABLE (Orig_Level =1)(all,r, REG

# price index for

private househol d wealth, by region #;

VARI ABLE (change) (al |, r, REG

#Rate of return on private wealt h#;

VARI ABLE ( CHANGE)

(all,r, REG

# change in post-tax real bond rate, by region #;

VARI ABLE ( CHANGE)

# change in worl

VARI ABLE ( CHANGE)

d real bond rate #;

(all,r, REG

# change in required rate of return on equity, by region #

VAR ABLE ( CHANGE)

# change in shift

(all,r, REG

in equity premium by region #;

rbr(r)

ahr (r)

i pahr(r)

rhr(r)

rbrpt(r)

rb

rer(r)

frer(r)
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VARI ABLE (CHANGE) (all,r, REG ercrbr(r)

#change in expected rate of change in world bond rate, by region #;

VARI ABLE ( CHANGE) ercrb

#change in expected rate of change in world bond rate#,

VARI ABLE (CHANGE) (all,r, REG ercrer(r)

#change in expctd rate of change in reqrd rate of return on equity #;

VARI ABLE (CHANGE) (all,r, REG ercfrer(r)

#change in expected rate of change in equity prem um #;

! Rate of return variables are percentage point changes, as in SALTER !

VARI ABLE (change) (Al'l, s, home) c_rr_h__(s)

#Rate of return on capital owned by region s#;

VARI ABLE (change) (Al , s, hore) (Al'l, i, TRAD_COW c_rr_h_i(i,s)

#Rate of return on capital owned by region s in industry i globally#;

VARI ABLE (change) (Al , s, hore) (Al'l, i, TRAD_COW) c_rrd_h_i(i,s)

#Rate of return on donestic capital#,
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VARI ABLE (change) (Al ,i, TRAD_COW) (Al |, s, hone) c_trrd_h_i(i,s)

#Post-tax c_rrd_h_i#;

VARI ABLE (change) (Al l, s, hore) (Al l, i, TRAD_COW) c_rrf_h_i(i,s)

#Rate of return on foreign capital owned by hone regi on#;

VARI ABLE (change) (Al'l, s, hone) (Al l, d, host) (Al , i, TRAD_COVM) c_rr_hhi(i,s,d)

#Rate of return on capital in industry i in region d owned by region s#

VARl ABLE (CHANGE) (all,r, REG rar(r)

#change in average rate of abnormal return on capital, by region #;

VARl ABLE (CHANGE) (all,r, REG ercrkr(r)

#change in expected rate of change in rate of rtrn on captl, by reg#;

VAR ABLE (CHANGE) (all,i, TRAD COMM (al |, r, REG) rkri (i, r)

# change in rate of return on capital, by reg and industry#;

VARl ABLE (CHANGE) (all,i, TRAD_COW (all, r, REG rari(i,r)

# change in rate of abnormal return on capital, by region and ind#;

VARI ABLE (Orig_Level =1)(all,r, REG i per(r)

# equity price index, by region #
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VARI ABLE

#Rat e of

VARI ABLE

#Rat e of

VARI ABLE

#Rat e of

VARI ABLE

#Rat e of

VARI ABLE

#Rat e of

VARI ABLE

(change) (Al'l , s, hon®) c_rr_land(s)

return on | and#;

(change) (Al'l , s, hon®) c_rr_natres(s)

return on natural resources#;

(change) (Al'l ,d, host) (Al l,i, TRAD_COW) c_rrf__hi(i,d)

return on foreign capital in destination region by industry#;

(change) (Al l, d, host) c_rrf__h_(d)

return on foreign capital in destination regi on#;

(change) (Al l, d, host) c_rrd__h_(d)

return on donestic capital by regi on#;

(change) (Al'l , s, hone) (Al ,d, host) (Al l,i, TRAD COW) c_trr_hhi(i,s,d)

#Post tax c_rr_hhi#;

VARI ABLE

(change) (Al'l , s, hone) c_trr_land(s)

#Post tax c_rr_| and#;

VARI ABLE

(change) (Al'l , s, hon®) c_trr_natres(s)

#Post tax c_rr_natres#;
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VARI ABLE

#Change i n asset val ue of donestic capital

VARI ABLE

#Change in asset value of FDI stock in each industry and host

(Change) (Al'l ,i, TRAD_COW) (Al'l, s, hon®)

c_VKD(i, s)

stock in each industry#;

(Change) (Al'l ,i, TRAD_COW) (Al I, s, hone) (Al l,d, host) c_VFDI _HHI (i, s, d)

regi on#,;

! Reciprocals of rates of return are defined as percentage change vari abl es

so they can be used as prices in inplicit updates !

VARI ABLE

#Reci procal

VARI ABLE

#Reci procal

VARI ABLE

VARI ABLE

VARI ABLE

VARI ABLE

VARI ABLE

VARI ABLE

(All,s, home) (Al l, i, TRAD_COW)

of c_rrd_h_i#,

(All,s, home) (Al l,d, host) (Al l,i, TRAD COW)

of c_rr_hhi#

(A'l, s, hone) r_rr_land(s) #Reci procal

(Al s, hone) r_rr_natres(s) #Reciprocal

r rrd_h_i(i,s)

r_rr_hhi(i,s,d)

of c_rr_l and#;

of c_rr_natres#;

(Al s, hone) r_rbr(s) #Reci procal ror# ;
(Al s, hone) ghr (s) #Real private weal t h#;
(A'l, s, hone) ger(s) #Real equity#;
(A'l, s, hone) gbr (s) #Real private bonds#;
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VARl ABLE (Orig_Level =1)(all,r, REG gnepi (r)

# price index for gross national expenditure #

VARI ABLE (Orig_Level =GNEL) (al |, r, REG gner(r)

# gross national expenditure, real #

VARI ABLE (Orig_Level =GNEL) (all,r, REG gne(r)

# gross national expenditure #;

VARI ABLE (Orig_Level =PRI VEXP) (all,r, REG ctr(r)

# real aggregate consunption # ;

VARl ABLE (Orig_Level =CGDP) (all, r, REG gdpe(r)

#expenditure on gross donestic product#;

VARI ABLE(Ori g_Level =1) (all,r, REG gdppi (r)

#price index for expend on GDP #;

VARI ABLE (Orig_Level =CGDP) (al |, r, REG gdpr(r)
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# real gdp #;

VARl ABLE (Orig_Level =GDP) (al |, r, REG gdpn(r)

# nom nal GDP #;

VARI ABLE (Orig_Level =GNPL) (al |, r, REG gnp(r)

# gross national product #

VARI ABLE (Orig_Level =WGPL) wgp

# worl d gross product (nom nal) #

VARI ABLE (Orig_Level =ASKP) wkt # world capital stock (real) #;

VARI ABLE (Orig_Level =W NVTT) winvtr # world investrment (real) #;

VAR ABLE  (All,r,REG bop(r);

VARI ABLE (all,r, REG wr(r) #real wage rate#,

VARI ABLE (all, r, REG gvar(r) #val ue-added of all inds in regionr # ;

VARI ABLE (all, r, REG gdpfc(r) #CDP at factor cost#;

VARl ABLE (Orig_Level =YCHHDPR) (al |, r, REG ydr(r)

# real househol d di sposabl e i ncone #;
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VAR ABLE (LI NEAR, CHANGE) (all,r, REG) EV_ALT(r)

# expression for regional EV conputed in alternative way # ;

VARI ABLE (LI NEAR, CHANGE) VEV_ALT

# expression for WEV conputed in alternative way # ;

VARI ABLE (CHANGE) (al | ,r, REG grsub(r)

# contrib of Din indirect tax/subs to %D in GRCOMI, by region #;

ID = change!

VARI ABLE (CHANGE) (all,r, REG grint(r)

# contrib of Din taxes on intermgoods to % in GRCOMI, by region #

VARI ABLE (CHANGE) (al |, r, REG grinv(r)

# contrib of Din taxes on sales as invst to % in GRCOMI, by reg#;

VARI ABLE (CHANGE) (al |, r, REG grcon(r)

#cont of Din tax on gds for pri hhold cons to % in GRCOMI, by reg#,

VARI ABLE (CHANGE) (al |, r, REG grexp(r)
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# contrib of Din export taxes to % in GRCOMI, by region #;

VARl ABLE (CHANGE) (al |, r, REG grgov(r)

#cont of D in tax on gds for govt cons to % in GRCOMI, by region #

VARl ABLE (CHANGE) (al |, r, REG grdut(r)

# contrib of Din tariffs to % in GRCOMI, by region #

VARI ABLE ( CHANGE) (al | , r, REG) grsubl(r)

# contrib of Din indirect tax/subs to %D in GRCOMI, by region #;

1D = change!

VARI ABLE (CHANGE) (al |, r, REG) grintl(r)

# contrib of Din taxes on intermgoods to %O in GRCOMI, by region #;

VARI ABLE (CHANGE) (al |, r, REG) grinvl(r)

# contrib of Din taxes on sales as invst to %O in GRCOMI, by reg#;

VARI ABLE (CHANGE) (al |, r, REG) grconl(r)

#cont of Din tax on gds for pri hhold cons to % in GRCOMI, by reg#;

VARI ABLE (CHANGE) (al |, r, REG grexpl(r)

# contrib of Din export taxes to %O in GRCOMI, by region #;
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VARI ABLE (CHANCE) (al |, r, REG grgovl(r)

#cont of Din tax on gds for govt cons to %O in GRCOMI, by region #;

VARI ABLE (CHANGE) (al I, r, REG grdut 1(r)

# contrib of Din tariffs to % in GRCOMI, by region #

VARI ABLE (Linear, Change) (All,r, REG CNTbondrO(r)

# Contribution to regional EV of real bond hol di ngs #;

VARI ABLE (Linear, Change) (All,r,REG CNTintrater(r)

#Contribution to regional EV of interest rates #;

ICNTintrate defined |ater after rel evant SALTER data and vari abl es are defi ned!

VARI ABLE (Li near, Change) (All,r, REG CNTbondr(r)

# Contr to reg EV of real bond hol dings when using interest rate effect#;

VARI ABLE (Li near, Change) (All,r, REG CNTfyr(r)

# Contribution to regional EV of nominal foreign incone#

VAR ABLE (LI NEAR, CHANGE) (all,r,REG) CNTqor(r)

# Contrib to WEV of changes in outp of all NSAV_COW from REG r # ;

VAR ABLE (LI NEAR, CHANGE) (all,i, NSAV._COW) (all,r, REG CNTqoir(i,r)

# Contrib to WEV of changes in output of NSAV.COWM i in REGr # ;
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VAR ABLE (LI NEAR, CHANGE) (all,r, REG) CNTqfer(r)

#Contrib to WEV of Ds in use of all ENDWCOW in all INDin REGr #;

VAR ABLE (LI NEAR, CHANGE) (all,i, ENDW COW) (al |, r, REG CNTgfeir(i,r)

#Contrib to WEV of Ds in use of ENDWCOW i in all INDin REGr # ;

VAR ABLE (LI NEAR, CHANGE) (all,j, PROD COMW) (al |, r, REG CNTqfejr(j,r)

#Contrib to WEV of Ds in use of all ENDWCOW in IND j of REGr # ;

VARI ABLE ( LI NEAR, CHANCE)

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

#Contrib to WEV of Ds in use of ENDWCOW i in INDj of REGr # ;

VARI ABLE (LI NEAR, CHANGE) (all,r, REG CNTqfnr(r)

#Contrib to WEV of Ds in use of inported int. inall INDin REGr # ;

VARI ABLE (LI NEAR, CHANGE) (all,i, TRAD COMM (al |, r, REG) CNTgfmir(i,r)

#Contrib to WEV of Ds in use of inported int. i in all INDin REGT r#;

VARI ABLE (LI NEAR, CHANGE) (all,j, PROD COMM (al |, r, REG CNTgfnmjr(j,r)

#Contrib to WEV of Ds in use of inported int. in INDj of REGr # ;

VARI ABLE ( LI NEAR, CHANCE)
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(all,i, TRAD COMM (al | ,j, PROD COMM (al |, r, REG CNTqfmijr(i,j,r)

#CONTRI B TO WEV OF Ds IN USE OF I MPORTED INT. | ININD J OF REG R #;

VAR ABLE (LI NEAR, CHANGE) (all,r, REG) CNTgfdr(r)

#Contrib to WEV of Ds in use of donmestic int. inall INDin REGr # ;

VARI ABLE (LI NEAR, CHANGE) (all,i, TRAD COMM (all,r, REG) CNTqfdir(i,r)

#Contrib to WEV of Ds in use of donmestic int. i inall INDin REGr #,

VARI ABLE (LI NEAR, CHANGE) (all,j, PROD COMM (all,r, REG CNTqfdjr(j,r)

#Contrib to WEV of Ds in use of donestic int. in INDj of REGr # ;

VARI ABLE (LI NEAR, CHANGE)

(all,i, TRAD COW) (all,j, PROD_ COW) (all,r, REG  CNTqfdijr(i,j,r)

#Contrib to WEV of Ds in use of donmestic int i inINDj of REGr # ;

VAR ABLE (LI NEAR, CHANGE) (all,r, REG) CNTgpnr (r)

#Contrib to WEV of Ds in consunption of inported goods in REGr # ;

VAR ABLE (LI NEAR, CHANGE) (all,i, TRAD COW) (al |, r, REG CNTgpmir(i,r)

#Contrib to WEV of changes in cons of inported good i in REGr # ;

VAR ABLE (LI NEAR, CHANGE) (all,r, REG) CNTqgpdr(r)

#Contrib to WEV of changes in cons of donmestic goods in REGr # ;
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VARI ABLE

#Contrib

VARI ABLE

#Contrib

VARI ABLE

#Contrib

VARI ABLE

#Contrib

VARI ABLE

#Contrib

VARI ABLE

#Cont to

VARI ABLE

#Contrib

VARI ABLE

#Cont to

(LI NEAR, CHANGE) (all,i, TRAD COW (all,r, REG CNTqpdir(i,r)

to WEV of changes in cons of donmestic good i in REGr # ;

(LI NEAR, CHANGE) (all,r, REG CNTqgnr(r)

to WEV of changes in gov't cons of inports in REGr # ;

(LI NEAR, CHANGE) (all,i, TRAD COW (all,r, REG CNTqgmr(i,r)
to WEV of changes in gov't cons of inport i in REGr # ;
(LI NEAR, CHANGE) (all,r, REG CNTqgdr(r)

to WEV of changes in gov't cons of donestics in REGr # ;

(LI NEAR, CHANGE) (all,i, TRAD COW (all,r, REG CNTqgdir(i,r)
to WEV of changes in gov't cons of donestic i in REGr # ;
(LI NEAR, CHANGE) (all,r, REG CNTgxsr(r)

WEV of changes in exps of all gds fromSRCE r to all DEST #;

(LI NEAR, CHANGE) (all,i, TRAD COW) (all,r, REG CNTgxsir(i,r)

to WEV of changes in exps of i fromSRCE r to all DEST # ;

(LI NEAR, CHANGE) (all,r,REG (all,s, REG CNTgxsrs(r,s)

WEV of changes in exps of all goods from SRCE r to DEST s #;
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VARI ABLE (LI NEAR, CHANGE)

(all,i, TRAD COW (all,r, REGQ (all,s, REG CNTgxsirs(i,r,s)

# Contrib. to WEV of changes in exports of i from SRCE r to DEST s#;

VARI ABLE (LI NEAR, CHANGE) (all,r, REG) CNTginr(r)

#Cont to WEV of changes in inps of all gds fromall SRCE to DEST r #;

VARI ABLE (LI NEAR, CHANGE) (all,i, TRAD COMM (all,r, REG) CNTqimir(i,r)

#Contrib to WEV of changes in inmps of i fromall SRCE to DEST r # ;

VAR ABLE (LI NEAR, CHANGE) (all,s, REQ (all,r, REG) CNTqi msr(s,r)

#Cont to WEV of changes in inps of all goods from SRCE s to DEST r #;

VARI ABLE (LI NEAR, CHANGE)

(all,i, TRAD COW) (all,s, REGQ (all,r, REG CNTqgimsr(i,s,r)

#Contrib to WEV of changes in inps of i from SRCE s to DEST r#,

VARI ABLE (Linear, Change) (All,r, REG CNTallefffdi(r)

#Contrib to regional EV fromalloc. eff. between for. & dom industries#,

VAR ABLE (LI NEAR, CHANGE) (all,r, REG) CNTalleffr(r)

# Total contribution to regional EV of allocative effects # ;
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VARI ABLE (LI NEAR, CHANGE) (all,i, TRAD COMM) (all,r, REG CNTalleffir(i,r)

# Total contribution to regional EV of allocative effects # ;

VARI ABLE (LI NEAR, CHANGE) (all,r, REG CNTtotr(r)

# Contribution to regional EV of changes in its terns of trade # ;

! Note that the capital account conponent of this change has now been

renoved and placed in a newterm !

VARI ABLE (LI NEAR, CHANGE) (all,r, REG CNTcgdsr(r)

# Contribution to regional EV of changes in the price of cgds # ;

VARl ABLE (Li near, Change) (All,r, REG CNTror(r)

# Contribution to regional EV of rate of return changes for FD assets#;

VARI ABLE (Li near, Change) (All,r, REG CNTcapr(r)

# Contribution to regional EV of stock changes for FDI assets#;

VARI ABLE (Li near, Change) (All,r, REG CNTpcapr(r)

# Contribution to regional EV of asset price changes for FDI assets#;

VARI ABLE (Linear, Change) (All,r, REG CNTpricerO(r)

# Contribution to regional EV of all price changes #;

VARl ABLE (Li near, Change) (All,r, REG CNTpricer1(r)

THEFTAPTABLO
CODE

345



# Contr to reg EV of all price changes when using interest rate effect#;

VARI ABLE (Linear, Change) (All,r, REG CNTpbr(r)

# Contribution to regional EV of asset price of bonds#,

VARI ABLE (Linear, Change) (All,r, REG CNTpricer(r)

# Contr to reg EV of all price changes under FDI extension#;

VARI ABLE (LI NEAR, CHANGE) (all,r, REG) CNTendw (r)

# Contribution to regional EV of changes in all ENDWCOW # ;

VARI ABLE (LI NEAR, CHANGE) (all,i, ENDW COMM (all,r, REG CNTendwir (i,r)

# Contribution to regional EV of changes in ENDWCOW i # ;

VARI ABLE (LI NEAR, CHANGE) (all,r, REG) CNTtechr(r)

# Contribution to regional EV of all technical change # ;

VAR ABLE (LI NEAR, CHANGE) (al |, r, REG) CNTtech_aor (r)

#Contrib to regional EV of output augnenting technical change# ;

VARI ABLE (LI NEAR, CHANGE) (all,i, PROD COMM (al |, r, REG)

CNTt ech_aoi r(i,r)

#Cont to reg EV of output augnenting tech change in TRAD COWM i # ;
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VARI ABLE (LI NEAR, CHANGE) (all,r, REG CNTtech afer(r)

#Contrib to reg EV of primary factor augnenting tech change # ;

VARI ABLE (LI NEAR, CHANGE) (all,i, ENDW COVM (al |, r, REG CNTtech afeir(i,r)

# Cont. to regional EV of primary factor i augmenting tech change# ;

VARI ABLE (LI NEAR, CHANGE) (all,j, PROD COW) (al |, r, REG CNTtech afejr(j,r)

#Cont to EV of primfactor augnmenting tech change in sector j # ;

VARI ABLE ( LI NEAR, CHANCE)

(all,i, ENDWCOW) (all,j, PROD COW (all,r, REG CNTtech_afeijr(i,j,r)

#Cont to EV of primary factor i augnenting tech change in sector j #

VARI ABLE (LI NEAR, CHANGE) (all,r, REG CNTtech_avar(r)

#Contrib to reg EV of value added augnenting tech change # ;

VARI ABLE (LI NEAR, CHANGE) (all,i, ENDWCOW (all,r, REG CNTtech_avair(i,r)

#Cont to EV of value added augnenting tech change for ENDWCOW i # ;

VARI ABLE (LI NEAR, CHANGE) (all,j,PROD COW (all,r, REG CNTtech_avajr(j,r)

# Cont. to EV of value added augnmenting tech change in sector j # ;

VARI ABLE ( LI NEAR, CHANCE)

(all,i, ENDWCOW (all,j,PROD_COM) (all,r, REG CNTtech_avaijr(i,j,r)

THEFTAPTABLO
CODE

347



#Cont. to EV of VA augnenting tech D for ENDWCOW i in sect j # ;

IDis used to represent change fromthis point onwards!

VARI ABLE (LI NEAR, CHANGE) (al |, r, REG) CNTtech_afr(r)

# Cont. to regional EV of comp. int. input augrenting tech change# ;

VARI ABLE (LI NEAR CHANGE) (all,j, PROD COMW) (all,r, REG CNTtech_afjr(j,r)

#Cont to EV of conp. int. input augnmenting tech change in sector | #;

VARI ABLE (LI NEAR, CHANGE) (all,i, TRAD COMM (all,r, REG CNTtech_afir(i,r)

# Cont. to EV of conposite int. i input augnenting tech change # ;

VARI ABLE (LI NEAR, CHANGE)

(all,i, TRAD COW) (all,j,PROD COW (all,r, REG CNTtech_afijr(i,j,r)

#Cont to EV of conposite int. i input augnenting tech Din sect j # ;

VARI ABLE (LI NEAR, CHANGE) (all,r, REG CNTtech_atrr(r)

#Contrib to regional EV of technical change in transportation # ;

VARI ABLE (LI NEAR, CHANGE) (all,i, TRAD COW) (all,r, REG CNTtech_atrir(i,r)

# Cont. to EV of technical change in transportation of TRAD COW i #;

VARI ABLE (LI NEAR, CHANGE) (all,s,REG (all,r, REG CNTtech_atrsr(s,r)

# Cont. to EV of technical change in transportation to DEST s # ;
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VARI ABLE ( LI NEAR, CHANGE)

(all,i, TRAD_COW (all,s, REG (all,r, REG CNTtech_atrisr(i,s,r)

#Cont. to EV of tech change in transpN of TRAD COMWM i to DEST s # ;

VARI ABLE (LI NEAR, CHANGE) (all,r, REG CNTkbr (r)

#Cont to EV of changes to beg. period cap stock and depreciation # ;

VARI ABLE (LI NEAR, CHANGE) (al |, r, REG CNT_MJ (r)

# Contribution to EV of marginal utility of income # ;

VARI ABLE (LI NEAR, CHANGE) (all,i, TRAD COMM) (all,r, REG CNT_MJr(i,r)

# Contribution to EV of marginal utility of income fromgood i # ;

VARI ABLE  (Change) (Al l ,i, TRAD_COW) (Al |, s, HOVE) (Al | , d, host) CNTror_hhi (i, s, d)

#Contr. of ror on foreign capital, by sector and host, to EV #

VARI ABLE (Change) (Al ,i, TRAD_COW) (Al l,s, HOME) CNTror_h_i (i, s)

#Contr. of ror on foreign capital, by sector, to EV #

VARI ABLE (Change) (Al ,i, TRAD_COW) (Al |, d, host) CNTror__hi (i, d)

#Contr. of ror on foreign owned capital, by sector, to EV #;

VARI ABLE (Change) (All,s, HOVE) (Al |, d, host) CNTror_hh_(s,d)
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#Contr. of ror on foreign capital, by host, to EV #

VARI ABLE (Change) (All,d, host) CNTror__h_(d)

#Contr. of ror on foreign owned capital to EV #;

VARI ABLE (Change) (All,s, HOVE) CNTror_h__(s)

#Contr. of ror on foreign capital to EV #;

VARI ABLE (Change) (All,i, TRAD_COW) (Al |, s, HOVE) (Al |, d, host) CNTcap_hhi (i, s, d)

#Contr. of foreign capital change, by sector and host, to EV #

VARI ABLE (Change) (All,i, TRAD_COW) (Al |, d, host) CNTcap__hi (i, d)

#Contr. of foreign owned capital change, by sector, to EV #

VAR ABLE (Change) (Al |, i, TRAD_ COMM (Al |, s, HOVE) CNTcap_h_i (i, s)

#Contr. of foreign capital change, by sector, to EV #

VARI ABLE (Change) (All,s, HOVE) (Al |, d, host) CNTcap_hh_(s, d)

#Contr. of foreign capital change, by host, to EV #

VARI ABLE (Change) (All,d, host) CNTcap__h_(d)

#Contr. of foreign owned capital change to EV #;

VARI ABLE (Change) (All,s, HOVE) CNTcap_h__(s)
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#Contr.

VARI ABLE

#Contr.

VARI ABLE

#Contr.

VARI ABLE

#Contr.

VARI ABLE

#Contr.

VARI ABLE

#Contr.

VARI ABLE

#Contr.

VARI ABLE

VARI ABLE

of foreign capital change to EV #;

(Change) (Al'l ,i, TRAD_ COW) (Al |, s, HOVE) (Al | , d, host) CNTpcap_hhi (i, s, d)

of foreign asset price, by sector and host, to EV #;

(Change) (Al'l ,i, TRAD_ COW) (Al I, d, host) CNTpcap__hi (i, d)

of donestic asset price, by sector, to EV #;

(Change) (Al'l ,i, TRAD_ COW) (Al I, s, HOVE) CNTpcap_h_i (i, s)

of foreign asset price, by sector, to EV #;

(Change) (Al'l, s, HOVE) (Al | , d, host) CNTpcap_hh_(s, d)

of foreign asset price, by host, to EV #;

(Change) (Al'l , d, host) CNTpcap__h_(d)

of donestic asset price to EV #

(Change) (Al'l, s, HOVE) CNTpcap_h__(s)

of foreign asset price to EV #

(Change) (Al'l , s, HOVE) check_EV_FDI (s);

(Change) (Al'l ,r, REG CNTanto_h_ (r)

#Contr to EV from abnornmal RoR arising from output inpediments#;
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VARI ABLE (Change) (All,r, REG CNTanqo_h_ (r)

#Contr of growth of capital to EV via output inpedinents#;

VARI ABLE (Change) (All,r, REG CNTanpo_h_ (r)

#Contr of asset price of capital to EV via output inpediments#;

VARI ABLE (Change) (All,i, TRAD COW (Al ,s, HOVE) (Al | , d, host) CNTanrr _hhi (i, s, d)

#Contribution to EV of abnormal conmponent of RoR by home, host and regi on#;

VARI ABLE (Change) (All,i, TRAD COW (Al'l,s, HOVE) (Al | , d, host) CNTanend_hhi (i, s, d)

#Abnormal contribution to EV of endownent growth by home, host and regi on#;

VARI ABLE (Change) (All,i, TRAD COW (Al ,s, HOVE) (Al | , d, host) CNTanpk_hhi (i, s, d)

#Abnormal contribution to EV of asset price of CAP by hone, host and regi on# ;

VARI ABLE (Change) (All,i, TRAD COW (Al'l,r, REG CNTqgfed_ i (i,r)

#Contr to EV of alloc eff fromdomestic cap allocation by industry#;

VARI ABLE (Change) (All,r, REG CNTqfed(r)

#Contr to EV of alloc eff fromdomestic cap all ocati on#;

VARI ABLE (Change) (All,i, TRAD COW (Al ,s, HOVE) (Al | , d, host) CNTqgfes_hhi (i, s, d)

#Contr to EV of all eff fromforeign cap allocation by industry, hone & host#;
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VARI ABLE (Change) (All,i, TRAD COW (Al |, d, host) CNTgfes__ hi (i, d)

#Contr to EV of all eff fromforeign cap allocation by industry & host#;

VARI ABLE (Change) (All, d, host) CNTgfes__h (d)

#Contr to EV of all eff fromforeign cap allocation by host#;

VARI ABLE (Change) (All,r, REG CNTanrr_h_ (r)

#Contribution to EV of abnormal conmponent of RoR by hone#;

VARI ABLE (Change) (All,r, REG CNTanend_h_ (r)

#Abnormal contribution to EV of endowrent growth by hone#;

VARI ABLE (Change) (All,r, REG CNTanpk_h__ (r)

#Abnormal contribution to EV of asset price of capital by hone#;

VAR ABLE (LI NEAR, CHANGE) (all,r, REG) check_ EV(r)

# Difference of EV and the sum of contributions: should be zero#;

VARI ABLE (Change) (Al ,i, TRAD COW) (Al l,s, HOVE) (Al | , d, host) anrrk_hhi(i,s,d)

#abnormal conmponent of RoR on FDI capital for welf deconp terns#;

VARI ABLE (Change) (All,i, TRAD COW) (Al'l,s, HOVE) (Al | , d, host) anrr_hhi (i, s, d)

#abnormal conponent of rate of return on FDI capital by home, host and ind #
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VARI ABLE (Change) (Al'l,i, TRAD COMW) (Al l,r, REG anrrd_h_i(i,r)

#abnormal conponent of rate of return on domestic capital by reg. and ind # ;

VARI ABLE (Change) (All,i,COM (AIl,s, SRC)(AI,j,1ND) alleff_csi(i,s,j);
VARI ABLE (Change) (All,i, ENDW COW) (Al l,j, | ND) alleff_ei(i,j);
VARI ABLE (Change) (All,j,IND) alleff_o(j);

VARI ABLE ( Change)

(All,c, TRAD COM) (Al l,i, FDI_COW) (Al |, r, FDI_DEST) falleffd_ ci(c,i,r);

VARI ABLE ( Change)

(All,c, TRAD COM) (Al l,i, FDI_COW) (Al |, r, FDI_DEST) falleffi_ci(c,i,r);

VARI ABLE ( Change)

(All,c, ENDW COW) (Al |, i, FDI_COMM (Al I, r, FDI _DEST) falleff ei(c,i,r);

VARI ABLE (Change) (Al ,i,FD _COW) (Al |, r, FDI _DEST) falleff_o(i,r);
VARI ABLE (Change) (Al |, r, FDI _DEST) falleff(r);

VARI ABLE (Change) (Al |, r, FDI _DEST) falleffd t(r);
VARI ABLE (Change) (All,r, FDI _DEST) falleffi_t(r);
VARI ABLE (Change) (All,r, FDI _DEST) falleff_ot(r);
VARI ABLE (Change) (Al |, r, FDI _DEST) falleff_et(r);
VARI ABLE (LI NEAR, CHANGE) (all,r, REG galleffr(r);

I Welfare deconposition for rentals from output inmpedinents. !

VARI ABLE
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(Change) (Al'l ,i, TRAD_ COW) (Al I, s, HOVE) (Al | , d, host) CNTanto_hhi (i, s, d)

#Contr to EV fromcontr of output inpedinent rents to abnormal RoR¥#;

(Change) (Al'l ,i, TRAD_ COW) (Al |, s, HOVE) (Al | , d, host) CNTanqo_hhi (i, s, d)

#Contr to EV of endowrent effect from output inpedinent rents#;

(Change) (Al'l ,i, TRAD COW) (Al l,s, HOVE) (Al |, d, host) CNTanpo_hhi (i, s, d)

#Contr to EV of asset price effect from output inpedinent rents#;

VARI ABLE (A'l,r,REG check_grdut(r);

VARI ABLE (A'l,r, REG check_grexp(r);

VARI ABLE (A'l,r,REG check_grsub(r);

VARI ABLE (A'l,r,REG check_grcon(r);

VARI ABLE (A'l,r, REG check_grgov(r);

VARI ABLE (A'l,r,REG check_grint(r);

VARI ABLE (A'l,r,REG check_grinv(r);

VARI ABLE (A'l,r, REG check_inctax(r);

VARI ABLE (A'l,r,REG check_captax(r);

VARI ABLE (A'l,r,REG check_capinc(r);

VARI ABLE (A'l,r, REG check_labtax(r);

VARI ABLE (A'l,r,REG check_qggdp(r);
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VARI ABLE (Al'l,r, REG check_vgdp(r);

VARI ABLE (A'l,r, REG check_pgdp(r);

VARI ABLE (Change) (Al ,i, FD _COW) (Al |, r, FDI _DEST) check_oct (i, r);

VAR ABLE (Al l,i,FDI_COMM (Al l,s, HOMVE) (Al |, d, FDI _DEST) see_foct (i, s, d)

#Ratio of foreign-owned ind total costs/(total costs-other costs) (CRUSCE)#;

VAR ABLE (AIl,i,FDI_COMM (Al l,r, FDI _DEST) see_doct (i,r)

#Rati o of domestic ind total costs/(total costs-other costs) (CRUSCE)#;

VARI ABLE (AIl,i, TRAD COM) (Al l,j,FDI_COMM (Al |, r, FDI _DEST) check_vdfa(i,j,r);

VARI ABLE (Al l,i, TRAD COMW) (Al l,j,FDI_COMM (Al |, r, FDI _DEST) check_vdfn(i,j,r);

VAR ABLE (Al l,i, TRAD COW) (Al l,j, FDI_COMM (Al |, r, FDI _DEST) check_vifa(i,j,r);

VARI ABLE (AIl,i, TRAD COM) (Al l,j,FDI _COMM (Al |, r, FDI _DEST) check vifn(i,j,r);

VARl ABLE (Al l,c, ENDW COW) (Al l,j,FDI_COMM (Al |, r, FDI _DEST) check_evfa(c,j,r);

VARI ABLE (Al'l,i,FD _COW (Al |, r, FDI _DEST) check_voa(i,r);

VARI ABLE (All,c, TRAD_ COW) (Al |l ,j,FDI_COW (Al I, r, FDI _DEST) check_vfa(c,j,r);

VARI ABLE (Al ,r, REG check_rc(r);
VARI ABLE (All,i, TRAD_ COW) (Al |, s, SOURCE) (Al I, d, DEST) check_qi sd(i, s, d);
VARI ABLE (All,i, TRAD COW) (Al |, s, SOURCE) (Al I, d, DEST) check_pisd(i, s, d);

VAR ABLE (Al l,i, TRAD COW) (Al |, 0, HOVE) (Al |, |, HOST) (Al | , d, DEST)

check_frt(i,o,1,d)

#Checki ng cal cul ation of freight margin for expanded trade natrices#,

VAR ABLE (Al l,i, TRAD COW) (Al |, d, DEST) check_pid(i,d) #Check pi d=pi m¥;

356 THE STRUCTURE OF
THE FTAPMODEL



I CRUSCE: a sinplified General Equilibrium Mdel adapted to GTAP data !

! Variables relating to comodity flows !

Vari abl e

I Basic Denands for commodities !

(All,c,COM (AI'l,s,SRC)(AIl,i,IND) x1(c,s,i) #Demands: | nternedi at e#,

I FTAP CHANGE: CRUSCE variable p0O will need an industry dinension as

CRUSCE set IND = FTAP set of FDI industries. The latter

set may include activities in nore than one region.

Therefore both the domestic and inported basic price of

a particular comodity may vary across

CRUSCE i ndustries = FTAP FDI industries.

(All,c,COM(Al,s, SRO (A ,i,|ND

pO(c,s,i) #basic price of compdity c, source s#;

I Powers of Commmpdity Taxes on Basic Flows !

(All,c,COM(Al,s, SRO(A,i,|ND
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t1l(c,s,i) #Power of Commodity Tax:|ntermedi at e#;
I Purchaser’s Prices !
(All,c,COM (Al,s,SRC (Al,i,IND) pl(c,s,i) #Purchasers Prices: Internedi ate#;

| |

! Variables for primary-factor flows, commodity supplies and inport duties !

| |

I Variables relating to usage of labour in industry i !

(Al'l,i,1ND) x1l ab(i) #Enpl oynent #;
(AlL,i,IND)(AI,I,LABOR) x1lab_s(i,|) #Enploynent by skill#;
(Al,i,IND pll ab(i) #Wage#;
(AIl,i,IND)(AI,I,LABOR) pllab_s(i,l) #wage by skill#;

I Variables relating to usage of fixed capital in industry i !

(AI'l,i,IND) xlcap(i) #Current Capital Stock#,

(AI'l,i,IND) plcap(i) #Rental Price of Capital#;

I Variables relating to usage of land !

(AIl,i,IND) x1lnd(i) #Use of Land#;

(All,i,IND plind(i) #Rental Price of Land#

I Variables relating to usage of natural resources !

(All,i,IND) xInr(i) #Use of natural resources#,

(Al'l,i,IND) plnr(i) #Rental Price of natural resources#;
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! Variables relating to "Qther Costs" !

! Represent other costs as a change in the ratio of total costs !

! including other costs to total costs excluding other costs !

| IR B |

(Al,i,IND) p_riloct(i)

#Rati o of other costs incl. to other cost excl. total costs#;

| IR B |

! Vari abl es describing conposite conmodities !

! Demands for inport/donmestic commbdity conposites !

(All,c,COM(AIl,i,IND) x1 s(c,i) #Quantity inp/dom conposite: |nternedi ate#,

! Effective Prices of inport/donmestic comodity conposites !

(All,c,COM(AIl,i,IND) pl_s(c,i) #Price inp/dom conposite: I|nternediate#;

! M scel | aneous vector vari abl es !
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[ |

Vari abl e

(A'l,i,IND) alprinm(i) #Al | Factor Augnenting Techni cal Change#;
(Al,i,IND) altot(i) #Al | | nput Augnenting Techni cal Change#;
(Al,i,IND) plprinm(i) #Effective Price of Primary Factor Conposite#;
(A'l,i,IND) pltot(i) #Aver age | nput/Qutput Price#;

(All,i,IND f _pltot(i) #Slack variable on zero pure profits condition#
(All,i,IND pltot_eo(i) #Average |nput/Qutput Price excluding other costs#;
(Al,i,IND) xlprinm(i) #Primary Factor Conposite#;

(Al,i,IND) xltot(i) #Activity Level or Val ue- Added#;

I T T |

I The BASE DATA are divided into four sections: base revenues /

expendi tures at agent’s prices, base revenues / expenditures at

mar ket prices, and base revenues /expenditures at world prices for

all tradeable commpdities, followed by the technol ogy and preference

paraneters. Since these are invariant for each solution of the nodel

they are termed coefficients. Coefficients are assigned upper case to
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di sti ngui

GEMPACK i

sh them fromvariables. (Again, this is purely cosneti

s not case sensitive.)

The updating command indi cates how the new | evel of the coeffici

be conmputed based on the previous Johansen solution. Note that t

used in the update conmands is a shorthand for total

coefficient values. Thus, w* v indicates that we want to take t

differential of W* V, plug in the cal cul ated values of w and v,

C, as

ent will

he notation

differentials of these

he total

and add

this to the base level in order to obtain a revised value for this product.

Finally, the technol ogy & preference paranmeters do not change at all and
SO require no update statenent.
I Y
|
! Base revenues and expenditures at agent’s prices !
I Y
CCEFFI CI ENT (GE 0)(all,i, ENDW COW) (al |, r, REG) EVOA(i, r)
! value of comodity i output in region r. !
UPDATE (al |, i, NONCAP_COMWM) (al | , r, REG)
EVOA(i,r) = ps(i,r) * qo(i,r) ;
UPDATE (all,i, ENDAC COMM (al |, r, REG)
EVOA(i,r) = ps(i,r) * kr(r) ;
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COEFFI CI ENT (GE 0)(all,i, ENDW COWM (al |, j, PROD_ COW) (al | , r, REG

EVFA(i,j,r)
I producer expenditure on i by industry j,
inregion r, valued at agent’'s prices ! ;
UPDATE (all,i, ENDWCOW) (all,j,PROD COW (all, r, REG

EVFA(i,j,r) = pfe(i,j,r) * qgfe(i,j,r) ;

COEFFI CI ENT (GE 0)(all,r, REG SAVE(r)

loriginal GTAP savings data!;

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

COEFFI CI ENT (GE 0)(all,i, TRAD_ COMM (al |, j, PROD_COW) (al | , r, REG)

VDFA(i ,j, 1)
I purchases of domestic i for use inj
inregionr ! ;
UPDATE (all,i, TRAD_COW) (all,j, PROD_ COW) (al |, r, REG

VDFA(i ,j,r) = pfd(i,j,r) * qgfd(i,j,r)

COEFFI CI ENT (GE 0)(all,i, TRAD_ COMM (al |, j, PROD_ COW) (al | , r, REG)

VIFAG ,j,T)

I purchases of inported i r for use in j

inregionr ! ;

UPDATE (al |, i, TRAD_COW) (al |, j, PROD_COW) (al | , r, REG)

VIFA(i,j,r) = ptnCi,j,r) = afm(i,j,r) ;
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COEFFI Cl ENT (GE 0)(all,i, TRAD_ COW) (al | , r, REG) VDPA(i , 1)

! private househol d expenditure on donestic i inr !

UPDATE (al |, i, TRAD_ COW) (al | , r, REG)

VDPA(i,r) = ppd(i,r) * gpd(i,r)

COEFFI CI ENT (GE 0)(all,i, TRAD_COMM (al |, r, REQ) VI PACi , 1)

! private househol d expenditure on inported i !

UPDATE (al |, i, TRAD_ COW) (al | , r, REG)

VIPA(i,r) = ppn(i,r) * qgpn(i,r)

COEFFI CI ENT (GE 0)(all,i, TRAD_COMM (al |, r, REQ) VDGA(i , 1)

I governnent househol d expenditure on donestic i inr ! ;

UPDATE (al | ,i, TRAD COW) (al |, r, REG)

VDGA(i,r) = pgd(i,r) * qgd(i,r) ;

COEFFI Cl ENT (GE 0)(all,i, TRAD COW) (al | , r, REG) VI GA(i , r)

I governnent househol d expenditure on inported i ! ;

UPDATE (al |, i, TRAD_ COW) (al | , r, REG)

VIGA(i, 1) = pgn(i,r) * qgn(i,r)

! Base revenues and expenditures at market prices !
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[ |

COEFFI CI ENT (GE 0)(all,i, TRAD COMM (all,r, SOURCE) (al |, s, DEST) VXMXi,r,s)
I exports of commodity i fromregionr to
destination s valued at nmarket prices
(tradeables only) ! ;
UPDATE (al|,i, TRAD_ COW) (al |, r, REG (al | , s, REQ

VXMD(i,r,s) = pxs(i,r,s) * gxs(i,r,s)

COEFFI CI ENT (GE 0)(all,i, TRAD_ COMM (al |, r, REG) VST(i,r)
I exports of commpbdity i fromregion r for
international transportation valued at market prices
(tradeables only) ! ;

UPDATE (all,i, TRAD COW (all,r, REG VST(i,r) = pst(i,r) * gst(i,r)

COEFFI CI ENT (GE Q) (all,i, ENDWCOW) (all,j,PROD COMW (all,r, REG VFMi,j,r)
I producer expenditure on i by industry j,
inregion r, valued at market prices ! ;
UPDATE (all,i, ENDW COWMM (al |, j, PROD_ COW) (al |, r, REG
VEMi,j,r) = pm(i,r) * gfe(i,j,r)
UPDATE (all,i, ENDMC_COWMM (al |, j, TRAD COMW) (al |, r, REG
VEMii L j,r) =rp(j.r) * afe(i,j,r) ;
UPDATE (all,i, ENDWs_COW) (al |, j, PROD_COMW) (al |, r, REG

VFMi,j,r) = prmes(i,j,r) * qofe(i,j,r) ;
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COEFFI Cl ENT (GE 0)(all,i, TRAD COW) (al | ,j, PROD_COM) (al | , r, REG)

VIFMi,j,r)

! purchases of inports i for use inj inregionr ! ;

UPDATE (al |, i, TRAD_COMM (al |, j , PROD_COW) (al | , r, REG)

VIFMi,j,r) = pid(i,r) * qfmii,j,r) ;

COEFFI Cl ENT (GE 0)(all,i, TRAD COW) (al |, j, PROD_COM) (al | , r, REG)

VDFMi ,j,r)

! purchases of domestic i for use inj inregionr ! ;

UPDATE (al |, i, TRAD_COMM (al |, j , PROD_COW) (al |, r, REG)

VDFMi,j,r) = pds(i,r) * qfd(i,j,r) ;

COEFFI CI ENT (GE 0) (all,i, TRAD_ COW) (all,r, REG VIPMi,r)
! private househol d expenditure oni inr ! ;
UPDATE (all,i, TRAD_ COW (al |, r, REG

VIPMi,r)= pid(i,r) * qpn(i,r)

CCEFFI CI ENT (GE 0)(all,i, TRAD_ COMM (al |, r, REG) VDPM(i , 1)
! private househol d expenditure on domestic i inr !
UPDATE (all,i, TRAD COW) (al |, r, REG

VDPMi,r) = pds(i,r) * gpd(i,r) :

COEFFI CI ENT (GE 0)(all,i, TRAD_COMM (al |, r, REQ) VIGMi, )
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I gov't household expenditure oni inr ! ;

UPDATE (al | ,i, TRAD_COW) (al | , r, REG)

VIGWi,r) = pid(i,r) * qgn(i,r) ;

COEFFI CI ENT (GE 0)(all,i, TRAD_COW) (al |, r, REG VDGM(i, 1)
I governnent househol d expenditure on domestic i inr ! ;
UPDATE (all,i, TRAD_ COW) (al |, r, REQ

VDGMi,r) = pds(i,r) * qgd(i,r)

COEFFI CI ENT (GE 0)(all,i, TRAD. COM) (all,r,REG) (all,s, REG VIMS(i,r,s)

I inmports of commpbdity i fromregionr to s, valued

at donestic nmarket prices ! ;

UPDATE (al |, i, TRAD._COMM (al |, r, REG) (al | , s, REG)

VIMS(i,r,s) = pns(i,r,s) * gxs(i,r,s)

! FDI  nodul e: COEFFI CI ENT for reading Data in !

I T |

COEFFI CI ENT (all,r, REG ASBDR(r) # net ownership of bonds, by reg #;

COEFFI CI ENT (Al l,i, TRAD COM) (Al |, s, REG) (Al |, d, REG) EVI FMB(i | s, d)

#Mar ket val ue of foreign capital by home region and industry#;
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UPDATE (Al l,i, TRAD_ COMW) (Al |, s, hone) (Al I, d, host)

EVI FMS(i, s,d)=rps(i,s,d)*qgfes(i,s,d);

COEFFI CIENT (Al l, i, TRAD_COMM) (Al |, s, hone) (Al , d, host) EVI FAS(i , s, d)

#agents’ value of foreign capital by hone regi on and i ndustry#;

UPDATE (Al l,i, TRAD COW) (Al l, s, home) (Al 1, d, host)

EVI FAS(i, s, d) =pfesa(i,s,d)*qgfes(i,s,d);

COEFFI CIENT (Al l, i, TRAD_COMM) (Al |, s, hone) (Al |, d, host) VFDI _HHI (i, s, d)

#Asset value of FDI stock in each industry and host region#;

UPDATE (Al l,s, hone) (Al l,d, host)(All,i, TRAD COW)

VFDI _HHI (i, s, d)=pcgds(d)*k_hhi (i,s,d);

COEFFI CIENT (Al |, i, TRAD_COW) (Al |, s, hore) VKD(i , s)

#Asset val ue of domestic capital stock by industry#;

UPDATE (All,s, hone)(All,i, TRAD COW VKD(i, s)=pcgds(s)*kd_h_i(i,s);

COEFFI CIENT (Al l, i, TRAD_ COMM (Al |, r, REG) DEPRI ND(i , 1)

#l ndustry specific depreciation rate#;

COEFFI CIENT (Al l, s, hone) (Al l, i, TRAD_COMM) VKD _H I (i, s)

#Petri asset value of donestic capital by industry and hone regi on#;

UPDATE (Al l,s, hone) (Al l,i, TRAD COMM) VKD H_ I (i,s)=r_rrd_h_i(i,s)*kd_h_i(i,s);
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COEFFI CIENT (Al l, s, home) (Al l, d, host) (Al l, i, TRAD_COW) VK_HHI (i, s, d)

#Petri asset value of capital by industry and hone regi on#,

UPDATE (Al l,s, hone) (Al l,d, host) (All,i, TRAD COW)

VK_HHI (i,s,d)=r_rr_hhi(i,s,d)*k_hhi(i,s,d);

COEFFI CIENT (Al l, s, hone) VBR(s)

#Petri asset value of private bonds#;

UPDATE (All, s, hone) VBR(s)=r _rbr(s)*gbr(s);

COEFFI CIENT (Al l, s, hone) VLAND( s)

#Petri asset val ue of |and#;

UPDATE (All, s, hone) VLAND(s)=r_rr_land(s)*nt(s);

CCEFFICIENT (Al |, s, hone) VNATRES( s)

#Petri asset value of natural resources#;

UPDATE (Al'l, s, hone) VNATRES(s)=r_rr_natres(s)*nru(s);

COEFFI CIENT (Al l, s, home) KTRA_H__(s)

#Transformati on el asticity between bonds, capital and | and#;

COEFFI CIENT (Al l,s, hone) (Al |, i, TRAD_COMM KTRA H I (i,s)

#CRETH transformati on paranmeter for capital allocation by industry#;

COEFFICIENT (Al l,s, hone) (Al I, i, TRAD_COMM KTRAD H_I (i, s)
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#CRETH transfornati on paranmeter for donestic capital in each industry#;

COEFFI CIENT (Al l, s, hone) (Al l, i, TRAD_COMM) KTRAF_H_ I (i, s)

#CRETH transfornation paranmeter for foreign capital in each industry#,

COEFFI CIENT (Al l, s, home) (Al l,d, host) (All,i, TRAD COW) KTRA HHI (i, s, d)

#CRETH trans. par. for host region allocation of cap. by ind. and honme# ;

COEFFI CIENT (Al l, s, hone) RR_LAND( s)

#Rate of return on | and#;

UPDATE (change) (All,s, hone) RR _LAND(s)=c_rr_land(s)/100;

COEFFI CIENT (Al l, s, hone) RR_NATRES( s)

#Rate of return on natural resources#;

UPDATE (change) (Al'l, s, hone) RR_NATRES(s)=c_rr_natres(s)/100;

COEFFI Cl ENT SKSUB1

#Rati o of domestic/foreign cap. subst. elas. to primary factor subst. elas.#

COEFFI Cl ENT SKSUB2

#Ratio of foreign cap. by source subst. elas. to dom/for. cap. subst. elas.#

COEFFI Cl ENT RTBD

# world real bond rate #;

UPDATE (CHANGE) RTBD = rb/ 100;
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COEFFI Cl ENT RCLGPRSM

# change in rate of growth in real household incone, by region #;

COEFFI Cl ENT LGPRSM

# length of sinulation period #;

COEFFI CI ENT (al |, r, REG) URGVHHR( 1)

# transfers fromgovernnent to private hholds, by region #;

UPDATE (CHANGE) (all,r, REG URGVHHR(r) = [URGVHHR(r)*ughr(r) + d_ughr_(r)]/100;

COEFFI CI ENT (all, r, REG GTYCHHRLR( 1)

# rate of growh in real household inconme, by region (per year) #;

UPDATE (CHANGE) (all,r, REG GTYCHHRLR(r)=RCLGPRSMr(yhdr(r) - ppriv(r))/100.0;

COEFFI CI ENT (al |, r, REG) GTYCGVRLR(r)

# rate of growh in real governnent receipts, by region (per year) #

UPDATE (CHANGE) (all,r, REG GTYCGVRLR(r) = RCLGPRSMt(rgr(r) - pgov(r))/100.0;

COEFFI CI ENT (all, r, REG CEAJRTKPR( 1)

# coefficient of adjustnment in returns to capital #;

COEFFI CI ENT  ( PARAMETER) (al |, r, REG) EL_ERCRK_K_R(r)
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# el as of expec ROR on capital wt capital stock, by region #

1 ***TH S ELASTICI TY WLL HAVE TO BE RE- ESTI MATED I N GTAP***1

COEFFI CI ENT (al |, r, REG GTSSKPR( 1)

# steady-state rate of growth in real capital stock #;

COEFFI Cl ENT (GE 0)(all, r, REG RVTXYCLBR(r)

# tax on | abour incone, by region #;

UPDATE (all,r, REG RVTXYCLBR(r) = rtylr(r);

COEFFI CI ENT (al |, r, REG) RVTXYCPPR( )

# tax on property incone, by region #

UPDATE (all,r, REG RVTXYCPPR(r) = rtypr(r);

COEFFI CI ENT (al |, r, REG RCGVR(r)

# governnent receipts, by region #;

COEFFI ClI ENT (al |, r, REG YCHHDPR( r )

# private househol d di sposabl e inconme, by region #;

COEFFI ClI ENT (al |, r, REG RCGVI TR(r)

# net interest receipts of governments, by region #

UPDATE (CHANGE) (all,r, REG RCGVI TR(r)

= (RCGVITR(r)*rgr(r) + RCGVR(r)*qgrgir(r))/100.0;
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COEFFI CI ENT (al |, r, REG) YCHHI TR(1)

# net interest incone of households, by region #;

UPDATE (CHANGE) (all,r, REG YCHH TR(r)

= (YCHHI TR(r) *yhdr (r) + YCHHDPR(r)*qyhir(r))/100.0;

[ |

! Base revenues and expenditures at world prices !

[ |

COEFFI CI ENT (GE 0)(all,i, TRAD COW) (al |, r, REG (al |, s, REG VXW(i,r,s)

I exports of commodity i fromregionr to

destination s valued fob (tradeables only) ! ;

UPDATE (al |, i, TRAD_COW) (al |, r, REG) (al | , s, REG)

VXWD(i,r,s) = pfob(i,r,s) * gxs(i,r,s) ;

COEFFI CI ENT (GE 0)(all,i, TRAD COW) (al |, r, REG (all,s, REG VIWS(i,r,s)

I inmports of commodity i fromregionr to s, valued

cif (tradeables only) ! ;

UPDATE (al |, i, TRAD_COWM) (al |, r, REG) (al | , s, REG)

VIWS(i,r,s) = pcif(i,r,s) * gxs(i,r,s) ;

! FTAP: Deconposition of Trade Fl ows !
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IR B R |

COEFFI Cl ENT

(all,i, TRAD_ COW) (al | , h, HOVE) (al | , s, REG) (al | , d, REG) VXMD_D(i , h, s, d)

I Tax-excl usive export values of comodity i, produced from capital owned

by HOME country h, and the capital is located in host region s, exporting to

destination region d ! ;

UPDATE (Al |, i, TRAD_COMM (Al |, 0, HOME) (Al |, s, SOURCE) (Al | , d, DEST)

VXMD_IXi, 0, s, d)=pxh(i,o,s)*gxhd(i,o,s,d);

COEFFI Cl ENT
(all,i, TRAD_ COW) (al |, h, HOME) (al | , s, REG (al |, d, REG VWD i, h,s,d)
! FOB export values of conmmodity i, produced from capital owned by HOVE

country h, and the capital is located in host region s, exporting to

destination region d. This is valued at world price but not

including transport costs ! ;

UPDATE (Al |, i, TRAD_COMM) (Al |, 0, HOME) (Al |, s, SOURCE) (Al | , d, DEST)

VWD i, o0,s,d)=pxhd(i,o,s,d)*qgxhd(i,o,s,d);

COEFFI Cl ENT
(all,i, TRAD_ COW) (al |, h, HOME) (al | , s, REG (al |, d, REG VIWS i, h,s,d)
! CIF inport values of conmmodity i, produced from capital owned by HOVE

region h, and the capital is located in HOST country s, inports by

destination region d ! ;
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UPDATE (Al l,i, TRAD_ COW) (Al |, 0, HOVE) (Al | , s, SOURCE) (Al | , d, DEST)

VIWS i,o,s,d)=pihldwi, o,s,d)*qgxhd(i,o,s,d);

COEFFI Cl ENT
(all,i, TRAD_ COW (al |, h, HOVE) (al | , s, REG) (al |, d, REG VIMS_ i, h, s, d)
I Duty-inclusive inport values of commdity i, produced from capital

owned by HOME region h, and the capital is located in HOST country s,

i nports by destination region d !

UPDATE (Al l,i, TRAD_ COW) (Al |, 0, HOVE) (Al |, s, SOURCE) (Al | , d, DEST)

VIMS_Xi,o,s,d)=pihld(i,o,s,d)*gxhd(i,o,s,d);

COEFFI Cl ENT
(GE 0)(all,i, TRAD. COW (all,s, REG (all, d, REG VXMD_DIXi , s, d)
I Tax-exclusive export values of comodity i, produced from capital owned

by HOME country s, and the capital is located in host region s, exporting to

destination region d !;

UPDATE (Al |, i, TRAD_COWM) (Al | , s, SOURCE) (Al | , d, DEST)

VXMD_DIX i, s, d) =pxd(i,s)*qgxdd(i,s,d);

COEFFI Cl ENT
(GE 0)(all,i, TRAD. COW (all,s, REG (all, d, REG VXWD_DIX i, s, d)
I FOB export values of commodity i, produced from capital owned by HOVE

country s, and the capital is located in host region s, exporting to

destination region d. This is valued at world price but not
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including transport costs ! ;

UPDATE (Al l,i, TRAD COMV) (Al |, s, SOURCE) (Al |, d, DEST)

VXWD_DDXi, s, d) =pxdd(i,s,d)*gxdd(i,s,d);

COEFFI Cl ENT
(GE O)(all,i, TRAD COW (all,s, REG (al |, d, REG VIWS_DDXi, s, d)
! CIF inport values of conmmodity i, produced from capital owned by HOVE

region s, and the capital is located in HOST country s, inports by

destination region d ! ;

UPDATE (Al l,i, TRAD COW) (Al | ,s, SOURCE) (Al | , d, DEST)

VIWS_DD(i , s, d) =pi | dw(i, s, d)*qxdd(i, s, d);

COEFFI Cl ENT
(GE 0)(all,i, TRAD COW) (all,s, REG) (al |, d, REG VI MS_DIXi, s, d)
! Duty-inclusive inport values of commodity i, produced from capital

owned by HOVE region s, and the capital is located in HOST country s,

imports by destination region d !;

UPDATE (Al l,i, TRAD COW) (Al | s, SOURCE) (Al | , d, DEST)

VIMS_DD(i,s,d)=pild(i,s,d)*gxdd(i,s,d);

COEFFI Cl ENT

(all,i, TRAD_ COW (all, o, HOE) (al |, r, REG VHST(i,o0,r)

! commpdity i owned by region o, exported fromregion r for international

transportation valued at market prices (tradeables only) !;
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UPDATE (Al |, i, TRAD COMM (Al | , 0, HOVE) (Al |, r, REG)

VHST(i, 0, r)=poh(i,o,r)*ghst(i,o,r);

COEFFI Cl ENT

(all,i, TRAD COW) (al |, r, REG) VDST(i , 1)

I conmmodity i owned by region r, exported fromregion r for international

transportation valued at market prices (tradeables only) !;

UPDATE (Al |, i, TRAD_COW) (Al |, r, REG)

VDST(i,r)=pod(i,r)*qdst(i,r);

! Regi onal income, utility and pop for calculating EV !

[ |

COEFFI Cl ENT ( PARAMETER) (al |, r, REG) I NC(r)

! initial equilibriumregional expenditure data

INC is set equal to I NCOVE and does not change

during a sinulation ! ;

COEFFI CI ENT (al |, r, REG) URATI O(r)

! Ratio of U(r), the per capita utility, toits

presi mul ati on value ! ;

FORMULA (Initial)(all,r, REG URATI (1)

1]
[EnY

UPDATE (all,r, REG) URATI O(r)

u(r);
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COEFFI Cl ENT (al |, r, REG POPRATI (1)
! Ratio of POP(r), population in regionr, toits presimulation value ! ;

FORMULA (Initial)(all,r, REQ POPRATI O(r) = 1,

UPDATE (all,r, REG POPRATI O(r) = pop(r);

IR B |

! technol ogy and preference paraneters !

IR B |

COEFFI CI ENT (all,i, TRAD_COW) (all,r, REG SUBPAR(i , r)
! the substitution paraneter in the CDE

m ni mum expendi ture function ! ;

COEFFI CI ENT (all,i, TRAD_COW) (al |, r, REG I NCPAR(i , 1)
I expansion paraneter in the CDE ni ni num expenditure

function ! ;

CCEFFI CI ENT (all,i, TRAD_COW) ESUBD( i )
! the elasticity of substitution between donestic and
i mported goods in the Arm ngton aggregation structure

for all agents in all regions. ! ;

COEFFI CI ENT (al |, i, TRAD_COWM) ESUBM i )
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COEFFI Cl ENT

COEFFI Cl ENT

COEFFI Cl ENT

COEFFI Cl ENT

the elasticity of substitution anong inports from

different destinations in the Arm ngton aggregation

structure of all agents in all regions. !;

(all,j, PROD_ COW ESUBVA(] )

elasticity of substitution between capital, |abor, and

possibly land, in the production of value-added inj !;

(all,i, ENDW COW ETRAE( ) ;

ETRAE is the elasticity of transformation for sluggish

primary factor endownents. It is non-positive,

by definition. !

(all, r, REG RORFLEX(r)

RORFLEX is the flexibility of expected net rate

of return on capital stock, in regionr, with

respect to investnent. If a region’s capital stock

increases by 1% then it is expected that the net

rate of return on capital wll decline by

RORFLEX % !

RORDELTA

RORDELTA is a binary coefficient which determ nes

t he nechani sm of allocating investment funds across
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regi ons. Wen RORDELTA = 1, investnent funds are

al | ocated across regions to equate the change in the

expected rates of return (i.e., rore(r)).

When RORDELTA = 0, investnent funds are allocated

across regions to maintain the existing conposition of

capital stocks !;

COEFFI CI ENT (al |, j, PROD_COW) ESUBT(j )

I elasticity of substitution anong conposite internediate

inputs in production. !;

COEFFI Cl ENT ETECH #El asticity of industry productivity wt output#;

Readi ng nodel paraneters and basedat a.

L |

Note that this basedata set will be updated to the new equilibrium !

based on the appropriate update statements. !

Make sure I

DO NOT ENTER ANY READ STATEMENTS BETWEEN SUBPAR AND PREVI QUS SLUG !
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[ |

READ SUBPAR  FROM FI LE GTAPPARM ;

READ | NCPAR  FROM FI LE GTAPPARM ;

READ ESUBD FROM FI LE GTAPPARM ;

READ ESUBM FROM FI LE GTAPPARM ;

READ ESUBVA  FROM FI LE GTAPPARM ;

READ ETRAE FROM FI LE GTAPPARM ;

READ RORFLEX FROM FI LE GITAPPARM ;

READ RORDELTA FROM FI LE GTAPPARM ;

READ ESUBT FROM FI LE GTAPPARM ;

READ ETECH FROM FI LE GTAPPARM ;

READ

URGVHHR FROM FI LE GTAPDATA HEADER "CMD1";
YCHH TR FROM FI LE GTAPDATA HEADER "CMD3";
RCGVI TR FROM FI LE GTAPDATA HEADER " CMD4";
RVTXYCLBR FROM FI LE GTAPDATA HEADER " CMD5";
RVTXYCPPR FROM FI LE GTAPDATA HEADER " CMD6";
READ RTBD FROM FI LE GTAPDATA HEADER "CMD7";
GI'YCHHRLR FROM FI LE GTAPDATA HEADER " CMD9";
LGPRSM FROM FI LE GTAPDATA HEADER " CMLO";
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GTYCGVRLR

CEAJRTKPR

EL_ERCRK K R

GTSSKPR

EVOA

EVFA

VI FA

VDFA

VI PA

VDPA

VI GA

VDGA

SAVE

VST

VFM

FROM FI LE

FROM FI LE

FROM FI LE

FROM FI LE

FROM FI LE

FROM FI LE

FROM FI LE

FROM FI LE

FROM FI LE

FROM FI LE

FROM FI LE

FROM FI LE

VI FM FROM FI LE

VDFM FROM FI LE

VI PM FROM FI LE

VDPM FROM FI LE

VI GM FROM FI LE

VDGM FROM FI LE

VI M5

FROM FI LE

FROM FI LE

FROM FI LE

FROM FI LE

FROM FI LE

GTAPDATA

GTAPDATA

GTAPDATA

GTAPDATA

GTAPDATA

GTAPDATA

GTAPDATA

GTAPDATA

GTAPDATA

GTAPDATA

GTAPDATA

GTAPDATA

GIAPDATA

GIAPDATA

GTAPDATA

GIAPDATA

GIAPDATA

GTAPDATA

GTAPDATA

GTAPDATA

GTAPDATA

GTAPDATA

GTAPDATA

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

"EVOA"

"EVFA"

"VI FA"

"VDFA"

"VI PA"

"VDPA"

"VIGA

"VDGA"

" SAVE" ;

"VXMD'

"VST'

"VEM'

"VIFM'

"VDFM'

"VI PM'

"VDPM'

"VIGV

"VDGM' ;

"VI VB

"CML",

"oML2"

"OML3" :

" OMLA" ;
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VWD FROM FI LE GTAPDATA HEADER " VXWD'

VIWS FROM FI LE GTAPDATA HEADER "VIWS" ;

| FTAP -

READ VXVMD_ D FROM FI LE

Extra data. !

gt apdat a HEADER " XMD'

FROM FI LE gt apdat a HEADER " XMDD' ;

FROM FI LE gt apdata HEADER " XWD' ;

FROM FI LE gt apdat a HEADER " XWDD' ;

FROM FI LE gt apdata HEADER "I WD' ;

FROM FI LE gt apdat a HEADER " | WDD" ;

FROM FI LE gt apdata HEADER "I MD' ;

FROM FI LE gt apdat a HEADER "I MDD" ;

FROM FI LE GTAPDATA HEADER " VDST" ;

FROM FI LE GTAPDATA HEADER " VHST" ;

READ VXNVD_DD
READ VXWD_D

READ VXWD_DD

READ VI W6 _D

READ VI W5 DD

READ VI M5_D

READ VI M5_DD

READ VDST

READ VHST

READ EVIFMS  FROM FI LE
READ EVI FAS  FROM FI LE
READ VFDI _HHI FROM FI LE
READ VKD FROM FI LE
READ DEPRIND  FROM FI LE
READ VK_HHI FROM FI LE
READ VKD H |  FROM FI LE
READ VBR FROM FI LE
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fdi _file HEADER

fdi _file HEADER

fdi _file HEADER

fdi_file HEADER

fdi _file HEADER

fdi _file HEADER

fdi_file HEADER

fdi_file HEADER

" EVAS"

“VEDI "

" VKD"

" DEPR"

"KHH "

"KD'

"\/BR"



READ

READ

READ

READ

IR

VLAND FROM FI LE

VNATRES FROM FI LE

SKSUB1 FROM FI LE

SKSUB2 FROM FI LE

KTRA H _ FROM FI LE

KTRA H | FROM FILE

KTRAD_H | FROM FI LE

KTRAF_H | FROM FI LE

KTRA_HHI  FROM FI LE

RR_LAND FROM FI LE

RR_NATRES FROM FI LE

fdi _file
fdi file
fdi _file
fdi _file
fdi file
fdi _file
fdi _file
fdi file
fdi _file
fdi _file
fdi file

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

HEADER

" VLND"

" VNR'

" SKS1"

" SKS2"

"TH "

"TH "

"D

" TE"

"THH "

" RRLN'

" RRNR"

! DERI VATI VES OF THE BASE DATA i ncl ude conputations of househol d i ncone,

I budget shares,

I Johansen sol ution,

and elasticities.

Since these are constant for each

they are terned coefficients.
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CCEFFICIENT (all,r, REG YCR(r) # nom nal inconme, by region #

COEFFI CIENT (All,r, REG CHECK YCR(r) # Checking that income = expenditure#

COEFFI CIENT (all,r, REG YCI TR(r) # net interest income, by region #;

COEFFI CI ENT (al |, r, REG) TCHHI TR(r)

# revenue fromincone taxes on net interest incone of househol ds#;

COEFFI CI ENT (GE 0)(all, r, REG TDEP(r)

#Revenue fromincone taxes on depreciation#;

I Move definition and formula for VOM for endowrents from bel ow !

COEFFI CI ENT (al |, i, TRAD_ COM) (al | , r, REG) VDMi , 1)

I donestic sales of commodity i in region r valued at nmarket prices

(tradeables only) ! ;

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

VDMi,r) = VDPMi,r) + VDGMi,r) + sun(j, PROD_COWM VDFMi,j,r)) ;

COEFFI CI ENT (al |, i, DEMD_ COM) (al | ,j, PROD_ COM) (al | ,r, REG VFA(i,j,r)

I producer expenditure on i by industry j, in regionr,

val ued at agent’s prices ! ;

FORMULA (al |, i, ENDW.COMV (al | ,j, PROD_COMM (al |, r, REG)

VFA(i ,j,r) = EVFA(I ,j,r) ;
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FORMULA (all,i, TRAD_ COW) (al |, j, PROD_COMM (al | , s, REG)

VFA(i,j,s) = VDFA(i,j,s) + VIFA(i,j,s)

COEFFI CI ENT (all, i, NSAV_COW) (al | , r, REG VOA(i , 1)

! value of comodity i output in regionr. !

FORMULA (all,i, ENDW COW) (all,r, REG VQA(i,r) = EVOA(i,r);

FORMULA (all,i, PROD_ COW) (all,r, REG)

VOA(i, r) = sun(j, DEMD COM VFA(j,i,r));

COEFFI CI ENT (all, i, NSAV_COW) (al |, r, REG VOM(i , 1)

! value of comodity i output in regionr. !

FORMULA (all,i, ENDW COW) (al |, r, REG

VOMi,r) = sum(j, PROD_COW VFMi,j,r)) ;

FORMULA (all,i, TRAD COMW) (al | , r, REG)

VOMi,r) = VDMi,r) + sum(s, REG VXMD(i,r,s))

+ VST(i,r) ;

FORMULA (al |, h, CGDS_COW) (al | , r, REG)

VOM h, r) = VOA(h,r) :

COEFFI C ENT (al |, r, REG) TOTLAB(r)

#total |abour earnings in reg r#

FORMULA (all,r,REG TOTLAB(r) = sunm(l,LABOR, VOMI, r));

COEFFI CI ENT (al |, |, LABOR) (al |, r, REG) LABSHR(1 , 1)
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#share of labour | in total |lab earnings in region r#

FORMULA (al |, |, LABOR) (al |, r, REG)

LABSHR(I,r) = VOMI,r) / TOTLAB(r);

FORMULA (INITIAL) (all,l,LABOR)(all,r, REG)

EVOA(l,r) = EVOA(l,r) - IF[FIRST>0.5, (RVTXYCLBR(r) * LABSHR(I,r))];

(Initial)(all,r, REG

RVTXYCLBR(r) =I F{ FI RST1>0. 5, sunf | , LABOR, VOM(| , r) - EVOA(l ,r)]}+

I F{FIRST1 | e 0.5, RVTXYCLBR(r)};

COEFFI CI ENT (GE 0)(all,i, TRAD COW) (al |, r, REG) VKBI (i, )

# value of capital, by region and industry #;

FORMULA ! Calculate industry capital stock !

(AIl,j, TRAD COW) (Al |, r, REG)

VKBI (j, r)=VKD(j, r)+sunis, home, VFDI _HHI (j,s,r)];

COEFFI CI ENT (GE 0)(all, r, REG VKB( 1)

I val ue of beginning-of-period capital stock, in regionr ! ;

FORMULA ! Calcul ate regional capital stock !

(all, r, REG VKB(r) = sunij, TRAD_ COW VKBI (j,r)];

COEFFI CIENT (GE 0)(all, r, REG VKT(r)

#Asset val ue of capital owned by region r#;
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FORMULA (all,r, REG VKT(r) = VKB(r)+

sun{i, TRAD_COWM

sunf !, HOST, VFDI _HHI (i, r,1)]-sun{s, HOVE, VFDI _HHI (i,s,r)]];

COEFFI CI ENT (GE 0)(all, r, REQ VDEP(r)

! value of capital depreciation, in r (depreciation

rate i s exogenous and therefore does not appear in update) ! ;

FORMULA ! Cal cul ate val ue of depreciation for the region !

(Al'l,r,REG VDEP(r)=sunij, TRAD COMM DEPRI ND(j, r)*VKBI (j,r)];

COEFFICIENT (Al l, r, REQ) DEPRREG( 1)

#Regi onal depreci ation rate#;

FORMULA ! Cal cul ate regional depreciation rate !

(all, r, REG DEPRREG(r) = VDEP(r)/VKB(r);

COEFFI CI ENT (all, i, ENDW.COW) (al | ,j, PROD_COW) (al | , r, REG) ETAX(i,j, 1)

# Tax on use of endowrent good i in industry j inregionr # ;

FORMULA ! Cal cul ate abnormal returns to capital !

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

ETAX(i,j,r) = EVFA(i,j,r) - VFMi,j,r) ;

! Cal cul ate market val ues of donestic and inported capital !
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COEFFICIENT (All,i, TRAD_ COW) (Al |, r, REG EVIFMi, 1)

#Mar ket val ue of foreign capital by industry#;

FORMULA (Al l,i, TRAD COW) (Al |, d, home) EVI FMi, d)=sun(s, home, EVI FMS(i , s, d));

COEFFICIENT (Al l, i, TRAD COW) (Al |, r, REG) EVDFM(i , 1)

#Mar ket val ue of donmestic capital by industry#,

FORMULA (Al l,i, TRAD COW) (Al |, r, REG

EVDFM(i , r) =suni k, ENDAC_COMM VFM K, i ,1)]-EVI FMi, r);

I Calcul ate agents’ val ues of domestic and inported capital !

COEFFI CIENT (Al l,i, TRAD COMM (Al |, r, REG) EVI FA(i , 1)

#agents’ value of foreign capital by industry#,

FORVULA (Al l,i, TRAD COW) (Al |, d, hore)

EVI FA(i, d) =sun{s, hore, EVI FAS(i, s, d));

COEFFI CIENT (Al l, i, TRAD_ COW) (Al |, r, REG) EVDFA(i , 1)

#agents’ value of domestic capital by industry#;

FORMULA (Al l,i, TRAD COW) (Al |, r, REG

EVDFA(i , r) =suni k, ENDWC_COMM EVFA(K, i, r)]-EVIFA(i,r);

! Calculate rates of return !

COEFFI CIENT (Al l, s, home) (Al l, d, host) (Al l, i, TRAD_COW) RR_HHI (i, s, d)
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#Rate of return on capital by host region and industry#,

FORVULA (Al l,i, TRAD COW) (Al |, s, home) (Al |, d, dest: VFDI _HHI (i, s, d) =0)

RR_HHI (i, s, d) =RTBD;

FORMULA (All,i, TRAD cOW) (Al l, s, hone) (All,d, dest: VFDI _HHI (i,s,d) ne 0)

RR HHI (i, s, d)=EVI FMB(i, s, d)/VFDI _HHI (i, s, d) - DEPRI ND(i , d);

COEFFI CIENT (Al l,s, hore) (Al |, i, TRAD_COVM) RRD_H I (i, s)

#Rate of return on domestic capital by industry#;

FORMULA (Al l,s, home) (Al l,i, TRAD COW VKI(i , s) =0)

RRD_H_I (i, s) =RTBD;

FORMULA (All,s, hone) (Al l,i, TRAD COW VKD(i,s) ne 0)

RRD_H I (i, s)=EVDFM(i, s)/ VKD(i, s) - DEPRI ND(i , s) ;

COEFFI CI ENT (al |, r, REG RVTXYCKR(r)

# tax on capital income, by region #;

DI SPLAY EVDFA;

DI SPLAY EVDFM

ASSERTI ON #Donestic capital at agents values is non-negative#

(AIl,i, TRAD COM) (Al |, r, REG EVDFA(i,r) ge O;

ASSERTI ON #Donestic capital at nmarket values is non-negative#
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(All,i, TRAD COM (Al |, r, REG EVDFMi,r) ge O

ASSERTI ON #check SAVE(r) greater than zero# (all,r, REG SAVE(r) >0;

ZERODI VI DE ( ZERO BY_ZERO) DEFAULT O ;

COEFFI CI ENT (all,i, TRAD_ COW) (al |, r, REG) VIMi,r)

I value of inports of comodity i inr

at donestic nmarket prices ! ;

FORMULA (al |, i, TRAD COW (al |, r, REG

VIMi,r) = sun(j,PROD_COWM VIFMi,j,r))

+ VIPMi,r) + VIGVi,r) ;

COEFFI CI ENT (all,i, TRAD COW) (al |, r, REG) VPA(i , 1)

I private househol d expenditure on commodity i

in region r valued at agent’s prices ! ;

FORMULA (al |, i, TRAD COM (al | , s, REG)

VPA(i,s) = VDPA(i,s) + VIPA(i,s) ;

COEFFI CI ENT (al |, r, REG) PRI VEXP(r)

I private consunption expenditure in regionr ! ;

FORMULA (al |, r, REG PRI VEXP(r) = sum(i, TRAD. COW VPA(i,r)) ;

COEFFI CI ENT (all,i, TRAD COW) (al |, r, REG) VGA(i , 1)
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! government househol d expenditure on comrodity

i inregionr valued at agent’'s prices !

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

VGA(i,s) = VDGA(i,s) + VIGA(i,s) ;

COEFFI CI ENT (al |, r, REG GOVEXP(r)

! governnent expenditure in regionr ! ;

FORMULA (all,r, REG GOVEXP(r) = sun(i, TRAD COW VGA(i,r))

COEFFI CI ENT (al |, r, REG I NCOVE( r)

I level of expenditure, which equals NET inconme in region r

(i.e., net of capital depreciation) ! ;

FORMULA (al |, r, REG

INCOVE(r) = sun(i, TRAD COMM VPA(i, 1) + VGA(i,r))

+ SAVE(r) ;

FORMULA (INITIAL) (all,r, REG)

INC(r) = I NCOMVE(r) ;

CCEFFICIENT (all,i, TRAD COW) (all,r, REG (all,s, REG VTVWR(i, r,s)

I value of transportation services associated with

the shipnent of comodity i fromr to s ! ;

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

VIVWR(i,r,s) = VIWS(i,r,s) - VXWD(i,r,s) ;
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COEFFI CI ENT (all,i, TRAD COW) (al |, r, REG) (al |, s, REG)

I The fob share in VIW ! ;

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

FOBSHR(i,r,s) = VMD(i,r,s)/VIWS(i,r,s)

COEFFI CI ENT (all,i, TRAD_ COW) (al |, r, REG) (al |, s, REG)

I The transport share in VIW !

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

TRNSHR(i,r,s) = VIWR(i,r,s)/VIWS(i,r,s) ;

COEFFI Cl ENT

FOBSHR(i, r,s)

TRNSHR(i,r, s)

I The value of total international transportation

services. !;

FORMULA VT = sum(i, TRAD_ COMW sun(r, REG sum(s, REG VTWR(i,r,s)))) ;

COEFFI CI ENT (al |, i, TRAD COM (al | ,j, PROD_COM (al | , r, REG)

SHRDFM(i , . 1)

I the share, at market prices, of donestic prod

used by sector j !

FORMULA (al |, i, TRAD_ COW) (al | ,j, PROD_COMM (al | , r, REQ)

SHRDFM(i ,j,r) = VDFMi,j,r)/VDMi,r) :

COEFFI CIENT (all,i, TRAD COW) (al |, r, REG)
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I share of domestic production used by private hhlds ! ;

FORMULA (all,i, TRAD COMW) (al | , r, REG)

SHRDPM(i, r) = VDPMi,r)/VDMi,r) ;

COEFFI CI ENT (al |, i, TRAD_ COW) (al | , r, REG) SHRDGMi , 1)

! share of inports fromr in s used by gov’'t hhlds ! ;

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

SHRDGM(i ,r) = VDGM(i, r)/VDMi,r)

COEFFI CI ENT (al |, i, TRAD_ COMM (al |, j, PROD_COMM (al | , r, REG)

SHRIFM(i ,j, 1)

! share of inports in r used by sector j ! ;

FORMULA (all,i, TRAD COW) (all,j, PROD_COMM (al |, r, REG)

SHRIFM(i ,j,r) = VIFMi,j,r)/VIMi,r)

COEFFI CI ENT (al |, i, TRAD COMM (al |, r, REG) SHRI PM(i , 1)

! the share of inports in r used by private hhlds !

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

SHRIPMi,r) = VIPMi,r)/VIMi,r) ;

COEFFI CI ENT (al |, i, TRAD COMM (al |, r, REG) SHRI GM(i , 1)

I the share of inports fromr used by gov't hhlds ! ;

FORMULA (all,i, TRAD COMW) (al | , r, REG)

SHRIGMi,r) = VIGMi,r)/VIMi,r) ;
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COEFFICIENT (all, r, REQ REG NV(r)

I regional GROSS investnent in regionr, i.e.,

val ue of output of sector "cgds" ! ;

FORMULA (all, r, REGQ

REA NV(r) = sun{k, CGDS_COW VQA(k,r)) ;

COEFFICIENT (all, r, REQ NETI NV(r)

! regional NET investnent in regionr ! ;

FORMULA (all, r, REG

NETI NV(r) = sun(k, CGDS_COW VOA(k,r)) - VDEP(r)

COEFFI Cl ENT GLOBI NV

I gl obal expenditures on net investnent !

! here, GLOBINV is conputed as sum of NETINV(r) !

I alternatively, GLOBINV nay be conputed sum of

SAVE(r) !

FORMULA GLOBI NV = sun(r, REG NETINV(r));

COEFFI CI ENT (al |, i, TRAD_ COM) (al | , r, REG) VXWi , 1)

I The val ue of exports, at fob prices, by commodity and region! ;

FORMULA (al |, i, TRAD COW (al |, r, REG

VXWi,r) = sum(s, REG VXWD(i,r,s)) + VST(i,r);
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COEFFI CI ENT (al |, r, REG VXWREG ON(r)

! The val ue of exports, fob, by region !

FORMULA (all, r, REG

VXWREG ON(r) = sun(i, TRAD_ COMM VXWi,r)) :

COEFFI CI ENT (al |, i, TRAD_COWM) VXWOOMVOD( i )

! The value of world exports, fob, by comodity ! ;

FORMULA (al |, i, TRAD COW)

VXWCOMMOD(i) = sun(r, REG VXWi,r)) ;

COEFFI CI ENT (al |, i, TRAD_ COW) (al | , s, REG) VIWi, s)

I The value of comodity inmports, at cif price, by conmodity and region ! ;

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

VIWi,s) = sum(r, REG VIWS(i,r,s))

COEFFI ClI ENT (al |, r, REG VI WREG ON(r)

! The val ue of commodity inports, cif, by region !

FORMULA (al |, r, REG

VIVWREG ON(r) = sun(i, TRAD. COMM VIWi,r)) ;

COEFFI CIENT (all,r, REG BTL(r) # balance of trade #;

FORMULA (all,r, REG BTL(r) = VXWREG ON(r) - VIWREG ON(r);

COEFFI CI ENT (al |, r, REG VENDWREQ( 1)
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I The value of primary factors, at nkt prices, by region (new! ;

FORMULA (all,r, REG

VENDWREG(r) = sun(i, ENDW COW VOMi,r)) ;

COEFFI Cl ENT VENDWALD

I The value of primary factors, at nkt prices, worldw de (new)! ;

FORMULA VENDWALD = sun(r, REG, VENDWREG(r)) ;

COEFFI CI ENT (all, i, TRAD_COW) VI WCOMMOD( i )

I The gl obal value of comodity inports, cif, by comodity ! ;

FORMULA (al |, i, TRAD COMWW) VIWCOMMOD(i) = sun(r, REG VIWi,r))

COEFFI Cl ENT VXWL.D

! The val ue of commodity exports, fob, globally !

FORMULA VXW.D = sun(r, REG VXWREG ON(r)) ;

COEFFI CI ENT (all,i, TRAD COW) (al |, r, REG) PWPMi,r)

I Ratio of world to donestic prices !

FORMULA (al |, i, TRAD COW) (al |, r, REG

PWPMi,r) = sum's, REG VXWD(i,r,s)) / sum(s, REG VXMD(i,r,s));

COEFFI CI ENT (all,i, TRAD_ COW) (al |, r, REG) VOWi , 1) ;

I Value of region’s r output at fob prices!

I I NCLUDI NG transportation services !
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FORMULA (al |, i, TRAD COMW) (Al |, r, REG)

VOAN(i,r) = VDMi,r) * PWPMi,r) + sum(s, REG VXWDX(i,r,s))

+ VST(i,r) ;

COEFFI CI ENT (al |, i, TRAD_COWM) VWO )

I Value of world supply at world prices for i. ! ;

FORMULA (al |, i, TRAD COW)

VWWOWi) = sum(r, REG VOWi,r)) ;

COEFFI CI ENT (al |, i, TRAD_COWM) VWOU(i )

I Value of world output of i at user prices. ! ;

FORMULA (al |, i, TRAD_COW)

WWOU(i) = sun{s, REG [VPA(i,s) + VGA(i,s)] +

sunfj, PROD_COW VFA(i,j,s)]} ;

CCEFFICIENT (all,i,ENDWCOW) (all,j,PROD COMWM (all,r,REG SVA(i,j,r)
! The share of i in total value-added inj inr.! ;
FORMULA (all,i, ENDW COW) (all,j, PROD_COW (all,r, REG

SVA(i,j,r) = VFA(i,j,r)/sum(k, ENDW COM VFA(K,j,r))

COEFFI CI ENT (al |, i, TRAD COMM (al |, s, REG) PMBHR(i , S)

! The share of aggregate inports in the donestic

conposite for private househol ds, eval uated at
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agent’s prices. !

FORMULA (al |, i, TRAD COM (al | , s, REG)

PMBHR(i,s) = VIPA(i,s) / VPA(i,s) ;

COEFFI CI ENT (al |, i, TRAD_ COM) (al | , s, REG) GVBHR(i , s)

I The share of aggregate inports in the donestic

conposite for gov’'t househol ds, eval uated at

agent’s prices.

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

GWBHR(i,s) = VIGA(i,s) / VGA(i,s) ;

COEFFI CI ENT (all,i, TRAD COW) (al |, j, PROD_COMM (al | , s, REQ)

FVMBHR(i , j . S)

! The share of aggregate inports in the donmestic

conposite for firns, evaluated at agents’ prices. ! ;

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

FMBHR(i,j,s) = VIFA(i,j,s) / VFA(i,j,s)

COEFFI CI ENT (all,i, TRAD_ COW) (al |, r, REG) (al |, s, REG) MBHRS(i , 1, s)

I The share of inports by source, r, in the aggregate

import bill of region s evaluated at market prices. ! ;

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

MSHRS(i,r,s) = VIMS(i,r,s) / sum(k, REG WVIMs(i,Kk,s))
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COEFFI CI ENT (al |, i, TRAD COMM (al |, r, REG) CONSHR(i , 1)

! The share of private househol d consunption

devoted to good i in regionr. ! ;

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

CONSHR(i,r) = VPA(i,r) / sum(m TRAD COMWM VPA(mr))

COEFFI CI ENT (al |, i, ENDW COMM (al |, j, PROD_COMM (al | , r, REG)

REVSHR(i ,j,r);

FORMULA (all,i, ENDW.COW) (al | ,j, PROD_COMM (al | , r, REG)

REVSHR(i ,j,r) = VFMi,j,r)/sum(k, PROD_ COW VFMi, kK, r));

COEFFI CI ENT (all, r, REQ I NVKERATI O(r)

! ratio of gross investnent to end-of-period

capital stock, inregionr !

FORMULA (all, r, REG)

I NVKERATI O(r) = REGI NV(r) / [VKB(r) + NETINV(r)] ;

COEFFI CI ENT (all, r, REQ GRNETRATI O(r)

I ratio of GROSS/ NET rates of return on capital,

inregionr !

! NOTE: VOA("capital",r) is GROSS returns to capital !

FORMULA (all, r, REG)

GRNETRATIO(r) = sun(h, ENDWC_COMM VOA(h,r)) /

[ sum(h, ENDWC_COMM VOA(h,r)) - VDEP(r) ] ;
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COEFFI CIENT (al |, r, REG) GDP(r)

I Gross Donmestic Product in region r. Trade is val ued

at fob and cif prices. !

FORMULA (all, s, REG

GDP(s) = sum(i, TRAD_ COMM VPA(i,s) )

+ sun(i, TRAD_ COW VGA(i,s) )

+ sum( k, CGDS_COW VOA(Kk, s) )

+ sum(i, TRAD_COW sum(r, REG VXWD(i,s,r)) + VST(i,s))

sun(i, TRAD COW sun(r, REG WVIW5(i,r,s)))

COEFFI CIENT (Al |, 1, REG) TYPR L(r)

#Property incone tax rate#,

FORMULA

(Al'l,r, REG TYPR_L(r)=sunik, ENDAC_COW 1- EVOA(k, r)/VOM Kk, r)];

COEFFI CIENT (Al l,i, TRAD_COMM (Al |, s, hone) (Al I, d, host) VINC_HHI (i, s, d)

#FDI income by industry and host for each home regi on#;

I Next, conpute the Allen partials, price and income elasticities,

I for the aggregated consunption comuoditi es.
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COEFFI CI ENT (all,i, TRAD._ COW) (al | , r, REG ALPHA(i , 1)

! one minus the substitution paranmeter in the CDE

m ni mum expendi ture function ! ;

FORMULA (all,i, TRAD COMW) (al | , r, REG)

| (HT#F1) |

ALPHA(i ,r) = (1 - SUBPAR(i,r)) ;

COEFFI CI ENT (al |, i, TRAD COMM (al | , k, TRAD COMM) (al |, r, REG)  APE(i, k,r)

! the Allen partial elasticity of substitution

bet ween conposite goods i and k in regionr !

FORMULA (all,i, TRAD COW) (al | , k, TRAD_COMM (al | , r, REG)

I (HT#F2) |

APE(i,k,r) = ALPHA(i,r) + ALPHA(K,T)

- sun({m TRAD_COMWM CONSHR(mr) * ALPHA(mr)) ;

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

| (HT#F3) |

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

- sun({m TRAD_COMWM CONSHR(mr) * ALPHA(mMr))

- ALPHA(i,r) / CONSHR(i,r)

COEFFI CI ENT (all,i, TRAD_ COW) (al | , r, REG COVPDEMi , 1)

! the own-price conpensated elasticity of

househol d denand for conposite comodity i ! ;
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FORMULA (al |, i, TRAD COW (al |, r, REG

COMPDEM(i ,r) = APE(i,i,r) * CONSHR(i,r)

COEFFI CI ENT (all,i, TRAD_ COW) (al |, r, REG) EY(i,r)

! the incone elasticity of household demand for

conposite good i in regionr ! ;
FORMULA (all,i, TRAD_ COMM (al |, r, REG)
| (HT#F4) |

EY(i,r) = {1.0/[sum(m TRAD_COMWM CONSHR(mr) * INCPAR(mr))]}

* (INCPAR(i,r) * (1.0 - ALPHA(i,r))

+ sum(m TRAD_ COVMM CONSHR(mr) * INCPAR(mr) * ALPHA(mTr)))

+ (ALPHA(i,r) - sum(m TRAD_COMM CONSHR(mr) * ALPHA(mr))) ;

COEFFI CI ENT (al |, i, TRAD COM) (al |, k, TRAD COM) (al | ,r, REG)  EP(i, k,r)

I the unconpensated cross-price elasticity of hhld

demand for good i with respect to the kth price in

regionr !

FORMULA (al |, i, TRAD_ COW) (al | , k, TRAD_COMM (al | , r, REQ)

| (HT#F5) |

EP(i, k,r) = O :

FORMULA (al |, i, TRAD_ COW) (al | , k, TRAD_COMM (al | , r, REQ)

EP(i,k,r) = (APE(i,k,r) - EY(i,r)) * CONSHR(K,r) ;

DI SPLAY COWPDEM ; DI SPLAY EY ;
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ZERODI VI DE (ZERO BY_ZERO) OFF ;

COEFFI CI ENT (all,j, PROD_COW) (al | , r, REG) PROFI TS(j , 1)

I profits inj of r. This should equal zero. ! ;

FORMULA (all,j, PROD_ COW) (al |, r, REG)

PROFI TS(j,r) = VOA(j,r) - sun(i, DEMD COM VFA(i,j,r));

COEFFI Cl ENT (al |, s, REG) SURPLUS( s)

! Economic surplus in region s. This should equal zero.

NOTE: We first conpute NET income from endownents and

then incone fromvarious taxes.

At the end we deduct private and government expenditures

and net savings ! ;

FORMULA (all, r, REG

SURPLUS(r) = sum(i, ENDW COMW VOA(i,r)) - VDEP(r)

+ sun(i, NSAV._COMM VOMi,r) - VOA(i,r))

+ sun(j, PROD_COW sum(i, ENDWCOW VFA(i,j,r) - VFMi,j,r)))

+ sun(i, TRAD. COW VI PA(i,r) - VIPMi,r))

+ sun(i, TRAD_COW VDPA(i,r) - VDPMi,r))
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+ sun(i, TRAD. COMM VIGA(i,r) - VIGMi,r))

+ sun(i, TRAD_COW VDGA(i,r) - VDGMi,r))

+ sun(j, PROD_COMM sun(i, TRAD COMM VI FA(i,j,r) - VIFMi,j,r)))

+ sun(j, PROD_COMM sun(i, TRAD COMM VDFA(i,j,r) - VDFMi,j,r)))

+ sun(i, TRAD_ COMW sun(s, REG VXWD(i,r,s) - VXVMXi,r,s)))

+ sum(i, TRAD_ COMW sun(s, REG VIMS(i,s,r) - VIWS(i,s,r)))

- sum(i, TRAD_ COMW VPA(i,r) + VGA(i,r))

- SAVE(r)

DI SPLAY PROFI TS ; DI SPLAY SURPLLUS ;

! The EQUATI ONS !

I T |

I See GTAP nodel docunentation by Hertel and Tsigas for derivations and !

I discussion of these equations. Specific references to tables and equations !

I refer to that docunent. !

I The EQUATIONS in this nodel are organized in the sane nmanner as the tables !

I in the docunentation by Hertel and Tsigas. Therefore we begin with the !

I accounting relationships, and the price |linkage equations. Due to Walras’ !

I Law we exclude the equilibriumcondition that the supply of global capital !
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goods equal the gl obal demand for savings. This offers a consistency check

on the nodel under the usual, general equilibriumclosure

equat i ons describing producer behavior.

Not e that each sector

imports with domestic goods and therefore faces a uni que conposite

commodity price. The next set of behavioral equations refer to the

reg

di stributed between private and government consunption and savings in

const ant proportions,

uti

factors of production and regional investment, respectively. Finally we

have the tables with equations for the gl oba

for

reg

for

for

nmedi

e

The

t he

e

e

onal households. In the normal closure, income in each region is

ity function. Tables 7 and 8 describe behavior of the sluggish prinmary

the regional terns of trade. In order to deternmine the change in a

on's terms of trade, one sinply deducts the change in the price index

goods purchased, at world prices, fromthe change in the price indexes

goods sold. This includes all savings/investment transactions whichare

ated on a gl obal basis.

R N

accounting rel ationships in the nodel follow.

equations from Table 1 of the docunentation

R N

R N

transport sector

NN

These correspond to

NN

NN

Next cone the

conbi nes

as woul d be dictated by a Cobb Dougl as aggregate

(tabl e 8)and
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! Mar ket clearing conditions follow

I The follow ng equation enforces market clearing for all but one of the

I tradeable comvdities, while checking for equilibriumin the final market

I (savings=investnent). Note that walraslack nust be endogenous in the usual

I general equilibriumclosure. However, in any of the partial equilibrium

I closures it will be exogenous.

EQUATI ON MKTCLTRD

I This equation assures market clearing in the traded goods markets.

(HT#1) !

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

VOMi,r) * qo(i,r) = VDMi,r) * qds(i,r)

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

+ sunm(s, REG, VXMD(i,r,s) * qgxs(i,r,s))

+ VOMi,r) * tradslack(i,r) ;

EQUATI ON MKTCLI WP

I this equation assures market clearing for the tradeable comopdities entering

each regi on (HT#2)!

(all,i, TRAD_ COM) (al |, r, REG)
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ginm(i,r) = sun(j,PROD_COW SHRIFMi,j,r) * qgfn(i,j.r))

+ SHRIPMi,r) * qpm(i,r) + SHRIGMi,r) * qgn(i,r)

EQUATI ON MKTCLDOM

! this equation assures market clearing for donestic output (HT#3)!

(all,i, TRAD_ COWM) (al |, r, REG)

qds(i,r) = sum(j, PROD_COW SHRDFMi,j,r) * qfd(i,j,r))

+ SHRDPMi,r) * qpd(i,r) + SHRDGMi,r) * qgd(i,r)

EQUATI ON MKTCLENDWM

I In each of the regions, this equation assures nmarket clearing in the nmarkets

for endownent goods which are perfectly nobile anong uses. (HT#4)

(all,i, ENDAM COMM (al |, r, REG)

| F[1'S_CAP(i ) =0,

VOMi,r) * qo(i,r) - sun(j,PROD_COW VFMi,j,r) * afe(i,j,r))]=

IF[1S_CAP(i)=1,

VOMi,r) * (pn(i,r)!+kr(r)!)-

sunm(j, TRAD_COW VFMi,j,r) * (rp(j,r)!+afe(i,j,r)!))]

+ VOMi,r) * endwslack(i,r) ;

EQUATI ON MKTCLENDWS

! In each of the regions, this equation assures nmarket clearing in the markets

for endowrent goods which are inperfectly nobile anong uses. (HT#5)!

(all,i, ENDAS_COMM (al | ,j, PROD COMM (al |, r, REG)
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goes(i,j,r) =dgfe(i,j,r);

I For Equation 6 (zero profits condition) see the Behavioral Equations for

! Producers bel ow.

I Equation 7 generates a price index for transportation services based on

I zero profits. Refer to the d obal Shipping Industry Equations bel ow.

EQUATI ON PRI VATEXP

I This equation conputes private househol d expendi ture as househol d i ncone

| ess savings | ess government expenditures. (HT#8)!

(all,r, REG

I Link private consunption to incone

PRI VEXP(r) * yp(r) = INCOVE(r) * y r(r)

- SAVE(r) * [ psave(r) + gsave(r) ]

- sum(i, TRAD COW VGA(i,r) * [pg(i,r) + qg(i,r)])!

yp(r) =y_r(r) + privslack(r) ;

EQUATI ON KEND

I Ending capital stock equals beginning stock plus net investnent. (HT#10)!
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(all, r, REGQ

ke(r) = INVKERATIQ(r) * qcgds(r) +

[1.0 - INVKERATIO(r)] * kb(r) ;

! Equation 11 conputes changes in gl obal investment. Refer to Equation 11’

! in the Investnent Equations section bel ow

EQUATI ON WALRAS S

! This is an extra equation which sinply conputes change in supply in the

omtted market. (nodified fromHT#12 to reflect the value, as opposed to

quantity change)!

wal ras_sup = pcgdswi d + gl obal cgds ;

EQUATI ON WALRAS_D

! This is an extra equation which sinply conputes change in demand in the

omtted market. (nodified fromHT#13 to reflect the value, as opposed to

quantity change)!

GLOBI NV * wal ras_dem = sum(r, REG, SAVE(r) * [psave(r) + gsave(r)]) ;

EQUATI ON WALRAS

! This equation checks Walras Law. The val ue of the endogenous sl ack

vari abl e shoul d be zero. (HT#14)!
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wal ras_sup = wal ras_dem + wal rasl ack

I The followi ng equations serve to link prices in different narkets taking !

I into account taxes/subsidies. There are 6 types of taxes in this nodel: !

I inmport taxes, source-generic variable |evies on inter-regional inports, !

I output taxes, export taxes, destination-generic variable export subsidies !

I on inter-regional exports, incone taxes, primary factor taxes on firns, !

I and commodity taxes |evied both on households and firms. These correspond !

I to the Price Linkage Equations in Table 2 of the documentati on. !

EQUATI ON SUPPLYPRI CES

I This equation links pre- and post-tax supply prices for al

i ndustries.

This captures the effect of output taxes.(HT#15)!

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

ps(i,r) + to(i,r) =pn(i,r) ;

EQUATI ON REALRETURN

I This equation defines the real rate of return to primary factor

inregion r

(new).!

(all,i, ENDNW COM (al | , s, REG)
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pfactreal (i,s) = pmii,s) - ppriv(s)

EQUATI ON MPFACTPRI CE

! This equation |inks domestic and firmdemand prices. It holds for Mbile

endownent goods and captures the effect of taxation of firms’ usage of

primary factors. (HT#16)!

(all,i, ENDAM COMM (al | ,j, PROD COMM (al |, r, REG)

pte(i,j,r) =tf(i,j,r) + pn(i,r) +

sun{k, ENDANC_ COM k eq i,f_pfek(j,r)};

EQUATI ON SPFACTPRI CE

! This equation |links donmestic and firm demand prices. It holds for Sluggish

endownent goods and captures the effect of taxation of firms’ usage of

primary factors. (HT#17)

(all,i, ENDAS_COMM (al | ,j, PROD COMM (al |, r, REG)

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

EQUATI ON PHHDPRI CE

I This equation |links domestic market and private household prices.It holds

only for donmestic goods and it captures the effect of commopdity taxation of

private househol ds. (HT#18) !

(all,i, TRAD_ COWM) (al |, r, REG)

ppd(i,r) = tpd(i,r) + pds(i,r)
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EQUATI ON GHHDPRI CE

I This equation |inks donmestic market and governnent househol d prices

It holds only for domestic goods and it captures the effect of commodity

taxation of governnent househol ds. (HT#19) !

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

pgd(i,r) = tgd(i,r) + pds(i,r) ;

EQUATI ON DMNDDPRI CE

I This equation links donestic market and firmprices

It holds only for donmestic goods and it captures the effect of commdity

taxation of firns. (HT#20)!

(all,i, TRAD COMM (al | ,j, PROD_ COMM) (al |, r, REG)

pfd(i,j,r) =tfd(i,j,r) + pds(i,r) ;

EQUATI ON PHHI PRI CES

I This equation |inks domestic market and private household prices. It holds

only for inports and it captures the effect of commpdity taxation of private

househol ds. (HT#21)!

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

ppm(i,r) = tpm(i,r) + pid(i,r)

EQUATI ON GHHI PRI CES

! This equation |links donestic market and government household prices. It

holds only for inports and it captures the effect of commpdity taxation of
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government househol ds. (HT#22)!

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

pgn(i,r) = tgn(i,r) + pid(i,r) ;

EQUATI ON DIWVNDI PRI CES

! This equation |inks domestic market and firm prices.

It holds only for

i mported goods and it captures the effect of commodity taxation of

firms. (HT#23)!

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

pfn(i,j,r) = tfn(i,j,r) + pid(i,r) ;

EQUATI ON MKTPRI CES

! This equation |inks domestic and world prices.

source-generic inport |evy. (HT#24)!

(all,i, TRAD. COWM) (al | ,r, REG (al |, s, REG)

pms(i,r,s) =tmii,s) + tns(i,r,s) + pcif(i,r,s)

It includes a

! In order to inplement a variable levy, it is necessary to define

! a donmestic price target. This is the ratio of donmestic to average

! inmported goods’ price. Note that the way this price ratio is defined, it

! includes intraregional inports as well. In nost applications,

regions will!

! represent groups of individual countries. |In the case of the E U we have !

! elimnated intraregional trade, so that this aspect is not

rel evant there.
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EQUATI ON PRI CETGT

I This equation defines the target price ratio to be attained via the

vari abl e | evy. (HT#25)

(all,i, TRAD_ COM) (al |, s, REG)

pr(i,s) = pn(i,s) - pin(i,s) ;

I For Equation 26 refer to the equations on the d obal Shipping |Industry

I given above.

! The next equations pertain to export price linkage. Here, the option

is available for applying a destination-generic export subsidy (tx) to

mai ntai n producer price levels. !

EQUATI ON EXPRI CES

I This equation links agent’s and world prices. In addition to tx we

have ts which enbodi es both production taxes (all s) and export taxes

(r not equal to s) (HT#27)!

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

pfob(i,r,s) = pxs(i,r,s) + tx(i,r) + txs(i,r,s)
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I Conposite Inports Nest: Table 3 of Hertel and Tsigas !

EQUATI ON DPRI CEI MP

! Price for aggregate inports. (HT#28)!

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

pin(i,s) = sumk, REG MSHRS(i,k,s) * pns(i,k,s))

+ IF (MMi,s) =0, pfactw d);

! W now turn to the behavioral equations for firns. The follow ng picture !

! describes factor demands. The first set of equations describe demands for !

I primary factors. (See table 4 of the docunentation.) !

I Production structure !

! qo(j,r) [ao(j,r)] !

! /N <----- Leonti ef !
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! [ava(j.r)] aqva(j.r) af (i, j,r) [af(i,j,r)] !
! I\ I\ I
! CES ----- > I\ R CES !
! /A A / \ !
! / [ \ / \ I
! / [ \ / \ I
! Land Labor Capital Donestic For ei gn !
! gfe(i,j,r) gfd(i,j,r) afmii,j,r) !
! [afe(i,j,r)] !

! Conposite Internedi ates Nest !

I Use of each input in producing a particular output is the total use of that !

I input across all FDI industries producing the output for those outputs for !

I which FDI activity is present (where FDI _FLAGL>0). Oherwi se, input use is !

| determined as in FTAP (=as in GIAP for intermediate inputs and non-capital !

I primary factors). !

I The sumof internediate inputs across FDI industries is assigned to !

I variables f_qfd (domestic) and f_qgfm (i nported). !

I The sumof primary factor inputs across FDI industries is assigned to !

| variables f_qfel (labour), f_qgfek (capital), f_qgfen (land) and !

I f_gfenr (natural resources). !
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EQUATI ON | COWPRI CE

! Industry price for conposite commodities. (HT#30) !

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

pf(i,j,r) = IF{FDl _FLAGL(j,r)=0,

FVMBHR(i , j,r)*pf(i,j,r) + [1 - FMBHR(i,j,r)]*pfd(i,j,r)}+

| F{FDI _FLAGL(j,r) ne 0,f_pf (i, PROD2FDI (j), REGFDI (r))};

EQUATI ON | NDI MP

! Industry j demands for conposite inport i. (HT#31)!

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

afn(i,j,s) =

| F{FDI _FLAGL(j,s)=0,qf(i,j,s)

- ESUBD(i) * [pfm(i,j,s) - pf(i,j,s)]t+

| F{FDI _FLAGL(j,s) ne O, f_qf m(i, PROD2FDI (j ), REGFDI (s))};

EQUATI ON | NDDOM

! Industry j demands for domestic good i. (HT#32)!

(all,i, TRAD_ COW) (all,j, PROD_COM) (al | , s, REG)

afd(i,j,s) =
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| F{FDI _FLAGL(j,s)=0,qf(i,j,s)

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

| F{FDI _FLAGL(j,s) ne 0,f_gqfd(i, PROD2FDI (j), REGFDI (s))};

I Val ue- added Nest

EQUATI ON VAPRI CE

I (Effective) price of primary factor conposite in each sector/region.

(HT#33) !

(all,j, PROD_COWM) (all,r, REG

pva(j,r) = sun(k, ENDW COW SVA(k,j,r) * [pfe(k,j,r) - afe(k,j,r)])+

| F[ sum( k, ENDW COMM SVA(Kk, j,r)) =0, pfactw d];

EQUATION E_o_qgfe

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

oqgfe(i,j,r) =

- afe(i,j,r) + qva(j,r) - ESUBVA(j) * [pfe(i,j,r) - afe(i,j,r) - pva(j,r)];

EQUATI ON E_afe
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(all,i, ENDNW.COW) (al | ,j, PROD_ COW) (al |, r, REG)

I F[ (EVFA(i,j,r)=0) or (FD _FLAGL(j,r)=0),afe(i,j,r)]=f_afe(i,j,r)+

I F[(EVFA(i,j,r) ne 0) and (FDI _FLAGL(j,r) ne 0),o_qfe(i,j,r)-qgfe(i,j,r)];

EQUATI ON ENDWDEMAND

! Demands for endowrent conmodities (HT#34) !

(all,i, ENDNW.COW) (al | ,j, PROD_COW) (al |, r, REG)

afe(i,j,r) =

| F{FDl _FLAGL(j,r)=0, - afe(i,j,r) + qva(j,r)

- ESUBVA(j) * [pfe(i,j,r) - afe(i,j,r) - pva(j,r)] }+

| F{FDI _FLAGL(j,r) ne O,

suni k, LABOR k eq i,f_gfel (k, PROD2FDI (j), REG2FDI (r))]+

suni k, ENDWC_ COW k eq i, f_gqf ek(k, PROD2FDI (j), REG2FDI (r))] +

sunf k, LAND: k eq i, f_qgfen(k, PROD2FDI (j), REQFDI (r))] +

sunf k, NATRES: k eq i, f_gf enr(k, PROD2FDI (j ), REQFDI (r))]1};

I Total Qutput Nest !

EQUATI ON VADEMAND

! Sector demands for primary factor conposite. This equation differs

from HT#35 due to the presence of internediate input substitution.!

(all,j, PROD_COWM) (all,r, REG
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qva(j,r) = -ava(j,r) +qo(j,r) - ao(j,r)

- ESUBT(j) * [pva(j,r) - ava(j,r) - ps(j,r)l]

EQUATI ON | NTDEMAND

I Industry demands for internediate inputs, including cgds. This equation

differs from HT#36 due to the presence of internediate input substitution. !

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

qf (i,j,r) = IF{FD _FLAGL(j,r)=0,- af(i,j,r) + qo(j,r) - ao(j,r)

- ESUBT(j) * [pf(i,j,r) - af(i,j,r) - ps(j.r)]}+

| F{FDI _FLAGL(j,r) ne 0,f_qf (i, PROD2FDI (j), REQFDI (1))} ;

EQUATI ON E_af

I I ndustry demands for internediate inputs, including cgds. This equation

differs from HT#36 due to the presence of internediate i nput substitution. !

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

0= | F{FDI _FLAGL(j,r) ne O,-qgf(i,j,r)-af(i,j,r)+qo(j,r)-ao(j,r)

- ESUBT(j) * [pf(i,j,r) - af(i,j.r) - ps(j,r)]+

| F{FDI _FLAGL(j,r)=0,af(i,j,r)} ;

I Next comes the zero profits equations !

[ |

EQUATI ON  ZEROPROFI TS
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! Industry zero pure profits condition. This condition permits us to

determ ne the endogenous out put |evel for each of the non-endownent

sectors. The level of activity in the endowrent sectors is exogenously

determ ned. (HT#6)!

(all,j, PROD_COW) (all,r, REG

VOA(j,r) * [ps(j.r) +qo(j,r)] =

sunm(i, ENDW COW VFA(i,j,r) * [pfe(i,j,r) + afe(i,j,r)])

+ sum(i, TRAD_COW VFA(i,j,r) * [pf(i,j,r) +af(i,j,r)])

+ VOA(j,r) * profitslack(j,r);

I The househol d behavi or equations follow. This corresponds to Tabl e5.

IR B |

IR B |

! Aggregate Utility

EQUATI ON UTI LI TY

! conputation of per capita regional utility (HT#37). Note that private

utility has already been defined on a percapita basis. !

(all,r, REG

INCOVE(r) * u(r) = PRIVEXP(r) * up(r)

+ GOVEXP(r) * [ ug(r) - pop(r) ]

THEFTAPTABLO
CODE

421



+ SAVE(r) * [ gsave(r) - pop(r)] ;

[ |

! Regi onal Savi ngs !

EQUATI ON SAVI NGS

I regi onal demand for savings -- generated from aggregate Cobb- Dougl as

utility function where the pop(r) terns again cancel (HT#38)!

(all,r, REG

PRI VEXP(r) * yp(r) = INCOVE(r) * y_ r(r)

- SAVE(r) * [ psave(r) + gsave(r) ]

- sun(i, TRAD COMWM VGA(i,r) * [pg(i,r) + qg(i,r)])

+ savesl ackl(r)

I Det erm ne savings as a residual

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

[ |

! Gover nnent Purchases !

[ |

EQUATI ON GOVERTU

I Conmputation of utility fromregional governnent consunption. In
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sonme closures this index of gov't activity may be fixed, in which case

govsl ack is endogenized. In this case the m x of regional expenditures

changes and the aggregate utility index no |onger applies. (HT#39)!

(all,r, REG

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

IR |

! Denmand for Conposite Goods !

IR B |

EQUATI ON GPRI CEI NDEX

! definition of price index for aggregate gov’'t purchases (HT#40)!

(all,r, REG

pgov(r) = sum(i, TRAD COMW [VGA(i,r)/ GOVEXP(r)] * pg(i,r))

EQUATI ON GOVDMNDS

! Government househol d demands for conposite conmpdities. Note that the pop(r)

argunent in per capita income and that in per capita consunption cancel due

to honotheticity. (HT#41)!

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

ag(i,r) =wug(r) - [ pg(i,r) - pgov(r) | ;

! Conposite Tradeabl es !

THEFTAPTABLO
CODE

423



[ |

EQUATI ON GCOWPRI CE

I Governnent household price for conposite commodities (HT#42)!

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

pg(i,s) = GWHR(i,s) * pgmii,s) + [1 - GWHR(i,s)] * pgd(i,s)

EQUATI ON GHHLDAGRI MP

I Governnent househol d demand for aggregate inports. (HT#43)!

(all,i, TRAD_ COM) (al |, s, REG)

qgn(i,s) = qg(i,s) + ESUBD(i) * [pg(i,s) - pgn(i,s)]

EQUATI ON GHHLDDOM

I Governnent househol d demand for donestic goods. (HT#44)!

(all,i, TRAD_ COM) (al |, s, REG)

qgd(i,s) = qg(i,s) + ESUBD(i) * (pg(i,s) - pgd(i,s)) ;

[ |

! Private Househol d Denands !

EQUATI ON PRI VATEU

! This equation determines private consunption utility for a representative

househol d in region r, based on the per capita private expenditure function
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(HT#45) 1

(all,r, REG

yp(r) = sun(i, TRAD_COMW (CONSHR(i,r) * pp(i,r)))
+ sunm(i, TRAD_COMM (CONSHR(i,r) * INCPAR(i,r))) * up(r)
+ pop(r)

I Conposi te Demands

IR B |

EQUATI ON PRI VDVNDS

I Private househol d demands for conposite comodities. Denmand system

is on a

per capita basis. Here, yp(r) - pop(r) is %change in per capita

i ncome. (HT#46)!

(all,i, TRAD_ COW) (al |, r, REG)

qp(i,r) = sunm(k, TRAD COWM EP(i,k,r) * pp(k,r))

+ EY(i,r) = [ yp(r) - pop(r) ]

+ pop(r) ;

IR B |

I Conposite Tradeabl es
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EQUATI ON PCOVPRI CE

I Private household price for conposite comuodities (HT#47)!

(all,i, TRAD_ COM) (al |, s, REG)

pp(i,s) = PMSHR(i,s) * ppm(i,s) + [1 - PMSHR(i,s)] * ppd(i,s)

EQUATI ON PHHLDDOM

I Private househol d denand for donestic goods. (HT#48)!

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

qpd(i,s) = gp(i,s) + ESUBD(i) * [pp(i,s)

EQUATI ON PHHLDAGRI MP

I Private househol d denand for aggregate

(all,i, TRAD_ COMW) (al |, s, REG)

gpn(i,s) = gp(i,s) + ESUBD(i) * [pp(i,s)

[

‘

ppd(i,s)] ;

nports. (HT#49)!

ppn(i, s)]

R |

I We continue with determ nation of supplies and conposite price for sluggish!

I primary factors corresponding to the equations in Table 7 of docunentation.!

I (Table 6 reports the formulae for calculating the CDE el asticities.) !

EQUATI ON ENDW PRI CE

I This equation generates the conposite price for sluggish

endownent s. ( HT#50) !
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(all,i, ENDAS_COMM (al |, r, REG)

pm(i,r) = sumk, PROD_ COW REVSHR(i,k,r) * pmes(i,k,r))

EQUATI ON ENDW SUPPLY

! This equation distributes the sluggi sh endowents across sectors.

(HT#51) !

(all,i, ENDAS_COMM (al | ,j, PROD COMM (al |, r, REG)

I F[ VFMi,j,r)=0, pres(i,j,r)-pfactw d]=

I F[ VFMi,j,r) ne O,

qoes(i,j,r) -{qo(i,r) - endwslack(i,r) + ETRAE(i) *

[pr(i,r) - pmes(i,j.r)]}];

IR B |

! Capital stock and rate of return equations follow They correspond !

! to the Investnent Equations of Table 8 in the docunentation !

IR B |

EQUATI ON KAPSVCES

I This equation defines a variable for capital services, for convenience.

(There is really only one capital services item) (HT#52)!

(all,r, REG

ksvces(r) =

sum(h, ENDAC_COMM [ VOA(h, r) / sum(k, ENDWC_COW VOA(k, r))] *

qo(h,r)) ;
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EQUATI ON KAPRENTAL

I This equation defines a variable for capital rental rate. (HT#53)!

(all,r, REG

rental (r) =

sun(h, ENDWC_COW [VOA(h, r) / sum(k, ENDAC_COMM VOA(k,r))] *

ps(h,r))

EQUATI ON CAPGOODS

I This equation defines a variable for gross investnent, for

conveni ence

There is really only one capital goods item ) (HT#54)!

(all,r, REG

gcgds(r) =

sum(h, CGDS_COW [VOA(h,r) / REG NV(r)] * qo(h,r)) :

EQUATI ON PRCGOODS

I This equation defines the price of cgds for convenience. (HT#55)!

(all,r, REG

pcgds(r) = sun(h, CGDS_COW [VQA(h,r) / REGANV(r)] * ps(h,r))

EQUATI ON KBEG NNI NG

I This equation associates any change in capital services during the

period with a change in capital stock. Full capacity utilization is
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assuned. (HT#56)!

(all,r, REG

kb(r) = ksvces(r) ;

EQUATI ON RORCURRENT

I This generates the current rate of return on capital in region r.

(HT#57) !

(all, r, REG

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

EQUATI ON ROREXPECTED

! Expected rate of return depends on the current return and

i nvest nent . (HT#58) !

(all, r, REG

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

! The following equations hold for the world as a whol e !

IR B |

! The followi ng two equations determine the international allocation of !

I investment. These are now commented out and are replaced by SALTER !

I equations SGL6 TO S&1. These are located in the | CM nodul e appended to !

! the end of the original GIAP tab file. !

| IR B |
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EQUATI ON RORGLOBAL
I This equation conputes alternatively the global supply of capital
goods
or the global rental rate on investnent. (HT#59) !
(all,r, REG
RORDELTA*rore(r) +
[1 - RORDELTA] * {[REG NV(r)/NETINV(r)] * qcgds(r)
- [VDEP(r)/NETINV(r)] * [deprate(r)+kb(r)]}
= RORDELTA * rorg + [1 - RORDELTA] * gl obal cgds + cgdslack(r) ;
EQUATI ON GLOBALI NV
I This equation conputes:
either the change in global investnent (when RORDELTA=1),
or the change in the expected global rate of return on capital
(when RORDELTA=0) (HT#11') !
RORDELTA * gl obalcgds + [1 - RORDELTA] * rorg =
RORDELTA * [ sum(r, REG {REGQ NV(r)/G.0BI NV} * qcgds(r)
- {VDEP(r)/GLOBINV} * {deprate(r)+kb(r)}) ]

+ [1 - RORDELTA] * [ sun(r,REG {NETINV(r)/G.OBINV} * rore(r)) ];

EQUATI ON PRI CGDS
I This equation generates a price index for the aggregate
gl obal cgds conposite. (HT#60) !

pcgdswid = sun(r, REG [ NETINV(r) / GLOBINV] * pcgds(r)) ;
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The foll owi ng equations deterni ne behavior in the global shipping industry.

This corresponds to Table 9 of the docunentation.

R N

First we consider the "production function" for the conposite transport

services input. This is Cobb Douglas in form and is represented here

by two equations. |In the first, the conposite price index is conputed

In the second, the derived demand for inputs fromthe various regions are

generated. Here the elasticity of substitution is zero

IR B |

EQUATI ON PTRANS

This equation generates a price index for transportation services based on

zero profits. (NOTE Sales to international transportation are not subject to

export tax. This is why we base the costs to the transport sector on narket

prices of the goods sold to international transportation.) (HT#7)!

VT * pt = sum(i, TRAD_ COMM sun{(r, REG VST(i,r) * pst(i,r)))

EQUATI ON TRANSVCES

Thi s equation generates the demand for regional supply of globa

transportation services. It reflects a unitary elasticity of
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substitution

bet ween transportation services inputs fromdifferent regions.

(HT#61) !

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

gst(i,r) =qt + [pt - pst(i,r)] ;

[ |

I Next we devel op the equations describing the uses of the conposite !

I transport services QI. This conposite input is used in fixed proportion !

I to shipnents along each route. It is here that we introduce the potenti al

I for input-augnenting technical change, atr(i,r,s), which is commodity and !

I route specific. Thus, in the levels, ATR(i,r,s)*QISs(i,r,s) = Q(i,r,s), !

I where QIS(i,r,s) is the amount of QT used along this route. Therefore, !

I atr(i,r,s) > 0 reduces the conposite input required along this route, and !

I it al so danmpens the cost of shipping, thereby lowering the cif price !

I inmplied by a given fob val ue. !

EQUATI ON QTRANS

I This equation conputes the gl obal denmand for international transportation

services (i.e., variable gqt). It reflects the fact that the demand for

services along any particular route is proportional to the quantity of

mer chandi se shipped [i.e., variable gxs(i,r,s) ]. (HT#62)!

VT * gt = sun(i, TRAD_COW sun(r, REG
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sun(s, REG VIWR(i,r,s) * [qgxs(i,r,s) - atr(i,r,s)] ))) ;

EQUATI ON FOBCI F

! This equation links fob and cif prices for good i shipped from

region r

tos . (HT#26')!

(all,i, TRAD. COMW) (all,r, REG) (al |, s, REQ)

pcif(i,r,s) = FOBSHR(i,r,s) * pfob(i,r,s) + TRNSHR(i,r,s) *

[pt - atr(i,r,s)] + IF[FOBSHR(i,r,s)+TRNSHR(i,r,s)=0, pfactw d];

| IR B |

! The next three equations correspond to Table 10 of the docunentation on !

! Regional Terns of Trade. This is followed by new information on trade !

! vol unmes, regional private household price indices and wel fare neasures. !

EQUATI ON REGSUPRI CE

! This equation estimates the change in the index of prices received for

tradeabl e products produced in r. (nodified fromHT#64 to elimnate

the investnent conponent)!

(all,r, REG

VXWREG ON(r) * psw(r) = sun(i, TRAD_ COW sun(s, REG VXWXi,r,s)*pfob(i,r,s))
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+ VST(i,r) * pst(i,r)) ;

EQUATI ON REGDEMPRI CE

I This equation estimates the change in the index of prices paid for tradeable

products used in r. (nodified fromHT#65 to elim nate savings)!

(all,r, REG

VIVREG ON(r) * pdw(r) = sun(i, TRAD_ COW sum k, REG WVIW5(i,k,r)*pcif(i,k,r))) ;

[ |

I This conpletes the listing of equations docunented in Hertel and Tsigas. As!

I with nost conputer code, the code is ahead of the docunentation. The !

I followi ng equations do not affect the equlibriumstructure of the nodel. !

I However, they cal cul ate many useful sunmary statistics. The user is !

I encouraged to go over these in sone detail. Note that quantity indices !

I are always derived by differencing the change in value and price. !

[ O |

EQUATI ON TOTeq

I Terms of trade equation conmputed as difference in psw and pdw.

(HT#66) !

(all,r,REG tot(r) = pswr) - pdw(r) ;

EQUATI ON conpval adeq (all,i, PROD_COW (all, r, REG

I track change in conposition of value added !
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conmpval ad(i,r) = qo(i,r) - qgdp(r) ;

IR B |

! Now comput e wel fare neasures. !

EQUATI ON EVREG (all,r, REG
I conputes regional EV which is the noney netric wel fare change
(HT#67) !

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

EQUATI ON EVWALD
! conputes EV for the world (HT#68)!

VWEV - sun(r, REG EV(r)) =0 ;

| IR B |

! This is the private consuner’s price index. !

IR B |

EQUATI ON PHHLDI NDEX (all,r, REG
I conputes change in price index for private househol d expenditures
(HT#69) !

PRI VEXP(r) * ppriv(r) = sum(i, TRAD_ COMM VPA(i,r)* pp(i,r));
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[ |

I Now cone value, price and quantity indices for GDP, by region. !

[ |

EQUATI ON VGDP_r

I change in value of GDP (HT#70)!

(all,r, REG

GDP(r) * vgdp(r) = sum(i, TRAD COMWM VGA(i,r) *

[ag(i.r) + pg(i,r) 1)

+ sum(i, TRAD_ COW VPA(i,r) *

[ap(i,r) + pp(i,r) 1)

+ REGNV(r) * [qcgds(r)  + pcgds(r) ]

+ sum(i, TRAD_COW sun(s, REG VXWD(i,r,s) *

[agxs(i,r,s) + pfob(i,r,s)]))

+ sum(i, TRAD_COW VST(i,r) * [qgst(i,r) + pst(i,r) 1)

- sum(i, TRAD_COW sum(s, REG VIWS(i,s,r)*

[axs(i,s,r) + pcif(i,s,r)]))

EQUATI ON PGDP_r

I gdp price index (HT#71)!

(all,r, REG

GDP(r) * pgdp(r) sunm(i, TRAD_COW VGA(i,r) * pg(i,r) )

+

sunm(i, TRAD_ COMM VPA(i,r) * pp(i,r) )

+ REG NV(r) * pcgds(r)
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+ sum(i, TRAD_COW sum(s, REG VXWD(i,r,s) * pfob(i,r,s) ))

+ sum(i, TRAD_ COMW VST(i,r) * pst(i,r) )

- sum(i, TRAD_ COW sum(s, REG VIWS(i,s,r)* pcif(i,s,r))) ;

EQUATI ON QGDP_r

I gdp quantity index (HT#72)!

(all,r, REG

qgdp(r) = vgdp(r) - pgdp(r)

| IR B |

I Next conpute price and quantity indexes for aggregate trade figures.

IR B |

! First cone the value changes. !

EQUATI ON VREGEX_ir (all,i, TRAD. COW) (al |, r, REG

! the change in FOB val ue of exports of comodity i fromr (HT#73)!

VXWi,r) * vxwfob(i,r) = sum(s, REG VXWD(i,r,s) *

[gxs(i,r,s) + pfob(i,r,s)])

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

EQUATION VREG Mis (all,i, TRAD COW) (all,s, REG

! the change in CIF value of inports of comodity i into s (HT#74)!

VIWi,s) * viwif(i,s) = sum(r,REG VIWS(i,r,s) *
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[pcif(i,r,s) + gxs(i,r,s)]) ;

EQUATI ON VREGEX r  (all,r, REQ)

I computes % change in val ue of nerchandi se exports, by region

( HT#75) |

VXVWREG ON(r) * vxwreg(r) = sun(i, TRAD COWM VXWi,r) * vxwfob(i,r)) ;

EQUATION VREG Ms (all,s, REQ)

I conputes % change in value of inports, cif basis, by region

(HT#76) !

VIVREG ON(s) * viweg(s) = sun(i, TRAD COWM VIWi,s) * viwif(i,s))

EQUATI ON WALDEX_i  (al |, i, TRAD_COW)

I conputes % change in fob value of global exports, by comuodity

(HTH#77) !

VXMCOWOD(i) * vxweom(i) = sun(r, REG VXWi,r) * vxwfob(i,r)) ;

EQUATION WADIMi  (all,i, TRAD COW)

I conmputes % change in value of global inports, by conmodity (HT#78)!

VIWCOMMOD(i ) * viwcon(i) = sun(s, REG VIWi,s) * viwif(i,s))

EQUATI ON VWLDEX

I conputes % change in value of global exports (HT#79)!

VXW.D * vxww d = sum(r, REG VXWREG ON(r) * vxweg(r)) ;
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EQUATI ON VWL.DOUT

! change in value of world output of commodity i at fob prices

( HT#80) !

(all,i, TRAD_COW)

VWAOWNi) * valuew(i) = sum(r, REG VOWNi,r) * [pxw(i,r) + qo(i,r)]) ;

EQUATI ON VWLDOUTUSE

! change in value of world output of combdity i at user prices

(new)!

(all,i, TRAD_COW)

VWAOU(i) * valuewu(i) = sun{s, REG VPA(i,s) * [pp(i,s) + qp(i,s)]

+ VGA(i,s) * [pg(i,s) + qg(i,s)]

+ sum{j, PROD_COWM VFA(i,j,s) * [pf(i,j,s) +af(i,j,s)]1}}

I Next come the price indices. !

EQUATI ON PREGEX i r (all,i, TRAD COWM) (al |, r, REG)

! the change in FOB price index of exports of comodity i fromr

(HT#81) !

VXWi,r) * pxw(i,r) = sum(s, REG VXWD(i,r,s) * pfob(i,r,s))

+ VST(i,r) * pst(i,r) ;

EQUATI ON PREG M is (all,i, TRAD. COW (al |, s, REG
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I the change in cif price index of inmports of commodity i into s

(HT#82) !

VIWi,s) * piwmi,s) = sum(r,REG VIWS(i,r,s) * pcif(i,r,s)) ;

EQUATI ON PRI MFACTPR  (al |, r, REQ)

I computes % change in price index of primary factors, by region

(new)!

VENDWREGQ(r) * pfactor(r) = sun(i, ENDWCOW VOMi,r) * pn(i,r))

EQUATI ON PREGEX r  (all,r, REQ)

I conputes % change in price index of exports, by region (HT#83)!

VXVREG ON(r) * pxwreg(r) = sun(i, TRAD COWM VXWi,r) * pxw(i,r)) ;

EQUATION PREG Ms (all,s, REQ)

I computes % change in price index of inports, by region (HT#84)!

VIVREG ON(s) * piweg(s) = sun(i, TRAD COWM VIWi,s) * piwi,s)) ;

EQUATI ON PWLDEX_i  (all,i, TRAD_COW)

I computes % change in price index of exports, by commodity (HT#85)!

VMWCOWOD(i) * pxwecom(i) = sun(r, REG VXWi,r) * pxw(i,r))

EQUATI ON PRI MFACTPRW.D

I conputes % change in global price index of primary factors (new)!

VENDWALD * pfactwl d = sun(r, REG VENDWREG(r) * pfactor(r)) ;
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EQUATION PALDIM i (all, i, TRAD COW)

I conputes % change in price index of inmports, by conmodity (HT#86)!

VIWCOMMOD(i) * piwcom(i) = sun(s, REG VIWi,s) * piwi,s)) ;

EQUATI ON PW.DEX

! conputes % change in price index of global exports (HT#87)!

VXW.D * pxww d = sunm(r, REG VXWREG ON(r) * pxwreg(r))

EQUATI ON PWL.DOUT

I change in index of world prices, fob, for total production of i

(HT#88) !

(all,i, TRAD_COW)

VWOWNi) * pw(i) = sum(r, REG VONi,r) * pxw(i,r))

EQUATI ON PW.DUSE

! change in index of user prices for deflating world production of

i (new)!

(all,i, TRAD COMV)

WAOU(i) * pwu(i) = sum{s, REG VPA(i,s) * pp(i,s)

+ VGA(i,s) * pg(i,s)

+ sunfj, PROD_COW VFA(i,j,s) * pf(i,j.,s)]} ;

! And finally the quantity indices. !
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EQUATI ON QRECEX i r (all,i, TRAD_ COW (al |, r, REG

I The change in volunme of exports of commodity i fromr.

This is generated by deflating a val ue aggregate. (HT#89)!

gxw(i,r) = vxwiob(i,r) - pxw(i,r)

EQUATI ON QREG M i s (all,i, TRAD. COW) (al |, s, REG)

I The change in volune of inports of comobdity i into s.

This is generated by deflating a value aggregate. (HT#90)!

qiwi,s) =viwif(i,s) - piwmi,s) ;

EQUATI ON QREGEX r  (all,r, REQ)

I computes % change in quantity index of exports, by region (HT#91)!

gxwreg(r) = vxwreg(r) - pxweg(r)

EQUATION QREG Ms (all,s, REQ

I conputes % change in quantity index of inports, by region (HT#92)!

giweg(s) = viweg(s) - piweg(s) ;

EQUATI ON QALDEX_i  (all, i, TRAD COW)

I conputes % change in quantity index of exports, by comodity

(HT#93) !

gxweon(i) = vxweon(i) - pxwcon(i)
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EQUATION QMDIMi  (all,i, TRAD COW)

I conputes % change in quantity index of inports, by commodity

(HT#94) !

giwcom(i) = viwcon(i) - piwcon(i) ;

EQUATI ON QALDEX

I conputes % change in quantity index of global exports (HT#95)!

gxwd d = vxww d - pxw d ;

EQUATI ON QALDOUT

! change in index of world production of i (HT#96)!

(all,i, TRAD_COW)

gow(i) = valuew(i) - pwi) ;

EQUATI ON QWLDOUTU

I change in index of world production of i evaluated at user prices

(new)!

(all,i, TRAD_COW)

qowu(i) = valuewu(i) - pwu(i) ;

EQUATI ON TRADEBAL i  (al |, i, TRAD. COMM (al |, r, REG)

I comput es change in trade bal ance by commodity and by region (HT#97)!

DTBALI (i,r) = [VXWi,r)/100] * vxwfob(i,r)

- [VIWi,r)/100] * viwcif(i,r) ;
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EQUATI ON TRADEBALANCE  (al |, r, REG)

I conputes change in trade balance (X - M, by region (HT#98)!

DTBAL(r) = [VXWREA ON(r)/100] * vxweg(r) - [VIVWREG ON(r)/100]

* viweg(r) ;

[ |

I TABLO code for multi-region non-static welfare deconposition that can also !

| be used for the static version of the GTAP nodel. Append to GTAP. TAB. !

I Witten by Karen M Huff !

[ |

COEFFI CI ENT (all,i, NSAV._COM) (al | ,r, REG PTAX(i,r)

I Qutput tax on good i in regionr ! ;
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FORMULA (all,i, NSAV._COW) (al |, r, REG

PTAX(i,r) = VOMi,r) - VOA(i,r)

COEFFI CI ENT (all,i, TRAD_ COW) (al |, j, PROD_COMW) (al |, r, REG
I FTAX(i,j,r)
I Tax on use of inported int. good i in industry j in
region r ! ;
FORMULA (all,i, TRAD COW (all,j, PROD_COW) (al |, r, REG

| FTAX(i,j,r) = VIFA(i,j,r) - VIFMi,j,r) ;

CCEFFI CI ENT (all,i, TRAD COW) (all,j,PROD_COMW (all,r, REG
DFTAX(i,j,r)

I Tax on use of domestic int. good i in industry j in
region r !
FORMULA (all,i, TRAD COW) (all,j, PROD_ COW (all,r, REG

DFTAX(i,j,r) = VDFA(i,j,r) - VDFMi,j,r) ;

COEFFI CI ENT (all,i, TRAD_COW) (all,r, REG | PTAX(i,r)
I Tax on private consunption of inported good i in regionr ! ;
FORMULA (all,i, TRAD_ COW) (all,r, REQ

IPTAX(i,r) = VIPA(i,r) - VIPMi,r) ;

COEFFI CI ENT (all,i, TRAD COW) (al |, r, REG  DPTAX(i,r)

I Tax on private consunption of donmestic good i in regionr ! ;
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FORMULA (al |, i, TRAD COW (al |, r, REG

DPTAX(i,r) = VDPA(i,r) - VDPMi,r)

COEFFI CIENT (all,i, TRAD COM (all,r, REG | GTAX(i,r)
I Tax on governnent consunption of inported good i in regionr !
FORMULA (all,i, TRAD_ COMM (al |, r, REG)

I GTAX(i,r) = VIGA(i,r) - VIGMi,r) ;

COEFFI CI ENT (all,i, TRAD_ COW (all,r, REG DGTAX(i,r)
I Tax on governnent consunption of donestic good i in regionr ! ;
FORMULA (all,i, TRAD COW (al |, r, REG

DGTAX(i,r) = VDGA(i,r) - VDGMi,r) ;

CCEFFICIENT (all,i, TRAD COW (all,r,REG (all,s, REG XTAXD(i,r,s)

I Tax on exports of good i fromsource r to destination s ! ;

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

XTAXD(i,r,s) = VXMD(i,r,s) - VXMXi,r,s)

COEFFI CI ENT (all,i, TRAD COW) (al | ,r, REG (all,s, REG MIAX(i,r,s)

I Tax on inports of good i fromsource r in destination s !

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

MIAX(i,r,s) = VIMS(i,r,s) - VIWS(i,r,s) ;

COEFFI CI ENT (al |, r, REG) | NCRATI Q(r)
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I ratio of INCOVE(r) to INC(r) times URATIQ(r) times POPRATIQ(r) ! ;

FORMULA (al |, r, REG)

I NCRATI O(r) = | NCOVE(r)/[1NC(r)*URATI O(r)*POPRATI O(r)] :

EQUATI ON EV_DECOMPOSI TI ON (al | , r, REG)

EV_ALT(r) =

[.

[

01/ 1 NCRATI O(r)] *

sun(i, PROD_COMWM PTAX(i,r) * qo(i,r))

sun( i, NONCAP_COW PTAX(i,r) * qo(i,r))

sun(i, ENDWC_COW  PTAX(i,r) * kr(r))

sun(i, ENDW COW sun{(j, PROD COW ETAX(i,j,r) * qgfe(i,j,r)))

sum(j, PROD_COW sum(i, TRAD_COMWM | FTAX(i,j,r) * qofm(i,j,r)))

sum(j , PROD_COW sum(i, TRAD_COMWM DFTAX(i,j,r) * qgfd(i,j.r)))

sun(i, TRAD_COW | PTAX(i,r) * qpm(i,r))

sun(i, TRAD_COWM DPTAX(i,r) * qpd(i,r))

sun(i, TRAD_COW | GTAX(i,r) * qgm(i,r))

sun(i, TRAD_COWM DGTAX(i,r) * qgd(i,r))

sun(i, TRAD_COW sun(s, REG XTAXD(i,r,s) * gxs(i,r,s)))

sun(i, TRAD_COW sun(s, REG MIAX(i,s,r) * gxs(i,s,r)))

sum(i , ENDW COMM  VOA(i,r) *

[go(i,r)-sum{k, ENDAC_ COW k eq i,qo(i,r)-kr(r)}])
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- VDEP(r) * [deprate(r)+kb(r)]

+ sum(i, TRAD_ COW VOA(i,r) * ao(i,r))

+ sum(i, ENDW COW sun(j, PROD_COW VFA(i,j,r)

*[afe(i,j,r)+ava(j,r)]))

+ sun(j, PROD_ COW sun(i, TRAD COMWM [VIFA(i,j,r)

+VDFA(i ,j,r)]*af(i,j,r)))

+ sum(i, TRAD_COW sum(s, REG, VTWR(i,s,r) * atr(i,s,r)))

+ sum(i, TRAD_COW sun(s, REG VXWD(i,r,s) * pfob(i,r,s)))

+ sum(i, TRAD_COW VST(i,r) * pst(i,r))

+ NETINV(r) * pcgds(r)

- sum(i, TRAD_ COW sunm(s, REG VXWD(i,s,r) * pfob(i,s,r)

+ VIWR(i,s,r) * pt))

- SAVE(r) * psave(r)

+ sum(i, TRAD_COMW VPA(i,r) - VPA(i,r) * INCPAR(i,r)) * up(r)

+ YCR(r)*qyir(r) + YCITR(r)*y_r(r)

+ 100*yfdi _h__(r)+100*yank_h__(r)+100*yanp_h__(r)];

EQUATI ON WWORLDEV

WEV_ALT = sun(r, REG EV_ALT(r)) ;

EQUATI ON CONT_EV_bondr0 (Al l,r, REG

CNTbondr O(r)=[. 01/ I NCRATIQ(r)] *

{YCR(r)*qyir(r) + YCITR(r)*[y_r(r)-prentb(r)]};
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EQUATI ON CONT_EV_ intrater (Al,r, REG

CNTintrater(r)=[.01/ I NCRATI OQ(r)] *ASBDR(r) *rbr(r);

EQUATI ON CONT_EV_bondr (Al ,r, REG

CNTbondr (r)=[. 01/ I NCRATIQ(r)] *

{YCR(r)*qyir(r) + YCTR(r)*[y_r(r)-pbr(r)]}-CNTintrater(r);

EQUATI ON CONT_EV fyr (Al l,r, REQ

CNTfyr(r)=[.0L/ INCRATIQ(r)] *{YCR(r)*qyir(r) + YCTR(r)*y r(r)};

EQUATION CONT_WEV_gor (all,r, REG)

CNTqgor (r) = sum(i, NSAV_COwW

PTAX(i,r) * [.01/INCRATIQ(r)] * qo(i,r) );

EQUATI ON CONT_WEV_qoir (all,i, NSAV_COMM (al |, r, REG)

CNTqoir(i,r) = PTAX(i,r) * [.0L/INCRATIQ(r)] * qo(i,r) ;

EQUATION CONT_VEV gfer (all,r, REG

CNTgfer(r) = sunm(i, ENDW COW sun(j, PROD_COWM

ETAX(i,j,r) * [.01/INCRATIO(r)] * qgfe(i,j,r) )) :

EQUATI ON CONT_WEV gfeir (all,i, ENDWCOW (all,r, REG

CNTgfeir(i,r) = sun(j, PROD_COMM
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ETAX(i,j,r) * [.0L/INCRATIO(r)] * afe(i,j,r) ) ;

EQUATI ON CONT_WEV gfejr (all,j, PROD_COMM (all,r, REQ)

CNTgfejr(j,r) = sum(i, ENDW COW

ETAX(i,j,r) * [.01/INCRATIO(r)] * qgfe(i,j,r) ) ;

EQUATI ON CONT_WEV_gf ei j

(all,i, ENDWCOW) (all,j, PROD_COMW) (al | , r, REG)

CNTgfeijr(i,j,r) = ETAX(i,j,r) * [.01/INCRATIQ(r)] * gfe(i,j,r) ;

EQUATI ON CONT_WEV_gfnr (all,r, REG

CNTgf v (r) = sun(j, PROD_COMM sun(i, TRAD_COW

| FTAX(i,j,r) * [.01/INCRATIO(r)] * gfn(i,j.,r) )) ;

EQUATI ON CONT_WEV qgf mir (all,i, TRAD_ COMM (al | , r, REG)

CNTgfmir(i,r) = sun(j, PROD_COMM

I FTAX(i,j,r) * [.01/INCRATIQO(r)] * afn(i,j,r) );

EQUATI ON CONT_WEV qgf njr (all,j, PROD_COMM (al |, r, REG)

CNTgfnjr(j,r) = sunm(i, TRAD_COW

IFTAX(i,j,r) * [.0L/INCRATIO(r)] * qfnm(i,j,r) ):

EQUATI ON CONT_VEV_gf i j r

(all,i, TRAD COMM (al | ,j, PROD_ COM) (al |, r, REG)
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CNTgfmijr(i,j,r) = IFTAX(i,j,r) * [.01L/INCRATIQ(r)] * qgfn(i,j,r) ;
EQUATI ON CONT_WEV _gfdr (all,r, REG
CNTgfdr(r) = sum(j, PROD_COW sun(i, TRAD_COVWM
DFTAX(i,j,r) * [.01/INCRATIQO(r)] * qfd(i,j,r) )) ;
EQUATI ON CONT_WEV_qgfdir (all,i, TRAD_ COMW) (al |, r, REG
CNTgfdir(i,r) = sum(j, PROD_COW
DFTAX(i,j,r) * [.01/INCRATIQ(r)] * qfd(i,j,r))
EQUATI ON CONT_WEV _gfdjr (all,j,PROD_COW (all,r, REG
CNTgfdjr(j,r) = sum(i, TRAD_COVW
DFTAX(i,j,r) * [.01/INCRATIQO(r)] * qfd(i,j,r) );
EQUATI ON CONT_WEV _gfdijr
(all,i, TRAD_ COW) (all,j,PROD_COW) (al |, r, REG
CNTgfdijr(i,j,r) = DFTAX(i,j,r) * [.0L/INCRATIQ(r)] * qfd(i,j,r) ;
EQUATI ON CONT_WEV_gpmr (al |, r, REG
CNTgpnr (r) = sun(i, TRAD_COW
I PTAX(i,r) * [.O0L/INCRATIO(r)] * gpn(i,r) ) ;
EQUATI ON CONT_WEV_gpmir (all,i, TRAD COW (all,r, REG
CNTgpmir(i,r) = IPTAX(i,r) * [.01/INCRATIO(r)] * qpn(i,r) ;
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EQUATI ON CONT_WEV_gpdr (all,r, REG

CNTgpdr (r) = sum(i, TRAD_COW

DPTAX(i,r) * [.01/INCRATIQ(r)] * qgpd(i,r) ) ;

EQUATI ON CONT_WEV_qpdir (all,i, TRAD_ COMM (al | , r, REG)

CNTgpdir(i,r) = DPTAX(i,r) * [.0L1/INCRATIQ(r)] * gpd(i,r)

EQUATI ON CONT_WEV_qgnt (al |, r, REG)

CNTqgnr (r) = sum(i, TRAD_COW

| GTAX(i,r) * [.01/INCRATIQ(r)] * qgm(i,r) ) ;

EQUATI ON CONT_WEV_qgnmir (all,i, TRAD_ COMM (al | , r, REG)

CNTggmir(i,r) = IGTAX(i,r) * [.01/INCRATIQ(r)] * qgm(i,r) ;

EQUATI ON CONT_WEV_qgdr (al I, r, REG)

CNTqgdr (r) = sum(i, TRAD_COW

DGTAX(i,r) * [.01/INCRATIQ(r)] * qgd(i,r) ) ;

EQUATI ON CONT_WEV_qgdir (all,i, TRAD_ COMM (al | , r, REG)

CNTqgdir(i,r) = DGTAX(i,r) * [.01/INCRATIQ(r)] * qgd(i,r) ;

EQUATI ON CONT_WEV_gxsr (all,r, REG

CNTgxsr(r) = sum(i, TRAD_ COW sun(s, REG,

XTAXD(i,r,s) * [.01/INCRATIQ(r)] * gxs(i,r,s) )) ;
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EQUATI ON CONT_WEV_gxsir (all,i, TRAD COW (all,r, REG

CNTgxsir(i,r) = sums, REG

XTAXD(i,r,s) * [.01/INCRATIQ(r)] * gxs(i,r,s)) ;

EQUATI ON CONT_WEV_gxsrs (all,r, REG (all, s, REG

CNTgxsrs(r,s) = sum(i, TRAD_COVW

XTAXD(i,r,s) * [.01/INCRATIQ(r)] * gxs(i,r,s) );

EQUATI ON CONT_WEV_gxsirs (all,i, TRAD COW (all,r, REG (all,s, REG

CNTgxsirs(i,r,s) = XTAXD(i,r,s) * [.01/INCRATIQ(r)] * gxs(i,r,s) ;

EQUATI ON CONT_WEV gint (al |, r, REG)

CNTqgi nt (r) = sun(i, TRAD_ COW sun(s, REG

MIAX(i,s,r) * [.0L/INCRATIQ(r)] * agxs(i,s,r) )) ;

EQUATI ON CONT_WEV qgimr (all,i, TRAD COW (all,r, REG

CNTqimr(i,r) = sums, REG

MIAX(i,s,r) * [.O0L/INCRATIO(r)] * qgxs(i,s,r) ) ;

EQUATI ON CONT_WEV_qi msr (all,s,REGQ (all, r, REG

CNTqi msr (s, r) = sum(i, TRAD_COVWM

MTAX(i,s,r) * [.0L/INCRATIQ(r)] * gxs(i,s,r) ) ;
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EQUATI ON CONT_WEV_gi misr (all,i, TRAD. COW) (al |, s, REG) (al | , r, REG)

CNTgimsr(i,s,r) = MIAX(i,s,r) * [.01/INCRATIQ(r)] * gxs(i,s,r) ;

EQUATI ON CONT_EV_al l effr (all,r, REG

CNTal l effr(r) = [.01/INCRATIQ(r)] *

[ sum(i, PROD_COW PTAX(i,r) * qo(i,r))

+ sum(i, NONCAP_COW PTAX(i,r) * qo(i,r))

+ sum(i, ENDWC_COW PTAX(i,r) * kr(r))

+ sun(i, ENDW COMM sun(j, PROD COW ETAX(i,j,r) * gfe(i,j.r)))

I Allocative efficiency fromcapital nust be represented in terms of gfes and

gfed. !

| - sum(i, ENDAC_COMM sun{j, PROD COMM ETAX(i,j,r) * qfe(i,j,r)))!

+ sun(j, PROD_COW sum(i, TRAD COMW | FTAX(i,j,r) * afm(i,j,r)))

+ sum(j, PROD_COW sum(i, TRAD_COWM DFTAX(i,j,r) * ofd(i,j,r)))

+ sum(i, TRAD_COW | PTAX(i,r) * gpn(i,r))

+ sum(i, TRAD_COW DPTAX(i,r) * qgpd(i,r))

+ sum(i, TRAD_ COW | GTAX(i,r) * qgn(i,r))

+ sum(i, TRAD_COW DGTAX(i,r) * qgd(i,r))

+ sum(i, TRAD_COW sum(s, REG XTAXD(i,r,s) * gxs(i,r,s)))

+ sum(i, TRAD_ COW sun(s, REG MIAX(i,s,r) * qxs(i,s,r))) 1

+ CNTal l efffdi(r) ;

EQUATI ON CONT_EV al leffir (all,i, TRAD. COW) (all,r, REG

CNTal leffir(i,r) = [.01/INCRATIO(r)] *
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[ PTAX(i,r) * qo(i,r)

+ sum(j, PROD_COWM | FTAX(i,j,r) * ofnm(i,j,r))

+ sun(j, PROD_COW DFTAX(i,j,r) * afd(i,j,r))

+ I PTAX(i,r) * qgpn(i,r)

+ DPTAX(i,r) * qpd(i,r)

+ | GTAX(i,r) * qgn(i,r)

+ DGTAX(i,r) * qgd(i,r)

+ sunm(s, REG, XTAXD(i,r,s) * gxs(i,r,s))

+ sum(s, REG, MIAX(i,s,r) * gxs(i,s,r)) 1 ;

EQUATI ON CONT_EV totr (all,r, REG

CNTtotr(r) = [.0L/INCRATI(r)] *

[ sum(i, TRAD_COWM sun(s, REG {VXWD(i,r,s) * pfob(i,r,s)}))

+ sun(i, TRAD_ COMWM VST(i,r) * pst(i,r))

- sum(i, TRAD_COW sumn(s, REG {VIW5(i,s,r) *

[FOBSHR(i, s, r)*pfob(i,s,r) + TRNSHR(i,s,r)*pt]} ))];

EQUATI ON CONT_EV_cgdsr (all,r, REG

CNTcgdsr(r) =

[.0L/INCRATIQ(r)] * [NETINV(r) * pcgds(r)

-SAVE(r) * psave(r)] ;

EQUATI ON CONT_EV pricer0 (Al,r, REG

CNTpricer0(r)=CNTcgdsr (r)+CNTtotr (r)+CNTpcapr(r)+
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[.0L/INCRATIO(r)]*[ YO TR(r) *prentb(r)];

EQUATI ON CONT_EV_pricerl (Al,r, REQG

CNTpricer1(r)=CNTcgdsr (r)+CNTtotr(r)+CNTpcapr(r)+

[.0L/INCRATIQ(r)]*[ YO TR(r)*pbr(r)];

EQUATI ON CONT_EV._pbr (Al l, r, REG)

CNTpbr (r)=[. 01/ I NCRATI O(r)] *[ NETI NV(r)-SAVE(r) +YCI TR(r)] *pbr(r);

EQUATI ON CONT_EV_pricer (Al,r, REQ

CNTpricer(r)=CNTtotr(r)+CNTpcapr (r)+CNTpbr(r);

EQUATI ON CONT_EV_endwr (al |, r, REG)

CNTendwr (r) = [.01/INCRATIQ(r)] * [ sum(i, ENDW COVWM

VOA(i , 1) *

[go(i,r)-sum{k, ENDAC_ COMWM k eq i,qo(i,r)-kr(r)}1)];

EQUATI ON CONT_EV_endwir (al |, i, ENDW.COMM (al | , r, REG)

CNTendwi r (i, r) = [.O0L/INCRATIO(r)] * [VOA(i,r) *

(go(i,r)-sum k, ENDWC COM k eq i,qo(i,r)-kr(r)})];

EQUATI ON CONT_EV_techr (all,r, REG

CNTtechr(r) = [.01/INCRATIQ(r)] *

[ sum(i, PROD_COMW VOA(i,r) * ao(i,r))
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+ sum(i , ENDW COW sun{(j , PROD_COMM VFA(i,j,r) *

[afe(i,j,r) + ava(j,r)]))

+ sum(j , PROD_COWM sun(i, TRAD_COW {VI FA(i ,j,r) +

VDFA(i ,j,r)}*af(i,j.r)))

+ sun(i, TRAD COMW sun(s, REG {VTWR(i,s,r) * atr(i,s,r)} )) 1]

-CNTal | ef ffdi(r);

EQUATI ON CONT_EV_tech_aor (all,r, REG

CNTtech_aor(r) = [.01/INCRATIO(r)] *

[ sunm(i, PROD_COW VOA(i,r) * ao(i,r)) | ;

EQUATI ON CONT_EV_tech_aoir (all,i, PROD_COMW (al |, r, REG

CNTtech_aoir(i,r) = [.01/INCRATIQ(r)] * VOA(i,r) * ao(i,r) ;

EQUATI ON CONT_EV_tech_afer (all,r, REG

CNTtech_afer(r) = [.01/I NCRATIO(r)] *

[ sum(i, ENDW COW sum(j, PROD COW VFA(i,j,r) * afe(i,j,r) )) 1 ;

EQUATI ON CONT_EV_tech_afeir (all,i, ENDW.COW) (all,r, REG

CNTtech_afeir(i,r) = [.0L/INCRATIQ(r)] *

[ sun(j, PROD_COW VFA(i,j,r) * afe(i,j,r) ) 1 ;

EQUATI ON CONT_EV tech_afejr (all,j, PROD_COW (all,r, REG

CNTtech_afejr(j,r) = [.01/1 NCRATIO(r)] *
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[ sum(i, ENDW COW VFA(i,j,r) * afe(i,j,r) ) 1 ;

EQUATI ON CONT_EV_tech_afeijr

(all,i, ENDNW.COMM (al | ,j, PROD_ COMM (al |, r, REG)

CNTtech_afeijr(i,j,r) = [.0L/INCRATIO(r)] * VFA(i,j,r) *

afe(i,j,r) ;

EQUATI ON CONT_EV_tech_avar (all,r, REG

CNTtech_avar(r) = [.01/I NCRATIO(r)] *

[ sun(i, ENDW COW sun(j, PROD_COW VFA(i,j,r) * ava(j,r) )) ] ;

EQUATI ON CONT_EV_tech_avair (all,i, ENDWCOW (all,r, REG

CNTtech_avair(i,r) = [.01/INCRATIQ(r)] *

[ sun(j, PROD_COW VFA(i,j,r) * ava(j,r) ) 1]

EQUATI ON CONT_EV_tech_avajr (all,j, PROD_COW (all,r, REG

CNTtech_avajr(j,r) = [.01/INCRATIQ(r)] *

[ sun(i, ENDW COW VFA(i,j,r) * ava(j,r) ) 1 ;

EQUATI ON CONT_EV_tech_avaijr

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

CNTtech_avaijr(i,j,r) = [.0L/INCRATIO(r)] * VFA(i,j,r) * ava(j,r) ;

EQUATI ON CONT_EV_tech_afr (all,r, REG
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CNTtech_afr(r) = [.0l/INCRATIO(r)] *

[ sun(j, PROD_COMM sun{i, TRAD COWM {VI FA(i,j,r) + VDFA(i,j.r)}

*af (i.j,0))] ;

EQUATI ON CONT_EV tech_afjr (all,j,PROD_COW (all,r, REG

CNTtech_afjr(j,r) = [.01/I NCRATIO(r)] *

[ sun(i, TRAD_COW {VI FA(i,j,r) + VDFA(i,j,r)}*af(i,j,r) ) 1 ;

EQUATI ON CONT_EV_tech_afir (all,i, TRAD COW) (al |, r, REG)

CNTtech_afir(i,r) = [.01/I NCRATIO(r)] *

[ sun(j, PROD_COMW {VI FA(i,j,r) + VDFA(i,j,r)}*af(i,j,r) ) 1 ;

EQUATI ON CONT_EV_tech_afijr

(all,i, TRAD_ COW) (all,j, PROD_COM) (al | , r, REG)

CNTtech_afijr(i,j,r) = [.0L/INCRATIQ(r)] *

[VIFACi ,j,r) + VDFA(i,j,r)] * af(i,j,r) ;

EQUATI ON CONT_EV_tech_atrr (all,r, REG

CNTtech_atrr(r) = [.01/I NCRATIO(r)] *

[ sum(i, TRAD_ COW sum(s, REG {VTWR(i,s,r) * atr(i,s,r)} )) ] ;

EQUATI ON CONT_EV_tech_atrir (all,i, TRAD_ COW) (al |, r, REG

CNTtech_atrir(i,r) = [.0L/INCRATIQ(r)] *

[ sum(s, REG {VTWR(i,s,r) * atr(i,s,r)} ) 1 ;
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EQUATI ON CONT_EV tech_atrsr (all,s,REG (all,r, REG
CNTtech_atrsr(s,r) = [.01/INCRATIQ(r)] *

[ sum(i, TRAD_ COMM {VTWR(i,s,r) * atr(i,s,r)} ) 1 ;

EQUATI ON CONT_EV_tech_atrisr (all,i, TRAD COW (all,s, REQ (all,r, REG
CNTtech_atrisr(i,s,r) = [.0L/INCRATIQ(r)] * VIWR(i,s,r) *

atr(i,s,r)

EQUATI ON CONT_EV_kbr (all, r, REG)

CNTkbr(r) = - [.0L1/INCRATIQ(r)] * VDEP(r) * [deprate(r)+kb(r)]

EQUATI ON CONT_EV_MJr (al |, r, REG)
ONT_MUr(r) = [.01/INCRATIO(r)] *

[ sum(i, TRAD_COMM VPA(i,r) - VPA(i,r) * INCPAR(i,r)) * up(r) ] ;

EQUATI ON CONT_EV_MJir (all,i, TRAD COW (all,r, REG
CNT_MJir(i,r) =[.0L/INCRATIQ(r)] *

[ (VPA(i,r) - VPA(i,r) * INCPAR(i,r)) * up(r) 1;

I R N |

I Welfare deconposition for FDI extension !

| R |
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! Foreign capital neans capital which | own in other regions.

Forei gn owned capital neans capital which foreigners own in ny region. !

EQUATI ON

CONT_EV_ror_hhi (All,i, TRAD COMW) (Al |, s, HOVE) (Al |, d, host)

CNTror _hhi (i,s,d)=[.01/INCRATI Q(s)]*VFDI _HHI (i,s,d)*c_trr_hhi (i,s,d);

CONT_EV ror__hi (All,i, TRAD COW) (Al I, d, host)

CNTror __hi (i, d)=-sums, HOVE, | NCRATI Q(s)/ | NCRATI O(d) *CNTr or _hhi (i,s,d)};

CONT_EV ror_h_i (All,i, TRAD COW) (Al |, s, HOVE)

CNTror _h_i(i,s)=sun{d, dest, CNTror _hhi (i,s,d)};

CONT_EV_ror_hh_ (Al ,s, HOE) (Al |, d, host)

CNTror _hh_(s, d)=sun{i, TRAD_COW CNTror _hhi (i,s,d)};

CONT_EV_ror__h_ (AI, d, host)

CNTror __h_(d)=-sun{s, HOVE, | NCRATI O(s) /| NCRATI Q(d) *CNTror _hh_(s,d)};

CONT_EV_ ror_h__ (All, s, HOVE)

CNTror _h__(s)=sunm{d, dest, CNTror _hh_(s,d)};
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CONT_EV_cap_hhi (All,i, TRAD COW) (Al |, s, HOVE) (Al |, d, host)

CNTcap_hhi (i,'s, d)=[. 01/ | NCRATI O(s)]*VINC_HHI (i, s, d)*k_hhi (i, s, d);

CONT_EV_cap__hi (All,i, TRAD COM) (Al |, d, host)

CNTcap__hi (i, d)=-sum{s, HOVE, | NCRATI (s)/ | NCRATI O(d) *CNTcap_hhi (i, s, d)};

CONT_EV_cap_h_i (Al,i, TRAD._ COM (Al |, s, HOVE)

CNTcap_h_i (i,s)=sun{d, dest, CNTcap_hhi (i, s, d)};

CONT_EV_cap_hh_ (All,s, HOVE) (Al |, d, host)

CNTcap_hh_(s, d)=sunm{i, TRAD_COW CNTcap_hhi (i, s, d)};

CONT_EV_cap__h_ (All,d, host)

CNTcap__h_(d)=-sun{s, HOVE, | NCRATI O(s) /| NCRATI O(d) *CNTcap_hh_(s,d)};

CONT_EV_cap_h__ (All, s, HOVE)

CNTcap_h__(s)=sun{d, dest, CNTcap_hh_(s,d)};

CONT_EV_pcap_hhi (All,i, TRAD_COW) (Al |, s, HOVE) (Al | , d, host)

CNTpcap_hhi (i,s,d)=[.01/1 NCRATI (s)]*VINC HHI (i, s, d)*pcgds(d);

CONT_EV_pcap__hi (All,i, TRAD_ COW) (Al |, d, host)

CNTpcap__hi (i, d)=-sun{s, HOVE, | NCRATI O(s) /| NCRATI Q(d) * CNTpcap_hhi (i,s, d)};
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CONT_EV_pcap_h_i (Al,i, TRAD_ COW) (Al |, s, HOVE)

CNTpcap_h_i (i, s)=sum{d, dest, CNTpcap_hhi (i, s, d)};

CONT_EV_pcap_hh_ (All,s, HOVE) (Al'l, d, host)

CNTpcap_hh_(s, d) =sur{i, TRAD_COW CNTpcap_hhi (i, s, d)};

CONT_EV_pcap__h_ (All, d, host)

CNTpcap__h_(d)=-sun{s, HOVE, | NCRATI Q(s) /| NCRATI O(d) *CNTpcap_hh_(s, d)};

CONT_EV_pcap_h__ (AI, s, HOE)

CNTpcap_h__(s)=sun{d, dest, CNTpcap_hh_(s,d)};

CONT_EV_ror (All,s, REG

CNTror(s)=CNTror_h__ (s)+CNTror__h_(s);

CONT_EV_capr (All, s, REG

CNTcapr (s) =CNTcap_h__(s) +CNTcap__h_(s);

CONT_EV_pcapr (Al I, s, REG

CNTpcapr (s) =CNTpcap_h__(s) +CNTpcap__h_(s);

E_check_EV_FDI (All, s, HOVE)

check_EV_FDI (s)=yfdi _h__(s)-1NCRATIQs)*

{CNTror_h__(s)+CNTror__h_(s)+
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CNTcap_h__(s)+CNTcap__h_(s) +

CNTpcap_h__(s)+CNTpcap__h _(s)};

EQUATI ON E_check_EV (Al |, r, REQ

check _EV(r)=EV(r)-{CNTal |l effr(r)+CNTendw (r)+CNTpri cer (r)+CNTkbr (r)+

CNTbondr (r) +CNTi ntrater (r) +CNT_MJr (r) +

CNTcapr (r)+CNTror (r) +

| FTAP ADD. Need to include technical efficiency as sone tech change vari abl es

nmust be endogeni sed in FTAP to ensure internal consistency of the

GTAP nodul e

CNTanrr_h__(r)+CNTanend_h__(r)+CNTanpk_h__(r)+

CNTt echr (r) +CNTant o_h__(r) +CNTanqo_h__(r) +CNTanpo_h__(r)

I +CNTgfes__h_(r)!};

[ |
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! Conputations for deconposition the terms-of-trade effect

! Reference: Rob MDougal |, SALTER No. 12 Worki ng Paper

| IR B |

CCEFFICIENT (all,i, TRAD COW) (all,r,REG (all,s, REG SX I RS(i,r,s)

! share of exports of good i fromregionr tos ! ;

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

SX IRS(i,r,s) = VXD(i,r,s) / [ sumk, REG VXWD(i,r,k))

+ VST(i,r) ] ;

COEFFI CI ENT (all,i, TRAD._ COW) (al | , r, REG SXT_IR(i,r)

! share of margins in exports of good i fromregionr ! ;

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

SXT_IR(i,r) = VST(i,r) / [ sumk, REG VXWXi,r,k))

+ VST(i,r) ] ;

COEFFI CI ENT (al |, i, TRAD_COWM) VSTCOWM( i )

# margin exports of conmodity i # ;

FORMULA (all,i, TRAD COW) VSTCOMMi) = sun{r, REG VST(i,r)} ;

COEFFI Cl ENT GLOBVST

# gl obal margins supply # ;

FORMULA GLOBVST = sun{r, REG, sun{i, TRAD COW VST(i,r)}}
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COEFFI CI ENT (all, i, TRAD_COW) SSMARG | (i)

# share of commodity i in global margins supply # ;

FORMULA (al |, i, TRAD COW)

SSMARG | (i) = VSTCOMMi) / GLOBVST ;

COEFFI CI ENT (al |, r, REQ) VTI (1)

I value of total costs for inports into regionr ! ;

FORMULA (all, s, REG

VTl (s) = sum(r, REG sun(i, TRAD_ COMWM VTWR(i,r,s)));

COEFFI CI ENT (all,i, TRAD_COW) (al |, s, REG VTI COWMi , s)
# margin usage of comy i in provision of inports to region s # ;
FORMULA (all,i, TRAD_COW) (al |, s, REG

VTI COMM(i ,s) = SSMARG | (i) * VTI(s)

COEFFI CI ENT (al |, i, TRAD COMM (al |, r, REG) (al | , s, REG) SMIRS(i,r,s)

I share of inports of good i intos fromr,

val ued at FOB prices ! ;

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

SMIRS(i,r,s) = VXWD(i,r,s) / [sumk, REG VXWDXi,k,s)) +

VTI COWM i, s)];

COEFFI CIENT (all,i, TRAD COW) (al |, r, REG) SMI_IR(i, 1)
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I share of transport cost in inports of margin

commodity !

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

SMI_IR(i,s) = VIICOMi,s) / [sum(k, REG VXWi,k,s)) +

VTI COWMi , s) ]

CCEFFI CIENT (all,i, TRAD COMW) (all,r, REG SX_IR(i,r)
! share of good i in total exports fromr !

FORMULA (all,i, TRAD COMM (al |, r, REG)

SX_IR(i,r) =[ sums, REG VXWXi,r,s)) + VST(i,r) ] /

[ sunm(m TRAD_COWM sum(s, REG VXWD(mr,s)) + VST(mr))];

COEFFI CI ENT (al |, i, TRAD COMM (al |, r, REG) SMIR(i,r)

! share of good i in total inports intor !

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

SMIR(i,s) =[ sumr, REG VXWD(i,r,s)) + VIICOWi,s) ] /

[ sum(m TRAD COW sun(r, REG VXWD(mr,s))) + VTI(s) ];

COEFFI CI ENT (al |, i, TRAD COMM (al |, r, REG) SWIR(i,r)

! share of region r exports in world total for good i ! ;

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

SWIR(i,r) =[ sun(s, REG VXWD(i,r,s)) + VST(i,r)] /

[ sum(k, REG sum(s, REG VXWDXi,k,s)) + VST(i, k))];
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COEFFI CI ENT (al |, i, TRAD_COW) SWI (i)

I share of exports of i in world total !

FORMULA (al |, i, TRAD COW)

SWI(i) =[sunm(r, REG sun(s, REG VXWD(i,r,s)) + VST(i,r))] /

[ sun(k, TRAD COW sum(r, REG, sun(s, REG VXWD(k,r,s)) + VST(k,r)))];

I T B T |

EQUATI ON EXPPRI CE1

I Price index for total exports of i fromr !

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

px_ir(i,r) = sums, REG SX IRS(i,r,s) * pfob(i,r,s))

+ SXT_IR(i,r) * pst(i,r) ;

EQUATI ON | MPPRI CE1

I Price index for total inports of i in s !

(all,i, TRAD_ COM) (al |, s, REG)

pmir(i,s) = sumr,REG SMIRS(i,r,s) * pfob(i,r,s))

+ SMI_IR(i,s) * pt ;

EQUATI ON WRLDPRI CEi

I world export price index for good i !
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(all,i, TRAD_COW)

px_i (i) = sumr,REG SWIR(i,r) * px_ir(i,r))

EQUATI ON WRLDPRI CE

! world export price index for all goods !

px_ = sum(i, TRAD COW SWI(i) * px_i(i)) ;

EQUATI ON c1_irEQ

I contribution of world export price index of good i to ToT for

region r !

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

cl_ir(i,r) = [SXIR(i,r) - SMIR(i,r)] * [px_i(i) - px_] ;

EQUATION c2_irEQ

I contribution of regional export price of good i for region r !

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

c2_ir(i,r) = SXIR(i,r) * [px_ir(i,r) - px_i(i)]

EQUATI ON ¢3_i rEQ

I contribution of inports price index of good i for regionr !

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

c3_ir(i,r) = SMIR(i,r) * [pmir(i,r) - px_i(i)] ;

EQUATI ON c1_rEQ
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I contribution of world price indexes of all goods to ToT for r !

(all,r, REG

cl r(r) = sunm(i, TRAD COW cl_ir(i,r)) ;

EQUATI ON c2_r EQ

I contribution of regional exports prices to ToT for r !

(all,r, REG

c2 r(r) = sun(i, TRAD COWM c2_ir(i,r)) ;

EQUATI ON c3_r EQ

I contribution of regional inport prices to ToT for r !

(all,r, REG

c3_r(r) = sun(i, TRAD COW c3_ir(i,r)) ;

EQUATI ON TOT2eq

I Trade terns for region r, conmputed from conponents !

(all,r, REG

tot2(r) cl r(r) +c2_r(r) - c3_r(r) ;

! END OF GTAP. TAB FI LE
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R NN

This nodule follows the | CM extension nade to SALTER as docunented in

McDougal I, R, (1993) "lncorporating International Capital Mbility into

SALTER', SALTER wor ki ng paper no.21, I|ndustry Conmi ssion, Canberra, June

To aid in understanding this extension with respect to SALTER, SALTER

vari abl e/ coefficient/parameter and equati on nanes have been used. \ere

new nanes have been created it has only been due to the name having

al ready been declared in the original GIAP tab file. SALTER vari abl es/

coefficients which have GTAP equival ents are set equal to these, and the

SALTER vari abl e/ coefficient nanmes are retained in the new equations. Thus,

the new equations are as sinmlar as possible to the original equations in

SALTER

R N

THEFTAPTABLO
CODE

471



COEFFI CI ENT (all, r, REG) RTI VKPR(r)

# ratio of investment to capital, by region #

COEFFI CIENT (all,r, REG RTKPANR(T)

# average rate of abnormal return on capital, by region #;

COEFFI CIENT (all,r, REG ENANKPR(r)

# abnornal earnings of capital, by region #;

COEFFI CI ENT (all, r, REG RTKPGRR(r)

# average gross rate of return on capital, by region #

COEFFI CI ENT (all,i, TRAD COW) (al |, r, REG)

RTKPANRI (i, 1)

# rate of abnornal return on capital, by region and industry #;

COEFFI CIENT (al |, i, TRAD COMM (al |, r, REG) SKT(i,r)

# share of industry i in capital stock of region r #

COEFFI CIENT (al |, r, REG YCHHPVR(r)

# househol d pre-transfer incone, by region #

COEFFI Cl ENT EPCS # worl d consunption expenditure #;
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CCEFFICIENT (all,r,REG SVR(r) # saving, by region #;

COEFFI CIENT (al |, r, REG SPGVR(r)

# governnent surplus on current transactions, by region #

COEFFI CIENT (al |, r, REG OLGVR(r)

# governnent current outlays, by region #

COEFFI CI ENT (all,r, REG CEACWGVO2R(r)

# governnent weal th accunul ation coefficient #;

COEFFI CI ENT (all,r, REG CEACWGVO1R(r)

# governnent weal th accunul ation coefficient #;

COEFFI CI ENT (all,r, REG CEACWHHO2R(r)

# househol d weal th accunul ati on coefficient #

COEFFI CIENT (al |, r, REG) SVT(r)

# private househol d savings, by region #

COEFFI CI ENT (all,r, REG CEACWHHO1R(r)

# househol d weal th accunul ati on coefficient #;
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COEFFI CIENT (al |, r, REG ASHHR(r)

# private household wealth, by region #

COEFFI CIENT (al |, r, REG ASEQR(r)

# equity in productive assets, by region #

COEFFI CI ENT (all,r, REG ASLNR(r) # value of land, by region #;

COEFFI CI ENT (al |, r, REG ASLNRR(r)

# val ue of natural resources, by region #;

COEFFI CIENT (al |, r, REG ASGVR(r)

# net government ownership of bonds, by region #;

COEFFI CI ENT (al |, r, REG ASHHBDR(r)

# net househol d ownershi p of bonds, by region #

COEFFI Cl ENT ASBD # world net ownership of bonds #;

CCEFFI CI ENT YC # world nom nal incone #;

COEFFI CI ENT (all,j, TRAD COW) (al |, r, REG COSTINP(j,r)

# tot cost of inps to ind excl ind taxes, by ind and reg #;
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COEFFI CI ENT (all,r, REG) YCEQR(r)

# equity (in productive assets) incone, by region #

COEFFI CI ENT (all,j, TRAD. COW) (al |, r, REG RTKPGRRI (j,r)

# gross rate of return on capital, by region and industry #;

COEFFI CIENT (all,r, REG RVTXYCR(r) # incone tax, by region #;

COEFFI CI ENT (all,j, TRAD._ COW) (al |, r, REG ENANKPRI (j,r)

# abnormal earnings of capital, by region and industry #;

CCEFFICIENT (all,r, REG YCHHR(r) # household incone, by region #

COEFFI CI ENT (all,j, TRAD. COW) (al | ,r, REG LAB(j,r)

! paynents to | abour(tax-incl), by industry and region !

FORMULA (all,j, TRAD COW) (al |, r, REG

LAB(j,r) = sum(l,LABOR, VFMI,j,r));

COEFFI CI ENT (al |, j, TRAD COMM (al |, r, REG LND(j,r)

lreturns to land (tax-excl), by industry and region!;

FORMULA (all,j, TRAD COMW) (al | , r, REG)

LND(j,r) = sum(n, LAND, VFMn,j,r));
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COEFFI CI ENT (all,j, TRAD COMW) (al |, r, REG NRS(j,r)

Ireturns to land (tax-excl), by industry and region!;

FORMULA (all,j, TRAD COW (al |, r, REG

NRS(j,r) = sun(nr, NATRES, VFMnr,j,r));

COEFFI CIENT (al |, j, TRAD COMM (al |, r, REG) CAP(j,r)

# fixed capital earnings, by region and industry #;

FORMULA (all,j, TRAD COW (al |, r, REG

CAP(j,r) = sun(k, ENDNC_ COMWM VFMK,j,r));

COEFFI CI ENT (all,r, REG LTT(r) # |abour income, by region #;

FORMULA (all,r, REG LTT(r) = sun{(j, TRAD COW LAB(j,r));

COEFFI CIENT (all,r,REG KTT(r) # agg returns to capital, by region #;

FORMULA (all,r, REG KTT(r) = sun{(j, TRAD COWM CAP(j,r));

COEFFI CIENT (all,r, REG MIT(r) #agg returns to |and, by region #

FORMULA (all,r, REG MIT(r) = sun{(j, TRAD COW LND(j,r));

COEFFI CIENT (all,r, REG NTT(r) #agg returns to natural res, by reg#;

FORMULA (all,r, REG NTT(r) = sun(j, TRAD._ COMM NRS(j,r));

COEFFI CI ENT (all,r, REG YCHHPPR(r) # hhold prop income, by region #;
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COEFFI CI ENT (al |, r, REG YCHHPPRTAX(r)

#househol d property income which is taxed#;

(Al'l,r, REG YOUTI MPTAX(r);

(All,r, REG) YKAPI MPTAX(r);

COEFFI CI ENT (al |, r, REG YCHHPPRLOC(r)

# hhol d prop incone |less FDI income, by region #;

COEFFI CI ENT (all,i, TRAD_ COW) (all,r, REG DI NV(i,r)
I tax-exclusive invst expen on donestic comodity i in regionr !;
FORMULA (all,i, TRAD_COW) (al |, r, REG

DINV(i,r) = sun{c, CGDS_COW VDFMi,c,r));

CCEFFI CIENT (all,i, TRAD COMWM (all,r, REG TIRD(i,r)
I commpdity taxes on DINV !;
FORMULA (all,i, TRAD COMM (al |, r, REG)

TIRD(i,r) = sum(c, CGDS_COW DFTAX(i,c,r));

CCEFFI CIENT (all,i, TRAD COW (all,r, REG FINV(i,T)
I tax-exclusive investnment expenditure on domestic comodity
i inregionr !;

FORMULA (all,i, TRAD COW) (al |, r, REG
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IINV(i,r) = sun(c, CGDS_COW VIFMi,c,r));

COEFFI CIENT (al |, i, TRAD COMM) (al |, r, REG) TIRI(i,r)

I conmmodity taxes on [INV !;

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

TIRI(i,r) = sum(c, CGDS_COW | FTAX(i,c,r));

COEFFI CI ENT (all,r, REG RTEQR(r)

# real rate of return on equity, by region #

CCEFFICIENT (all,r, REG YFNT(r) # net (of depreciation) factor inc #;

FORMULA (al |, r, REG)

YENT(r) = LTT(r) + KTT(r) + MIT(r) + NTT(r) - VDEP(r);

I FTAP - Share of output rent which is tax revenue. Used for incone

accounting with respect to revenue from output inpedinments.

I WARNING This equation is very hard-wired at the monent. It sets SHPTAX

constant at 1 for everything except commodity 3, which is constant

at 0. This suits the three commpdity aggregati on where all output

rents fromTertiary are due to inpedinments to continued operations.

War ni ng applies to SHXTAX al so.
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FORMULA (Initial) & EQUATION (Levels) E_c_SHPTAX (All,i, PROD_ COW) (A |, r, REG)

SHPTAX(i, r)=1-10*!1F[ $POS(i , PROD_COW) =3, 1] ;

FORMULA (Initial) (All,i, TRAD COMM (Al l,s, SOURCE) (Al |, d, DEST)

SHXTAXD(i , s, d) =1- | F[ $POS(i , TRAD_COWM) =3, 1- TYPR L(s)];

EQUATI ON E_c_SHXTAXD (Al |, i, TRAD_ COW) (Al | , s, SOURCE) (Al | , d, DEST)

C_SHXTAXD(i,s, d)=0.01*TYPR_L(s)*typr(s);

COEFFI CI ENT (al |, r, REG) GRCOMT(r)

# total governnent revenue fromcomodity taxes #;

FORMULA (al |, r, REG

GROOMT(r) = sum(i, TRAD_ COMM sun(j, TRAD_COMM DFTAX(i,j.r)))

+ sum(i, TRAD_COW sun(j, TRAD COMM , | FTAX(i,j,r)))

+ sum(i, TRAD. COMM TIRD(i,r)) + sun(i, TRAD. COM TIRI (i, r))

+ sum(i, TRAD._ COMM DPTAX(i,r)) + sun(i, TRAD COW | PTAX(i,r))

+ sum(i, TRAD_COW sum(s, REG XTAXD(i,r,s)))

+ sum(i, TRAD_COMW DGTAX(i,r)) + sun(i, TRAD_ COW | GTAX(i,r))

+ sun(i, TRAD_ COW sun(s, REG MIAX(i,s,r)))

+ sum(i, TRAD_COW SHPTAX(i, r)*PTAX(i,r));

COEFFI CI ENT (all,r, REG SLYF(r)

# share of |abour in agg net factor incone #
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FORMULA (all,r, REG) SLYF(r) = LTT(r) / YFNT(r) ;

COEFFI CIENT (all,j, TRAD COMM (al |, r, REG) SKYF(j,r)

# share of capital in agg net factor inconme, by ind and reg #;

FORMULA (all,j, TRAD COM) (al | , r, REG)

SKYF(j,r) = CAP(j,r) [ YENT(r);

COEFFI CI ENT (all,r, REG SMYF(r)

# share of land in agg net factor incone, by region #

FORMULA (all,r, REG SMYF(r) = MIT(r) / YENT(r);

COEFFI CIENT (all,r, REG SNYF(r)

#share of natural resources in agg net factor income, by region#;

FORMULA (all,r, REG SNYF(r) = NTT(r) / YFNT(r);

COEFFI CI ENT (al |, r, REG SDDDF(r)

# share of depreciation in agg net factor incone #

FORMULA (al |, r, REG SDDDF(r) = VDEP(r) / YFNT(r);

COEFFI CI ENT (all, r, REG) EPCSR(r)

# aggregate consunption expenditure, by region #;

FORMULA (al |, r, REG EPCSR(r) = PRIVEXP(r) + GOVEXP(r);

COEFFI CIENT (all,r, REG RECI P_GRCOMI(r) # reciprocal of GRCOMI(r)
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FORMULA (al |, r, REG RECI P_GRCOMI(r) = 1/ GRCOMI(r);

ZERODI VI DE (ZERO BY_ZERO) DEFAULT 0. 0;

ZERODI VI DE ( NONZERO BY_ZERO) DEFAULT 0. 0;

FORMULA RCLGPRSM = 1.0/ LGPRSM

! Pre-tax rate of return on equity !

FORMULA

(A'l,r,REG RTEQR(r)={sunii, ENDANC_ COMM VOV i, r)]-VDEP(r)}/VKB(r);

lequity (in productive assets) incone, by region!

FORMULA (all,r, REG YCEQR(r) = KTT(r) + MIT(r) + NTT(r) - VDEP(r);

lincome tax, by region!

FORMULA (all,r, REG RVTXYCR(r) = RVTXYCLBR(r) + RVTXYCPPR(r);

lcapital tax, by region!

FORMULA (Al l,r, REG) RVTXYCKR(r)=sunii, ENDAC_COMM VOM(i , r) - VOA(i, r)];

I'normal capital earnings, by region!

FORMULA (all,r, REG) KTT(r) = sun(i, TRAD COW CAP(i,r));

ZERCDI VI DE DEFAULT RTBD;
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Igross rate of return on capital, by region and industry!

FORMULA (all,j, TRAD COM) (al | , r, REG)

RTKPGRRI (j,r) = CAP(j,r)/VKBI(j,r);

I total costs of inputs to industry excluding indirect taxes,

by industry and region !

FORMULA (all,j, TRAD COMW) (al |, r, REG COSTINP(j,r)

= sun{i, TRAD_ COW VDFMi,j,r)) + sun(i, TRAD. COWM VIFMi,j,r))

+ sum(i, TRAD_ COW DFTAX(i,j,r)) + sum(i, TRAD COW | FTAX(i,j,r))

I FTAP: Include abnornal rentals to capital in cost of inputs. !

+sun(i , ENDW COVMWM ETAX(i,j,r))

+ LAB(j,r) + CAP(j,r) + LND(j,r) + NRS(j,r);

I governnent receipts, by region!

FORMULA (al |, r, REG ROGVR(r) = RVIXYCR(r) + GRCOMI(r) + RCGVI TR(r);

I net governnent ownership of bonds, by region!

FORMULA (al |, r, REG ASGVR(r) = RCGVI TR(r)/ RTBD;

I'val ue of land, by region!

FORMULA (al |, r, REG ASLNR(r)

MIT(r)/ RR_LAND(r);

I Value of natural resources by region !

FORMULA (al |, r, REG ASLNRR(r) = NTT(r)/RR NATRES(r);
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lequity in productive assets, by region

FORMULA (all,r, REG ASEQR(r) = VKT(r) + ASLNR(r) + ASLNRR(r) ;

ZERODI VI DE DEFAULT 1. 0;

I'househol d weal th accunul ati on coefficient!

FORMULA (all, r, REG

CEACWITHHOLR( 1)

= (1.0 - EXP(- GTYCHHRLR(r)*LGPRSM ) / ( GTYCHHRLR(r ) * LGPRSM ;

ZERODI VI DE DEFAULT 0. 5;

I'househol d weal th accunul ati on coefficient!

FORMULA (al |, r, REG

CEACWIHHO2R(r) = (GTYCHHRLR(r)*LGPRSM - 1.0

+ EXP(- GTYCHHRLR( 1) * LGPRSM) ) / ( GTYCHHRLR( r ) * LGPRSM) ~2;

ZERODI VI DE DEFAULT 1. 0;

I'governnent wealth accunul ation coefficient!

FORMULA (all, r, REG

CEACWIGVO1R(r)

= (1.0 - EXP(- GTYCGVRLR(r)*LGPRSM) )/ ( GTYCGVRLR(r ) * LGPRSM) ;

ZERODI VI DE DEFAULT 0. 5;

I'governnent weal th accunul ation coefficient!
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FORMULA (al |, r, REG)

CEACWIGVO2R(r) = (GTYCGVRLR(r)*LGPRSM - 1.0

+ EXP(- GTYCGVRLR(r) *LGPRSM) ) / ( GTYCGVRLR( 1 ) * LGPRSM) "2;

I governnent current outlays, by region!

FORMULA (al |, r, REG)

OLGVR(r) = GOVEXP(r) + URGVHHR(r) +

sunfi, TRAD_COWM sunf d, DEST, (1- SHXTAXD(i , r, d))*XTAXD(i,r,d)]];

I'government surplus on current transactions, by region!

FORMULA (all,r, REG SPGVR(r) = RCGVR(r) - OLGVR(r);

Iworld consunption expenditurel

FORMULA EPCS = sun(r, REG EPCSR(r)!/ECRT(r)!);

I'share of industry i in capital stock of region r!

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

SKT(i,r) = CAP(i,r)/KTT(r);

l'abnormal returns on capital, by region and industry!

FORMULA (al |, i, TRAD COW (al |, r, REG

ENANKPRI (i, r) =suni k, ENDWC_COWM EVFA(K, i, r)-VFMK,i,r)];

ZERODI VI DE DEFAULT RTBD,
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lrate of abnornal return on capital, by region and industry!

FORMULA (all,i, TRAD COMW) (al | , r, REG)

RTKPANRI (i,r) = ENANKPRI (i,r)/VKBI (i, r);

laverage gross rate of return on capital, by region!

FORMULA (al |, r, REG RTKPGRR(r) = KTT(r)/VKB(r);

l'abnormal earnings of capital, by region!

FORMULA (all,r, REG ENANKPR(r) = sun(i, TRAD COVWM ENANKPRI (i, r));

laverage rate of abnormal return on capital, by region!

FORMULA (all,r, REG)

RTKPANR(r) = ENANKPR(r)/ VKB(r);

lratio of investnent to capital, by region!

FORMULA (al |, r, REG RTIVKPR(r) = REG NV(r)/VKB(r);

CCEFFI CI ENT ASKP # worl d capital stock #;

CCEFFI CI ENT W NVTT # worl d investnment expenditure #;
CCEFFI Cl ENT WNCI L # world net capital inflow #;
CCEFFI CI ENT YCT # world net interest inconme #
COEFFI Cl ENT WGPL # world gross product #;
CCEFFICIENT (all,r, REG NCIL(r) # net capital inflow #

CCEFFI CIENT (all,r, REG GNPL(r) # gross national product #;
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COEFFI CI ENT (all,r, REG GNEL(r) # gross national expenditure #;

COEFFI Cl ENT

pre_tax_rr #ls 1 if pre-tax RoRs used in asset supply function#;

host _tax_ank #ls 1 if host country taxes capital inpedinent rents#;

host _tax_anp #ls 1 if host country taxes output inpedinment rents#,

FORMULA

(I'nitial) post_tax_rr=lF{post_tax_rr ne 0, 1};

(I'nitial) home_tax_ank=l F{hone_tax_ank ne 0, 1};

(I'nitial) honme_tax_anp=lI F{hone_tax_anp ne 0, 1};

pre_tax_rr=1-post_tax_rr;

host _tax_ank=1- hone_t ax_ank;

host _t ax_anp=1- honme_t ax_anp;

I Add duplicate definitions witten in terns of GIAP data and vari abl es as

a means of checking !

COEFFI CI ENT (all, r, REG) GRCOMTL(r)

# total governnent revenue fromcomodity taxes #;

COEFFI CIENT (Al l, 1, REG) CHECK_GROOMT (1)

#Check that SALTER comtax.rev. = GTAP#;
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FORMULA

(all,r, REG

GROOMTL(r) = sum(i, PROD_COW SHPTAX(i,r)*[VOMi,r) - VOA(i,r)])

+ sun(i

, ENDWM_COWM sun(j , PROD_COMM VFA(i,j,r)- VFMi,j.,r)))

! Exclude abnornal rentals to capital !

- sun(i, ENDWC_COWM sunf(j, PROD_COMM VFA(i,j,r)- VFMi,j,r)))

+ sun(i, ENDWS_COMM sun(j, PROD_COMM VFA(i,j,r) - VFMi,j,r)))
+ sun(j, PROD_COMM sun(i, TRAD. COW VIFA(i,j,r) - VIFMi,j,r)))
+ sun(j, PROD_COMM sun(i, TRAD_COW VDFA(i,j,r) - VDFMi,j,r)))
+ sun(i, TRAD_COMM VI PA(i,r) - VIPMi,r))

+ sun(i, TRAD_COMM VDPA(i,r) - VDPMi,r))

+ sum(i, TRAD_COMM VI GA(i,r) - VIGVi,r))

+ sun(i, TRAD_COMM VDGA(i,r) - VDGMi,r))

+ sun(i, TRAD_COW sun(s, REG VXWD(i,r,s) - VXMXi,r,s)))

+ sun(i, TRAD_COMWM sun(s, REG VIMS(i,s,r) - VIWS(i,s,r)));
FORMULA (Al l,r, REG CHECK_GROOMT(r)=GRCOMT(r) - GRCOMIL(r);

DI SPLAY CHECK_GRCOMT;

COEFFI CIENT (all,j, PROD_COMW) (al |, r, REG WA(j, )

#val ue-added of ind i in regionr #

FORMULA (all,j, PROD_COW) (all, r, REG

WA(j,r) = sun(i, ENDWCOMW EVFA(i,j,r));
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COEFFI CI ENT (all,r, REG GDPFCL(r)! GDPFC AT FACTOR COST ! ;

FORMULA (all,r, REG GDPFCL(r) = LTT(r) + KTT(r) + MIT(r) + NTT(r);

COEFFI CI ENT (all,r, REG SLGDP(r)! SLGDP OF (4.89) '

FORMULA (all,r,REG) SLGDP(r) = LTT(r)/ GDPFCL(r)

COEFFI CI ENT (all,i, TRAD COW) (all,r, REG SKGDP(i,r)! SKGDP OF (4.89)!;

FORVULA (all,i, TRAD COW) (all,r, REG SKGDP(i,r) = CAP(i,r)/ GDPFCL(r):

COEFFI CI ENT (all,r, REG SMEDP(r)! SMEDP OF (4.89) '

FORMULA (all,r,REG SMGDP(r) = MIT(r) / GDPFCL(r)

COEFFI CI ENT (all,r, REG SNGDP(r)! SNGDP OF (4.89) '

FORMULA (all,r, REG SNGDP(r) = NTIT(r) / GDPFCL(r)

COEFFI CI ENT (Al , r, REG ANKTAX(r)

#Regi onal incone from abnormal capital earnings#;

FORMULA (Al l,r, REG ANKTAX(r)=sunii, ENDWC_COWM sunij, PROD_COMM ETAX(i,j.r)]11;

COEFFI CIENT (Al l, r, REG) ANKTAX_H (1)

#Regi onal incone from FDI abnormal capital earnings#,

COEFFICIENT (Al l, r, REG) ANPTAX( )

#Regi onal inconme from output inpedi ments#;
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COEFFICIENT (Al l, r, REQ)

#Regi onal income from FDI output inpedinents#;

COEFFI CIENT (Al l, i, TRAD_COVM (Al |, 0, HOVE) (Al |, |, HOST)

#XH#;

COEFFI CIENT (Al l, i, TRAD_COMM (Al |, 0, HOVE) (Al |, |, HOST)

#XH#;

CCEFFICIENT (All, s, hone)

#Home regi on i nconme from FDI #;

! 1. International allocation of capital

EQUATI ON ! SG11! | NTERNL_I NTT_PARY

ANPTAX_H__(r)

ANKTAX_HHI (i, 0, 1)

ANPTAX_HHI (i, 0, 1)

VINC H_(s)

THEFTAPTABLO
CODE

489



# International interest parity # (all,r, REG

rbr(r) = rb;

I SG12! EQY_BOND_PARY

# Equity-bond parity #

(all,r, REG

rkr(r) =rbr(r) + frer(r);

I SG14! RENTL_PRI CE_CAPL

# Rental price of capital #

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

rkri(i,r) = RTKPGRRI (i,r)*(rp(i,r) - pcgds(r));

EQUATION E rm# Pre-tax rental price of LAND #

(all,r, REG

rm(r) = sun(n, LAND, pn(n,r));

EQUATION E_ nrp # Pre-tax rental price of NATURAL RESOURCES #

(all,r, REG

nrp(r) = sum(nr, NATRES, pn(nr,r));

EQUATION E. w # Region-w de wage rate #

(all,r, REG

w(r) = sum (I, LABOR, VOMI,r)/sum (I _, LABOR, VOMI _,r))*pm(l,r));
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! 2. The worl d capital stock !

! Conmmt: Productive Assests (?) !

I SGL! OANP_BONDS

# World net ownership of bonds #

YCrqyb + ASBD*yn = sum(r, REG, (YCR(r)!/ECRT(r)!)*qybr(r)

+ (ASBDR(r)!/ECRT(r)!)*(y_r(r)! - er(r)!));

1 S&! OMNP_BONDS_REG

# net ownership of bonds, by region #

(all,r, REG

YCR(r)*qybr(r) + ASBDR(r)*y_r(r)

= YCHHDPR(r) *qyhbr (r) + ASHHBDR(r)*yhdr(r)

+ RCGVR(r)*qgrgbr(r) + ASGVR(r)*rgr(r);

I SG3! HHOLD_OWKNP_BONDS_REG

# hhol d net ownership of bonds, by reg #

(all,r,REGQ ASHHR(r)*ahr(r)

= ASEQR(r)*aer(r) + YCHHDPR(r)*qyhbr(r) + ASHHBDR(r)*yhdr(r);
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EQUATI ON E_nt

# Capital usage by region #

(all,r,REG nt(r) = sum(n, LAND, qo(n,r));

EQUATI ON E nru

# Natural resources usage by region #

(all,r,REG nru(r) = sum(nr, NATRES, qo(nr,r));

EQUATION E It _

# Labour usage by region #

(all,r, REG

It _(r) = sum(l,LABOR, VOMI,r)/sum (I _, LABOR, VOMI _,r))*qo(l,r));

1 SG5! VALUE_CAPL

# val ue of physical capital, by region #

(all,r, REG

akr(r) = pk_h_(r) + kt(r);

I SG7! VALUE_LAND

# value of land, by region #

(all,r, REG

anr(r) =pnr(r) + m(r);

E anrr
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# value of natural resources, by region #

(all,r, REG

anrr(r) = pnrr(r) + nru(r);

1 SH11! DEP_CAPI TAL

# depreciation of capital stock, by region #

(all,r, REG

VDEP(r)*depr(r) = 100*c_VDEP(r);

IS4l EQY

# equity in productive assets, by region #

(all,r, REG

ASEQR(r)*aer(r) = VKT(r)*akr(r) + ASLNR(r)*anr(r) + ASLNRR(r)*anrr(r);

3. Weal t h accurul ati on

| SG8! HHOLD WEALTH ACCN

# househol d weal th accunul ati on, by region #

(all,r,REGQ ASHHR(r)*ahr(r)

= (ASHHR(r) - CEACWHHO1R(r)*SVT(r)*LGPRSM *i pahr(r)

+ CEACWIHHOL1R(r) * YCHHDPR(r) * LGPRSMr gy hsr (r)
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+ CEACWIHHOL1R(r) * SVT(r) * LGPRSM ppri v(r)

+ CEACWIHHO2R(r) *SVT(r) *LGPRSMr (yhdr (r) - ppriv(r));

I SGL0! GOVT_WEALTH_ACCN # governnent wealth accumul ation, by region #

(all,r, REG

RCGVR(r)*qrgbr(r) + ASGVR(r)*rgr(r)

(ASGVR(r) - CEACWIGVO1R(r)*SPGVR(r)*LGPRSM *(pbr(r) !+ er(r)!)

+ CEACWIGVO1R(r)*RCGVR(r)*LGPRSMr grgsr(r)

+ CEACWIGVO1R(r)* SPGVR(r ) * LGPRSM pgov(r)

+ CEACWIGVO2R(r) *SPGVR(r) *LGPRSM (rgr(r) - pgov(r));

I S&@! HHOLD_ASST_PRI NDX # househol d asset price index # (all,r, REG

ASHHR(r) *i pahr(r) = ASEQR(r)*iper(r) + ASHHBDR(r)*(pbr(r) '+ er(r)!);

I SH28! NATL_CONSN_PRI NDX

# national consunption price index # (all,r, REG

YCR(r)*ipcr(r) = PRIVEXP(r)*ppriv(r) + GOVEXP(r)*pgov(r) + SVR(r) * pcgds(r);

1'SJ3! WORLD_CONSN_PRI NDX # worl d consunption price index # EPCS*ipc

= sum(r, REG, (EPCSR(r)!/ECRT(r)!)*(ipcr(r)! - er(r)!));

4. Nat i onal income and saving
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1 SH4! NET_FACT_INC # net factor incone, by region #

(all,r, REG

yfn(r)

= SLYF(r)*(wWr) + 1t_(r)) + sun(j, TRAD COW (SKYF(j,r)*(rp(j,r)

+ kk(j,r)))) + SMYE(r)*(rm(r) + nt(r)) + SNYF(r)*(nrp(r) + nru(r))

- SDDDF(r)*depr(r);

I The SALTER vari abl e k has been renaned kk in this equation as k has

al ready been used as an index in the original GIAP tab file and,

t hus, cannot be used agai n!

1 SH24! NATL_I NCOVE # national income, by region # (all,r, REG

YCR(r)*[y_r(r)-incomeslack(r)]

= YFNT(r)*yfn(r) + YCR(r)*qyir(r)+

! Add abnormal returns to capital !

100*yankr (r) +100*yank_h__(r)+

! Add output inpedinment rents !

100*yanpr (r) +100*yanp_h__(r)+

+ YO TR(r)*y_ r(r) + GRCOMI(r)*rc(r) + 100*yfdi_h_ (r);

I SH25! | NTT_I NCOVE_REGN # interest incone, by region # (all,r, REG
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YCR(r)*qyir(r) = ASBDR(r)*rbr(r) + RTBD*YCR(r)*qybr(r);

I SH27! NAT_SAVINGS # national saving, by region # (all,r, REG

YCR(r)*qysr(r) + SVR(r)*y r(r) = YCHHDPR(r)*qyhsr(r) + SVT(r)*yhdr(r)

+ RCGVR(r)*qgrgsr(r) + SPGVR(r)*rgr(r);

E savesl ack # Equate 1C95 savings with GIAP savings # (all,r, REG

SAVE(r)*[ psave(r)+gsave(r)] = YCR(r)*qysr(r) + SVR(r)*y_r(r)

+ SAVE(r)*savesl ack(r);

I SH29! REAL_NATL_I NCOVE # real national incone # (all,r, REQG

y_r(r) =iper(r) +yr_r(r);

1'SJ2! WORLD_| NCOME YC*yn = SUMr, REG (YCR(r)!/ECRT(r)!)*y r(r));

1SJ4! WORLD REAL_INCOMVE # world real income # yn = ipc + yr;

I SD7! HHOLD_DI SPBLE_| NCOVE # househol d di sposabl e i ncone, by region #
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(all,r, REG

YCHHDPR(r) *yhdr (r) = YCHHR(r)*yhr(r) - RVTXYCR(r)*rtyr(r);

1SD1! HHOLD_ | NCOVE # househol d incone, by region # (all,r, REG

YCHHR(r) *yhr(r) =

LTT(r)*ylr(r) + YCHHPPR(r)*yhpr(r) + URGVHHR(r)*ughr(r) + d_ughr_(r);

1SD2! LABR_I NCOVE # | abour incone, by region # (all,r, REG

ylr(r) =wr) +1t_(r);

1SD3! PROPY_I NCOVE # property incone, by region # (all,r, REG

YCHHPPR(r) *yhpr (r) =100*yankr (r)+100*yank_h__(r)+

! Add out put inpedinent rents !

100*yanpr (r)+100*yanp_h__ (r)+

YCEQR(r) *yer(r) + YCHHDPR(r)*qyhir(r) + YCHH TR(r)*yhdr(r) + 100*yfdi _h_ (r);

1 SD4! EQY_| NCOVE

# income from ownership of productive assets, by region #

(all,r, REG YCEQR(r)*yer(r)

= KTT(r)*fke(r) + MIT(r)*(rn(r) + nmt(r)) + NIT(r)*(nrp(r) +

nru(r)) - VDEP(r)*depr(r);

1SD5! FI XD_CAPL_EARNI NGS#(nom) agg earnings of fixed capital, by reg#

(all,r,REG KTT(r)*fke(r) = sum(j, TRAD. COMM CAP(j,r)*(rp(j.r) + kk(j.r)));
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1 SD6! HHOLD | NTT_I NCOVE # househol d net interest inconme, by region #
(all,r, REG YCHHDPR(r)*qyhir(r) =

ASHHBDR(r) *rbr(r) + RTBD* YCHHDPR(r)*qyhbr (r);

1 SD8! DI SPN_HHOLD_| NCOVE
# di sposition of househol d di sposable inconme # (all,r, REG
YCHHDPR(r) *yhdr (r)

= PRIVEXP(r)*yp(r) + YCHHDPR(r)*qyhsr(r) + SVT(r)*yhdr(r);

1 SD9! HHOLD PRI VTE_ | NCME # househol d pre-transfer incone, by region #
(all,r, REG

YCHHPVR(r) *yhvr (r)=LTT(r)*ylr(r)+YCHHPPR(r) *yhpr (r) - RVTXYCR(r)*rtyr(r);

E yoit (Al,r,REG yoit(r)=
| F{host _tax_anp ne 0, host _tax_anp*{
-sunfi, TRAD_COW suni d, DEST,
[1-TYPR_L(d)] *yanp_hhi (i,r,d)-
0. 01* ANPTAX_HHI (i, r,d)*TYPR_L(d)*typr(d)]]
+suni i, TRAD_COW suni s, HOVE,
[2-TYPR_L(r)] *yanp_hhi (i,s,r)-

0. 01* ANPTAX_HHI (i, s, r)*TYPR_L(r)*typr(r)]1}};

E ykit (Al,r,REG ykit(r)=
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I F{host _tax_ank ne 0, host _tax_ank*{
-sunfi, TRAD_COW suni d, DEST,
[1- TYPR_L(d)]*yank_hhi (i, r,d)-
0. 01* ANKTAX_HHI (i, r, d)*TYPR L(d)*typr(d)]]
+sunf i, TRAD_COMM suni s, HOVE,
[2-TYPR_L(r)]*yank_hhi (i, s,r)-

0. 01* ANKTAX_HHI (i, s, r)*TYPR L(r)*typr(r)]1}};

E_yhprtax # property income which is taxed # (all,r, REG

YCHHPPRTAX(r) *yhprtax(r)=YCHHPPR(r) *yhpr (r) +100*[yoit (r)+ykit(r)-yfdi _h_ (r)];

E_yhprloc # property income |ess net FDI incone # (all,r, REG

YCHHPPR(r) *yhpr (r) = 100*yfdi _h__(r) + YCHHPPRLOC(r)*yhprloc(r);

6. Governnent receipts and outl ays

I SE1! GOVT_RECTS # governnent receipts, by region # (all,r, REG
RCGVR(r)*rgr(r)
= RVTXYCR(r)*rtyr(r) + GRCOMI(r)*rc(r)

+ RCGVR(r)*qgrgir(r) + RCGVITR(r)*rgr(r);
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I SE2! | NCOVE_TAX # incone tax, by region # (all,r, REG

RVTXYCR(r)*rtyr(r) = RVIXYCLBR(r)*rtylr(r) + RVIXYCPPR(r)*rtypr(r);

I SE3! TAX LABR_I NCOVE # tax on | abour incone, by region # (all,r, REG

rtylr(r) =tylr(r) + ylr(r);

I SEA! TAX_PROPY_| NCOVE

# tax on property incone, by region # (all,r, REG

rtypr(r) = typr(r) + yhprtax(r);

I SE16! RATE_TAX_LABR_I NCOVE

# |l abour income tax rate, by region # (all,r, REG

tylr(r) = ftyr(r) + ftylr(r);

I SE17! RATE_TAX_PRPY_I NCOVE

# property incone tax rate, by region # (all,r, REG

typr(r) = ftyr(r) + ftypr(r);

I SE15! GOVREVCOW # revenue from comodity taxes, by region #

(all,r, REG

rc(r)

= grsub(r) + grint(r) + grinv(r) + grcon(r) + grexp(r)
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+ grgov(r) + grdut(r);

I SE10! REVI NDT

I'# contribution of a change in indirect (output) taxes#

#(subsidies) to the per cent change in agg commodity tax revenue, #

#by region #! (all,r, REG

grsub(r) = (RECI P_GRCOMI(r))*sun(i, TRAD_COW

SHPTAX(i,r)*[ (COSTINP(i,r)*to(i,r))+PTAX(i,r)*(qo(i,r)+pn(i,r))]+

100* PTAX(i , r)*c_SHPTAX(i, r));

1 SE6! REVI NT

(all,r,REG !# contribution of a change in taxes on sales as intern#

#usage to the per cent change in aggregate comvodity tax revenue #!

grint(r)

(RECI P_GRCOMT(r))*(sun(i, TRAD_COMM sun(j, TRAD_COMM (VDFM(i ,j,r)

+ DFTAX(i,j,r)) * tfd(i,j,r) + DFTAX(i,j,r) * (qfd(i,j,r) + pds(i,r))))

+ sum(i, TRAD_COWMM sun(j, TRAD COW (VIFMi,j,r) + I FTAX(i,j,r))

*

tfm(i,j,r) + [FTAX(i,j,r) * (qfm(i,j,r) + pid(i,r)))));

1 SE9! REVI NV

(all,r,REQ! # contribution of a change in taxes on sales as invst to#

#the per cent change in aggregate comodity tax revenue #!

grinv(r) = (RECIP_GRCOMT(r))*(sum(i, TRAD_ COW (DI NV(i,r)

+ TIRD(i,r))*tinvd(i,r)
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+ TIRD(i,r)*(invd(i,r) + pds(i,r)))

+ sun(i, TRAD_ COW (I INV(i,r) + TIR (i,r))*tinvi(i,r)

+ TIR (i, 0)*(invi(i,r) +pid(i,r)));

EQUATION E_tinvd (all,i, TRAD COW) (al |, r, REG

tinvd(i,r) = sun{c, CGDS_COW tfd(i,c,r));

EQUATION E_invd (all,i, TRAD.COMM (al |, r, REG)

invd(i,r) = sun(c, CGDS_COW qfd(i,c,r));

EQUATION E_tinvi (all,i, TRAD COW (all,r, REG

tinvi(i,r) = sumc, CGADS_COMWM tfnm(i,c,r));

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

invi(i,r) = sunm(c, CGDS_COW qgf m(i,c,r));

I SE7! REVCON

(all,r,REG !'# contribution of a change in taxes on sales of goods#

#for priv hhold cons to the per cent change in aggregate commodity tax#

#revenue #!

grecon(r) = (RECI P_GRCOMI(r))*(sun(i, TRAD_ COMM (VDPM.i,r)

+ DPTAX(i,r))*tpd(i,r)

+ DPTAX(i,r)*(qpd(i,r) + pds(i,r)))
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+ sum(i, TRAD_ COW (VIPMi,r) + I PTAX(i,r))*tpm(i,r)

+ IPTAX(i, r)*(qpm(i,r) + pid(i,r))));

I SE11! REVEXP (all,r, REG

I'# contrib of a change in exp taxes to the per cent#

# change in aggregate comodity tax revenue #!

grexp(r) =

(RECI P_GRCOMI(r))*sun(i, TRAD COW sum(s, REG VXWD(i,r,s)*

[tx(i,r)+txs(i,r,s)]

+ XTAXD(i,r,s)*(qgxs(i,r,s) + pxs(i,r,s))));

I SE8! REVGOV

(all,r,REG !# contrib of a change in taxes on goods for governnent#

#cons to the per cent change in agg commodity tax revenue, by region #!

grgov(r)

= (RECI P_GROOMI(r))*(sun(i, TRAD COMM (VDGMi, r)

+ DGTAX(i,r))*tgd(i,r)

+ DGTAX(i,r)*(qgd(i,r) + pds(i,r)))

+ sun(i, TRAD_ COW (VI GMi,r) + I GTAX(i,r))*tgn(i,r)

+ TGTAX(i, r)*(qgm(i,r) + pid(i,r))));

I SE12! REVIMP (all,s, REG
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I'# contribution of a change in tariffs to the per cent change#

# in aggregate commodity tax revenue, by region #!

grdut (s)

= (RECI P_GRCOMI(S)) *sum(i, TRAD_COW sum(r, REG (VIWS(i,r,s)

+ MIAX(i,r,s))

*[tm(i,s)+tns(i,r,s)] + MIAX(i,r,s)*('er(r) +! pcif(i,r,s) + gxs(i,r,s))));

I SE5! GOVT_I NTT_RECTS

# government interest receipts, by region # (all,r, REG

RCGVR(r)*qrgir(r) = ASGVR(r)*rbr(r) + RTBD*RCGVR(r)*qrgbr(r);

I SE14! GOVT_CURRNT_QUTLS

# current governnent outlays, by region # (all,r, REG

COLGVR(r)*ogr(r) = GOVEXP(r)*zg(r) + URGVHHR(r)*ughr(r) + d_ughr_(r);

I SH12! VALGOVDEMCOM # govt expend on commobdities #

(all,r, REG zg(r) = pgov(r) + ug(r) ;

I SE18! TRANSFRS GOVT_HHOLD

I transfer payments from governnents to househol ds,

by region ! (all,r,REG ughr(r) = fughr(r) + yhvr(r);

E d_ughr_ (Al,r, REG d_ughr_(r)=d_ughr(r)+
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sunfi, TRAD_COW suni d, DEST,

(1- SHXTAXD(i, r, d) ) *{VXVD(i,r,d)*[pfob(i,r,d)+gxs(i,r,d)]-

VXMD(i, r,d)*[ pxs(i,r,d)+qgxs(i,r,d)]}-

100* XTAXD(i , r, d) *c_SHXTAXD(i,r,d)]];

I SE13! DI SPN_GOVT_RECTS

# di sposition of governnent receipts, by region #

(all,r, REG RCGVR(r)*rgr(r)

= OLGVR(r)*ogr(r) + RCGVR(r)*qgrgsr(r) + SPGVR(r)*rgr(r);

7. International allocation of investnent

1 S&1! EXPD_BOND_RATE

# expected rate of change in bond rate, by region #

(all,r,REG ercrbr(r) = ercrhb;

| SG20! EXPD_RATE_RETN_EQY

# expected rate of change in rate of return on equity #

(all,r,REG ercrer(r) = ercrbr(r) + ercfrer(r);

| SG18! EQN_RATE RETN CAPL
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# equilibration of rates of return on capital #

(all,r,REG ercrkr(r) = ercrer(r) - CEAJRTKPR(r)*rar(r);

I SG16! EXPD_RATE_RETN_ CAPL

# expected rate of change in average rate of return on capital #

(all,r,REG ercrkr(r) = EL_ERCRK_K_R(r)*RTKPGRR(r)*RTI VKPR(r)

*(qgcgds(r) - kb!'t!(r)) + EL_ERCRK K _R(r)*(RTIVKPR(r) - DEPRREG(r)

- GISSKPR(r))*rkr(r);

I SG19! AVGE_ABNL_RETN CAPL

# average rate of abnormal return on capital, by region #

(all,r,REG rar(r) = sum(i, TRAD_ COW SKT(i,r)*rari(i,r))

+ sun(i, TRAD_COMM RTKPANRI (i, r)*SKT(i,r)*kk(i,r))

- RTKPANR(r)*kb!t!(r);

I The SALTER variable k has been renaned kk in this equation as k has

al ready been used as an index in the original GIAP tab file and,

t hus, cannot be used agai n!

EQUATI ON E kk (all,j, TRAD COW (al |, r, REG)

kk(j,r) = sum(k, ENDWC_COW af e(k,j,r));

I SGL7! AVGE_RATE_RETN CAPL

# average rate of return on capital, by region #
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(all,r,REG rkr(r) = RTKPGRR(r)*{sunik, ENDNC_COMM pm(k,r)]-pcgds(r)};

1 SH3! GROSS _NATL_EXPRE # gross national expenditure #

(all, r, REG GNEL(r)*gne(r)

= PRIVEXP(r)*yp(r) + GOVEXP(r)*zg(r) + REG NV(r)*invt(r);

1'SH20! PRI CE_I NDX_GNE # price index for gross national expenditure #

(all, r, REQ GNEL(r) *gnepi (r)

= PRI VEXP(r)*ppriv(r) + GOVEXP(r)*pgov(r) + REG NV(r)*pcgds(r);

1 SH6! REAL_GNE # gross national expenditure, real # (all, r, REQ

GNEL(r)*gner(r) = PRIVEXP(r)*ctr(r) + GOVEXP(r)*ug(r) + REG NV(r)*qcgds(r);

I SH1! EXPRE_CGDP # expenditure on gross donestic product, by region #

(all, r, REQ GDP(r) *gdpe(r)

= PRI VEXP(r)*yp(r) + GOVEXP(r)*zg(r) + REG NV(r)*invt(r) +

VXVREG ON(r) *vxwreg(r) - VIMREG ON(r)*(ler(r) +! viweg(r));

I SH19! PRI CE_| NDEX_GDP # price index for gross donmestic product #
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(all, r, REGQ GDP(r) *gdppi (r)

= PRI VEXP(r)*ppriv(r) + GOVEXP(r)*pgov(r) + REG NV(r)*pcgds(r) +

VXWREG ON(r) *pxweg(r) - VIMREG ON(r)*('er(r) + !piweg(r));

ISH5! REAL_GDP # real gdp # (all, r, REG GDP(r)*gdpr(r)

= PRIVEXP(r)*ctr(r) + GOVEXP(r)*ug(r) + REG NV(r)*qcgds(r) +

VXVREG ON(r) *gxwreg(r) - VIVWREG ON(r) *qi wreg(r);

I SH22! GROSS_DOMC_PRODT # gross domestic product, nom nal #

(all, r, REG I GDP(r)*!gdpn(r)

= ILTT(r)*(wWr) + It _(r)) + KTT(r)*fke(r) + MIT(r)*(rm(r) + nt(r))

+ GRCOMI(r)*rc(r)! vgdp(r);

I SH23! GROSS _NATL_PRODT # gross national product # (all, r, REG

GNPL(r)*gnp(r) =GDP(r)*gdpn(r) + GDP(r)*nyas(r) + YCITR(r)*gdpn(r);

INB This equation is just nomgdp plus incone earned from bonds sold

donestically and overseas!

! I'nclude FDI incone in balance of paynents. !

EQUATI ON E_bop (all,r, REG

bop(r)=bts(r)+nyas(r)+nkis(r)+nyfdirat(r)+nyank_h__(r)+nyanp_h__(r);

EQUATION E_qgvar (all,r, REG sun(j, PROD_COMW WA(j,r))*qvar(r) =
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sun(i , PROD_COW

| F[ FDI _FLAGL(i,r)=0, WA(i,r)*qva(i,r)]+

sum(i _, FDI _COW i eq i_,sun(r_, FDI _DEST:r eq r_,

| F[FDI _FLAGL(i _,r_) ne O, WA(i _,r )*f _qva(i_,r_)1)));

EQUATI ON! 21. 5! CGDPFACTCOST ! CGDP AT FACTOR COST ! (all,r, REG

gdpfc(r) = SLGP(r)*(wWr) + It_(r)) + sun(i, TRAD COW SKCDP(i,r)*

(rpCi,r) + kk(i,r))) + SMEDP(r)*(rn(r) + nt(r)) +

SNGDP(r)*(nrp(r) + nru(r));

EQUATI ON! 20. 4! REALDI SPY! REAL AGGREGATE HOUSEHOLD DI SPCSABLE | NCOVE !

(all,r,REG ydr(r) = yhdr(r) - ppriv(r) ;

! Define rental price of bonds for use in price and bond EV contributions !

EQUATION E_prentb #Rental price of bonds# (A l,r, REG

rbr(r)=RTBD*[prentb(r)-pbr(r)];
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1SJ1! WORLD _GROSS_PRCDCT # world gross product #

WGPL*wgp = SUMr, REG GDP(r)*gdpn(r));

1'SJ5! WORLD _NET_Y_ABRCAD # world net income from abroad #

WEPL*wnyas + YCl T*wgp

= SUMr, REG GDP(r)*nyas(r)) + SUMr, REG YC TR(r)*gdpn(r));

1SJ6! WORLD NET_CAPL_INFLW # world net capital inflow #

WEPL*wnki s + WNCI L*wgp

= SUMr, REG GDP(r)*nkiS(r)) + SUMr, REG NCIL(r)*gdpn(r));

1SJ7! WORLD_CAPL_STCOCK # world capital stock #

ASKP*wkt = SUMr, REG, (VKB(r)!/ECRT(r)!)*kb(r));

1SJ8! WORLD REAL_INVT  # world real investnent #

W NVTT*W nvtr = SUMr, REG (REGNV(r)!/ECRT(r)!)*qgcgds(r));

EQUATION Ew (all,r,REG w(r) = wWr) - ppriv(r);

I T B T |

I 10. Code required for looking at simresults !
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EQUATI ON E qgfel (all,|,LABOR)(all,j, PROD COMM (all,r, REG)

gfel (1,j,r) = qafe(l,j,r);

EQUATI ON E qgfek (all,j, PROD COMWM) (al |, r, REG)

gf ek(j,r) = sunik, ENDAC_COW qfe(k,j,r)];

EQUATI ON E gfen (al |, j, PROD COMW) (al |, r, REG)

gfen(j,r) = SUMn, LAND, gfe(n,j,r))

EQUATION E_gfenr (all,j, PROD_COW (all,r, REQ

gfenr(j,r) = SUMnr, NATRES, qfe(nr,j,r))

! 11. Equations for checking of consistency between !

! GTAP and SALTER definitions !

IR S T |

EQUATI ON

LAB_TAX #Li nk GTAP and SALTER | abour incone tax vari abl es#

(All,i,LABOR) (Al l,r, REG)

to(i,r)=[VOMi,r)-VOA(i,r)]/VOA(i,r)*tylr(r);
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NON_LAB_TAX #Li nk GTAP and SALTER property income tax vari abl es#

(AIl,i, NONLAB_ENDW (Al |, r, REG)

to(i,r)y=[VOMi,r)-VOA(i,r)]/VOA(i,r)*typr(r);

EQUATI ON! SE15! E rcl # revenue from commodity taxes,

(all,r, REG GRCOMI1(r)*rcil(r)=

by region #

sum(i , PROD_COW SHPTAX(i,r)*{VvOMi,r) * [pn(i,r) + qo(i,r)]-

100* PTAX(i , r)*c_SHPTAX(i, r))

VOA(i, r) * [ps(i,r) + qo(i,r)]}+

+ sun(j, PROD_COW sun(i, TRAD COW {VIFA(i,j,r) * [pfnm(i,j,r) + afn(i,j,r)]}

+ sum(j , PROD_COW

+ sun(i, TRAD_COWM

- {VIPMi

+ sum(i, TRAD_COW

- {VDPMi

+ sum(i, TRAD_COW

- {MFMi,j.r) * [pid(i,r)  +afn(i,j,r)]1}))

sum(i , TRAD_COW {VDFA(i,j,r) * [pfd(i,j,r) + afd(i,j,r)]}

{VI PA(i ,

{ VDPA(i

{VIGAGI,

- {viai,

+ sun(i, TRAD_COWM

{ VDGA(i ,

- {vbaTi

+ sum(i, TRAD_COW

+ sum(i, TRAD_COW
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1)

1)

1)

- {VDFMi,j,r) * [pds(i,r)

[ppn(i,r) + qpn(i,r)]}

[pid(i

[ ppd(i

[ pds(i

[ pgnti,

[pid(i,

[ pgd(i,

[pds(i,

sun(s, REG { VX\D(i , r,

- VXM, T

sun(s, REG {VI M5(i, s,

1)

1)

1)

+

+

+

+

+

+

*

apn(i,r)l})

apd(i,r)l}

+ qpd(i,r)]})

agn(i,r)l}
agn(i,r)l1})
qgd(i,r)]}
qgd(i,r)1})

+qfd(i,j,r)1}))

[pfob(i,r,s) + agxs(i,r,s)]}

[ pxs(i,r,s)

[prs(i,s,r)

+ axs(i,r,s)]}))

+ gxs(i,s,r)]}



- {MIWs(i,s,r) * [pcif(i,s,r) + agxs(i,s, r)]}));

EQUATI ON E_check_rc (All,r, REG check_rc(r)=rc(r)-rcl(r);

EQUATI ON E_grexpl (A l,r, REG

GRCOMTL(r)*grexpl(r)=

sun(i, TRAD_COW sun(s, REG { VX\Wi,r,

- {VxMX(i T,

EQUATION E grdutl (Al l,r, REG)

GRCOMTL(r)*grdutl(r)=

sun{i, TRAD_COW sun(s, REG {VI M5(i, s,

- {VIWS(i, s,

EQUATI ON E_grsubl (A I, r, REG

GRCOMT1(r)*grsubl(r)=

sun(i, PROD_COW SHPTAX(i, r)*{VOMi,

r)y *

* [pfob(i,r,s) + gxs(i,r,s)]}

* [pxs(i,r,s) + axs(i,r,s)1}));

* [pms(i,s,r) + gxs(i,s, r)]}

* [peif(i,s,r) + axs(i,s,r)1}));

[pm(i,r) + qo(i,r)]-

VOA(i,r) * [ps(i,r) + qgo(i,r)]}+

100* PTAX(i, r)*c_SHPTAX(i,r));

EQUATI ON E_check_gr dut
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(Al'l,r, REG check_grdut (r)=grdut(r)-grdutl(r);

EQUATI ON E_check_grexp

(Al'l,r, REG check_grexp(r)=grexp(r)-grexpl(r);

EQUATI ON E_check_grsub

(Al'l,r, REG check_grsub(r)=grsub(r)-grsubl(r);

EQUATION E_grconl (All,r, REG GRCOMI1(r)*grconl(r)=

sun(i, TRAD_ COMWM {VIPA(i,r) * [ppn(i,r) + gpn(i,r)]}

- {MPMi,r) * [pid(i,r) + qpn(i,r)]})

+ sum(i, TRAD_COMWM {VDPA(i,r) * [ppd(i,r) + qpd(i,r)]}

- {VDPMi,r) * [pds(i,r) + qgpd(i,r)]});

EQUATI ON E_grgovl (Al l,r, REG GRCOMI1(r)*grgovi(r)=

sun(i, TRAD_ COMWM {VIGA(i,r) * [pgn(i,r) + qgn(i,r)]}

- {vavi,r) * [pid(i,r) + qgn(i,r)]})

+ sum(i, TRAD_ COMW {VDGA(i,r) * [pgd(i,r) + qgd(i,r)]}

- {vbavi, r) * [pds(i,r) + qgd(i,r)]});

EQUATI ON E_check_grcon

(Al'l,r, REG check_grcon(r)=grcon(r)-grconl(r);

EQUATI ON E_check_gr gov

(Al'l,r, REG check_grgov(r)=grgov(r)-grgovi(r);
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EQUATION E grintl (Al,r, REG GRCOMIL(r)*grintl(r)=

sun(j, TRAD_COW sun(i, TRAD COW {VI FA(i,j,r) * [pfr(i,j,r) + aofnm(i,j,r)]}

- AMEMi,j,r) * [pid(i,r)  +afn(i,j,r)]1}))

+ sun(j, TRAD_COW sum(i, TRAD COW {VDFA(i,j,r) * [pfd(i,j,r) + qafd(i,j,r)]}

- {VDFM(i,j.r) * [pds(i,r) +qfd(i,j,r)]1}));

EQUATI ON E_check_grint

(Al'l,r,REG check _grint(r)=grint(r)-grintl(r);

EQUATION E_grinvl (Al,r, REG GRCOMIL(r)*grinvl(r)=

sun(j, CGDS_COW sum(i, TRAD_COW {VIFA(i,j,r) * [pfm(i,j,r) +afn(i,j,r)]}

- {AMEMi,j,r) * [pid(i,r)  +afn(i,j,r)]1}))

+ sum(j, CGDS_COW sum(i, TRAD COW {VDFA(i,j,r) * [pfd(i,j,r) + afd(i,j,r)]}

- {VDFM(i,j.r) * [pds(i,r) +qfd(i,j,r)]1}));

EQUATI ON E_check_gri nv

(A'l,r,REG check_grinv(r)=grinv(r)-grinvl(r);

EQUATI ON E_check_qgdp (All,r, REG check_qggdp(r)=qgdp(r)-gdpr(r);

EQUATI ON E_check_vgdp (Al I, r, REG check_vgdp(r)=vgdp(r)-gdpn(r);

EQUATI ON E_check_pgdp (All,r, REG check_pgdp(r)=pgdp(r)-gdppi (r);
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End of I CM TAB

| FDI extension to GIAPICM !

I Introductory coments

I have varied the Petri specification of capital supply slightly. The price

of capital is now the reciprocal of exp(rate_of_return) rather than the

reci procal of rate_of _return. This allows negative rates of return, which

may wel | be possible at such a disaggregate |evel

Since the international capital nobility extension endogeni ses total

private wealth, with

weal th bonds + equity

bonds + capital + |land

| have extended the Petri nesting higher to include an allocation of

weal t h between bonds and equity, and equity between capital and

| and.

516 THE STRUCTURE OF
THE FTAPMODEL



The case of bonds is interesting. The Petri price of bonds depends on

whet her the region is a net debtor or net creditor. To see howthis is

implemented, it helps to think of two types of bonds. Each region hol ds

a non-negative quantity of either debt bonds or credit bonds, and none

of the other type of bonds. Debt bonds have a negative rate of return

and credit bonds a positive rate of return. Hence, in the equation

determ ning the division of wealth between bonds and equity, the rate

of return on bonds enters with a negative or positive sign depending on

whet her the region is a net debtor or net creditor respectively. Since

the quantity of bonds cannot change sign under a CET allocation

mechanism it is possible to introduce a variable for the percentage

change in the quantity of bonds. Also, if a region is defined as a debtor

or creditor based on positive or negative bond holdings, it will always

remain a debtor or creditor.

It should be noted, however, that bonds in the extended nodel cannot be

conpared to bonds in SALTER Bonds in SALTER represent the excess (deficit)

of total assets above (bel ow) productive assets residing in a region.

The counterpart in the extended nodel would be bonds plus donestic capita

plus foreign capital owned by the region plus land minus |ocal capital owned

by foreigners.
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ZERODI VI DE (ZERO BY_ZERO) OFF;

ZERODI VI DE ( NONZERO _BY_ZERO) OFF;

COEFFI CIENT (Al l, s, hone) CHK_RR_LAND( s)

#Check positivity of initial rate of return on | and#;

COEFFI CIENT (Al l, s, hone) RTBDR( s)

#Regi onal rate of return on bonds#;

I The next bl ock of coefficients are peculiar. They are equal to quantities

of assets tines prices = the reciprocals of exp(rates of return). They

are the values of the assets in the Petri nested CET supply function for

capital. At the beginning of the simulation they equal asset values but at

the end of the sinulation they will NOT be equal to asset val ues.

COEFFI CIENT (Al l, s, home) VK_H__(s)

#Petri asset value of capital by hone regi on#;

COEFFI CIENT (Al l, s, hone) (Al l, i, TRAD_COMM VK H I (i,s)

#Petri asset value of capital by industry and hone regi on#,;
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COEFFI CIENT (Al l, s, hone) (Al l, i, TRAD_COMM) VKF_H_I (i, s)

#Petri asset value of foreign capital by industry and hone regi on#;

COEFFI CIENT (Al l, s, hone) CRED_DEBT(s)

#ls -1 for debtor and +1 for creditor regi on#;

FORMULA (Initial)(All,s, home) CRED DEBT(s)=1-2*| F( YCHHI TR(s) <0, 1)

I Calculating / initialising Petri asset values !

FORMULA (All,s,hone)(All,i, TRAD COW) VKF_H I (i, s)=sun(d, dest,VK HHI (i,s,d));
FORMULA (All,s,hone)(All,i, TRAD COW VK H I(i,s)=VKD H I(i,s)+VKF_H I(i,s);

FORMULA (All,s,hone) VK H (s)=sunm(i, TRAD COW VK H I(i,s));

I Initially set rate of return on |land and natural resources to average rate
of return on capital !
FORMULA (Initial)(Al,s, home) RR_LAND(S)=
| F[ VLAND(s) =0 and VKB(s) ne O,
sun{i, TRAD_COWM VKD(i, s)*max{0, RRD H I (i,s)}+
sun{d, dest, VFDI _HHI (i, s, d)*max{0, RR_HHI (i, s, d)}]
}/ VKB(s)] +
| F[ VLAND(s) =0 and VKB(s) =0, RTBD] +

| F[ VLAND(s) ne 0, RR_LAND(S)];
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FORMULA (Al |, s, hore)

CHK_RR_LAND( s) =I F[ VLAND( s) =0, RR_LAND(s)] +I F[ VLAND(s) ne 0, 1] ;

ASSERTION #Initial rate of return on land is positive#

(All,s, home) CHK_RR_LAND(S)>0;

FORMULA (Initial)(Al,s, hone)

RR_NATRES( s) =I F[ VNATRES(s) =0, RR_LAND(s) ] +| F[ VNATRES(s) ne 0, RR_ NATRES(s)]:

I Calculate Petri asset value of land (natural resources) fromrate of return

on land (natural resources) and |land (natural resources) rentals fromthe

GTAP dat abase. !

FORMULA (Initial)(A I, s, hore)

VLAND( s) =I F[ VLAND( s) =0, exp(- RR_LAND(s) ) *suni k, LAND, VOM k, s)]] +

| F[ VLAND(s) ne O, VLAND(S)];

FORMULA (Initial)(A I, s, hore)

VNATRES( s) =I F[ VNATRES( s) =0,

exp(- RR_NATRES(s)) *suni k, NATRES, VOM k, s)]] +

| F[ VNATRES(s) ne 0, VNATRES(s)];

I End of calculating / initialising Petri asset values !

FORMULA ! Bond rates equal across regions !
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(I'nitial)(AIl,s, home) RTBDR(s)=RTBD,

UPDATE (change) (Al'l, s, hone) RTBDR(s)=rbr(s)/100;

EQUATI ON

I In the followi ng equations the price of each aggregate has been defined by

the condition that the share weighted sum of the quantities constituting

the aggregate equals the aggregate quantity. This is valid for any CRS

aggregator function. In the future if we wish to generalise beyond CES

(eg. CRESH) we are able to do so without needing to alter the definitions

of aggregate prices. (The capital supply functions are in fact witten in

CRESH form except for the upper levels - wealth --> bonds, equity and

equity --> capital,land, natural resources.) !

! section 1 was renoved !

I Section 2 - Supply of capital

I Section 2.1 - Quantities supplied deternined by nested CET supply
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(4.2) function as in Petri !

E ghr #Private real wealth# (A I, s, honme) ipahr(s)=ahr(s)-ghr(s);

E qbr #Private ownership of bonds# (Al I, s, hone)

ghr(s)-gbr(s)=KTRA_H_(s)*[rhr(s)+CRED DEBT(s)*r_rbr(s)];

E qger #Private ownership of equity# (A, s, hone)

ghr(s)-ger(s)=KTRA_H _(s)*[rhr(s)-rer(s)];

Del ete SALTER equation for pnr and pnrr!

E_pnr #Purchase price of land# (Al,r, REG

nt(r)-qer(r)=KTRA_H _(r)*[-r_rr_land(r)-rer(r)];

E pnrr #Purchase price of natural resources# (A l,r, REG

nru(r)-qger(r)=KTRA H_(r)*[-r_rr_natres(r)-rer(r)];

E k_h__ #Aggregate supply of capital by honme region# (A, s, hone)

k_ h__(s)-qger(s)=KTRA_H_(s)*[c_rr_h__(s)-rer(s)];

E_kt #SALTER quantity of capital kt is capital owned by hone#

(Al r,REG k_h__(r)=kt(r);

E kb
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#GTAP quantity of capital kb is capital residing in the host, asset weights#

(A1, d, host)

sun(i, TRAD_COW sun{ s, hone, VFDI _HHI (i, s, d)) +VKD(i, d))*kb(d)=

sum(i, TRAD_COW sun(s, hore, VFDI _HHI (i, s, d) *k_hhi (i,s,d))+

VKD(i,d)*kd_h_i (i,d))+

f _kb(d);

Ek_h.i (Al,i, TRAD.COW (A I,s, hone)

k_ h_i(i,s)-k_h_(s)=KTRA H I(i,s)*[c_rr_h_i(i,s)-c_rr_h_ (s)];

E kd_h_i (All,i, TRAD. COW) (All,s, hore)

kd_h_i(i,s)-k_h_i(i,s)=KTRAD H I (i,s)*[-r_rrd_h_i(i,s)-c_rr_h_i(i,s)];

Ekf_hi (All,i, TRAD. COW) (All,s, hone)

kf _h_i(i,s)-k_h_i(i,s)=KTRAF_H I(i,s)*[c_rrf_h_i(i,s)-c_rr_h_i(i,s)];

E k_hhi (AIl,i, TRAD COM) (A I, s, hone) (Al I, d, host)

k_hhi (i,s,d)-kf_h_i(i,s)=KTRA HHI (i,s,d)*[-r_rr_hhi(i,s, d)-c_rrf_h_i(i,s)];

Section 2.2 - Define rates of return and asset prices !

4.3 !

Ec_rr_hhi (Al,i, TRAD COMM (All,s, hone) (Al l,d, host)
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c_rr_hhi(i,s,d)=s[RR_HH (i,s,d)+DEPRI ND(i,d)]*[rps(i,s,d)-pcgds(d)];

E c_trr_hhi (Al,i, TRAD COW) (A |, s, home) (A I, d, host)

c_trr_hhi(i,s,d)=

[1- TYPR L(d)]*[ RR_HHI (i, s, d) +DEPRI ND(i , d)] *[ psks(i , s, d) - pcgds(d)];

E r_rr_hhi (AIl,i, TRAD. COW) (Al |, s, home) (Al l, d, host)

r_rr_hhi(i,s,d)=-[post_tax_rr*c_trr_hhi(i,s,d)+pre_tax_rr*c_rr_hhi(i,s,d)];

Ecrrd hi (Al,i, TRAD COMW (A I, s, hone)

crrd_h i(i,s)=[RRD H I(i,s)+DEPRIND(i,s)]*[rpd(i,s)-pcgds(s)];

Ec trrd_hi (Al,i, TRAD COW (Al I, s, hore)

c_trrd_h_i(i,s)=

[1-TYPR L(s)]*[RRD_H_ I (i, s)+DEPRI ND(i,s)]*[pskd(i,s)-pcgds(s)];

Er rrd hi (Al,i, TRAD COW) (Al I, s, hone)

r_rrd_h_i(i,s)=-[post_tax_rr*c_trrd_h_i(i,s)+pre_tax_rr*c_rrd_h_i(i,s)];

Ec rr_land (All,s,hone) c_rr_land(s)=RR LAND(s)*[rm(s)-pnr(s)];

E c trr_land (All,s,home) c_trr_land(s)=

[1-TYPR L(s)] *RR_LAND(s) *[ psl and(s)-pnr(s)];
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Er_rr_land (A, s, hone)

r_rr_land(s)=-[post_tax_rr*c_trr_land(s)+pre_tax_rr*c_rr_land(s)];

E c_rr_natres (All,s,honme) c_rr_natres(s)=RR _NATRES(s)*[nrp(s)-pnrr(s)];

E c_trr_natres (Al,s,hone) c_trr_natres(s)=

[1-TYPR L(s)] *RR_NATRES(s) *[ psnatres(s)-pnrr(s)];

E r_rr_natres (A l,s, hone)

r_rr_natres(s)=-[post_tax_rr*c_trr_natres(s)+pre_tax_rr*c_rr_natres(s)];

E rbrpt (All,r,REG rbrpt(r)=[1-TYPR_L(r)]*rbr(r)-RTBDR(r)*TYPR_L(r)*typr(r);

Er rbr (Al,s,hone) r_rbr(s)=-[post_tax _rr*rbrpt(s)+pre_tax_rr*rbr(s)];

E rhr (Al,s, hone)

[ VK_H__(s)+VLAND(s) +VNATRES(s) +VBR(s)] *ghr(s)=

[ VK_H__(s)+VLAND(s) +VNATRES(s)] *qger (s) +VBR(s)*qgbr(s);

Erer (Al,s, hone)

VK_H__(s)*k_h__(s)+VLAND(S)*nt (s) +VNATRES(S)*nru(s)=

[ VK_H__(s)+VLAND(s) +VNATRES(s)]*qer(s);

Ecrr_h__ (AI,s,hone)
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IF{VK_H__(s) ne O,

sun(i, TRAD_COW VK _H I (i,s)*[k_h_i(i,s)-k_h__(s)])}=

IF{VK H (s)=0,c_rr_h__(s)};

Ecrr_hi (Al,i, TRAD COM (Al I, s, hone)

IF{VK_H I(i,s) ne O,

VKD _H I (i,s)*kd_h_i(i,s)+VKF_H I(i,s)*kf_h_i(i,s)

-VKH I (i,s)*k_h_i(i,s)}=

I F{VK HI(i,s)=0,c_rr_h_i(i,s)};

Ecrrf_hi (Al,i, TRAD COW (Al I, s, hone)

| F{VKF_H I(i,s) ne 0,

sum(d, dest, VK_HHI (i, s, d)*[k_hhi (i,s,d)-kf_h_i(i,s)])}=

IF{VKF_ HI(i,s)=0,c_rrf_h_i(i,s)};

1 4.4 Rental prices of capital !

E pskd (Al,i, TRAD COMW) (Al |, r, REG)

rpd(i,r)=pskd(i,r)+sun{k, ENDAWC COM to(k, r));

E psks (All,i, TRAD COW (Al l, s, hone) (Al |, d, host)

rps(i,s,d)=psks(i,s,d)+sun(k, ENDAC_ COM to(k, d));
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E pfeda (All,i, TRAD. COW) (Al |, r, REG

pfeda(i,r)=tfda(i,r)+toad(r)+toa(r)+rpd(i,r)+

sun(k, ENDWC_ COM tf (k,i,r));

E pfesa (Al,i, TRAD COMW) (Al |, s, hore) (Al'l , d, host)

pfesa(i,s,d)=tfsa(i,s,d)+toas(s,d)+tfia(i,d)+toai(d)+toa(d)+rps(i,s,d)+

sun( k, ENDWC_COM tf (k,i,d));

E pfeia (Al,i, TRAD_ COW (Al |, d, host)

sun(s, hone, EVI FAS(i, s, d)*[ (pfesa(i,s,d)+qfes(i,s,d))-(pfeia(i,d)+qfei(i,d))])=

| F[ EVI FA(i, d) =0, pfeia(i, d)-pfactw d];

Ef pfek (All,i, TRAD COW) (All,r, REG

EVDFA(i,r)*(pfeda(i,r)+gfed(i,r))+EVIFA(i,r)*(pfeia(i,r)+qgfei(i,r))-

sunf k, ENDWC_COMM EVFA(K, i, r)*(pfe(k,i,r)+qfe(k,i,r))]=

I F{suni k, ENDNC_COW EVFA(k,i,r)]=0,f_pfek(i,r)};

1 4.5 Asset Price !

E pk_h__ (Al,s, hone)

{sunm(d, dest, sun(i, TRAD_ COW VFDI _HHI (i,s,d)))+

sun(i, TRAD_COMM VKD(i , s))} *

[pk_h__(s)+k_h__(s)]=

sun(d, dest , sun(i, TRAD_COMW VFDI _HHI (i, s, d) *[ pcgds(d) +k_hhi (i, s, d)]))+
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sun(i, TRAD_COW VKD(i, s) *[ pcgds(s) +kd_h_i (i, s)]);

E _pbr #Bond price# (All,s, REG pbr(s)=pb;

E pb #World bond price#

O=sum{ s, REG ASHHBDR( s) *[ pbr (s) +gbr(s)] -

[ YCHHDPR( s) * qyhbr (s) +ASHHBDR( s) *yhdr (s)]};

EQUATI ON SAVEPRI CE

I savings price -- (new). The price of savings is now regi on-specific and

is equal to the price of regional investnent, plus an adjustnent factor

whi ch accounts for the fact that regional savings and investment are not

equal . !

(all,r, REG

SAVE(r)*psave(r) = NETINV(r)*pcgds(r) + [SAVE(r)-NETINV(r)]*pbr(r)

+ SAVE(r)*psavesl ack(r) ;

I Renove SALTER definitions of ipahr and iper !

E iper (All,r,REG iper(r)=aer(r)-qer(r);

I Section 3 - Supply equals demand for capital - determ nation of rental

price of capital

(4.6) Market clearing for capital
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E rps #Supply equals demand for capital by host, home and industry#

(All,i, TRAD_ COWM) (Al |, s, home) (Al |, d, host) k_hhi(i,s, d)=gfes(i,s,d):

E rpd #Supply equal s demand for domestic capital by industry#

(All,i, TRAD COW) (Al |, s, home) kd_h_i(i,s)=qfed(i,s);

Erp (All,i, TRAD_COW (Al |, 1, REG
| F{CAP(i,r) ne 0,
CAP(i, r)*(rp(i,r)+afek(i,r))-
[EVDFM(i, r)*(rpd(i,r)+qfed(i,r))+
sun(s, hone, EVIFMS(i, s, r)*(rps(i,s,r)+afes(i,s,r)))]}=

I F{CAP(i,r)=0,rp(i,r)-pfactw d};

I Section 4 - FDI incone flows

E yfdi _hhi (AIl,i, TRAD. COMW) (A I,s, REG (A I, d, REG)
100*yfdi _hhi (i,s,d)= VFDI_HH (i,s,d)*c_trr_hhi(i,s,d) +

VINC HHI (i, s, d)*[pcgds(d)+k_hhi (i,s,d)];
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! The FDI incone nmust be included as a termin the equation defining incone,

SALTER equati on NATL_I NCOME !

E yfdi_h__ (Al,r, REG

yfdi _h__(r)=

sun(i, TRAD_COW sun(d, dest, yfdi _hhi (i,r,d)))-

sum(i , TRAD_COW sun( s, hone, yfdi _hhi (i,s,r)));

I Section 5 - Links to SALTER and GTAP vari abl es

E pcap #SALTER asset price of capital pcap is price of capital owned by hone#

(Al r, REG

pcap(r)=pk_h__(r);

E kr

#Quantity of capital kr is capital residing in the host, rental weights#

(All,d, host) 0=

sunf i , ENDWC_COWM

VOM(i,d) * (pn(i,d)+kr(d))-

sun(j, TRAD_COMWM VFMii , j,d) * (rp(j,d)+afe(i,j,d)))];
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! Section 6 - Asset value of capital and aggregate depreciation

E c_VFDI_HH (All,i, TRAD COW) (Al I, s, hore) (Al |, d, host)

100*c_VFDI _HHI (i, s,d)=VFDl _HHI (i, s, d)*[pcgds(d)+k_hhi(i,s,d)];

E c_VKD (All,i, TRAD COW) (Al |, s, hore)

100*c_VKD(i, s)=VKD(i,s)*[pcgds(s)+kd_h_i(i,s)];

I The update of the GTAP coefficient VDEP needs to be changed so that it is

updated with the variable c¢c_VDEP. This accounts for changes in the

aggregate depreciation rate due to changes in the industrial conposition.

Any GTAP or SALTER code formed under the assunption of a constant aggregate

depreciation rate will need to be changed. It is assuned in the current

code that industry specific depreciation rates are constant. !

E_c_VDEP (Al |, d, REG

¢_VDEP(d) =sun(i , TRAD_COMM DEPRI ND(i , d) *

[c_VKDi,d)+sun(s, horme,c_VFDI _HHI (i,s,d))]);

E deprate (Al,r, REQ depr(r)=deprate(r)+pcgds(r)+kb(r);
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I CRUSCE: a sinplified General Equilibrium Mddel adapted to GTAP data !

I T T B |

| Data coefficients relating to basic commodity flows for industry input !

I demands !

I T B T |

Coefficient (All,c,COM(AIl,s,SRC) (A I,i,IND V1BAS(¢c, s, i)

#l ntermedi ate inputs #;

Coefficient (All,c,COM(AIl,s,SRC) (A I,i,IND) V1TAX(c, s, i)

# Taxes on Basic Internediate flows # ;

Coefficient (Al,i,IND) V1CAP(i) #capital rental s#,
Coefficient (Al,i,IND)(AI,I,LABOR) VILAB_S(i,|) #wage bill s#;
Coefficient (Al,i,IND) VILAB(i) #wage bill s#;

Coefficient (Al,i,|ND) VILND(i) #l and rental s#;
Coefficient (Al,i,|ND) VINR(i) #natural resource rental s#,
Coefficient (Al,i,IND) V1OCT(i) #other cost tickets#;

Read

VIBAS From Fil e KDATA Header "1BAS";

V1TAX From Fi | e KDATA Header "1TAX";
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V1CAP From Fi | e KDATA Header " 1CAP";

VILAB_S From Fi | e KDATA Header "1LAB";

V1LND From Fi |l e KDATA Header "1LND';

VINR From Fi |l e KDATA Header "1NR';

V1COCT From Fi | e KDATA Header "1QOCT";

Updat e
(All,c,COM(AIl,s,SRC)(AI'l,i,IND) VIBAS(c,s,i) = p0O(c,s,i)*x1(c,s,i);
Update (Change) (Al l,c,COM (A Il,s,SRC) (A Il,i,IND

VITAX(c,s,i) = VITAX(c,s,i)*{x1(c,s,i) + pO(c,s,i)}/100 +

{V1BAS(c,s,i) + VAITAX(c,s,i)}*t1(c,s,i)/100;

Updat e
(All,i,IND) VICAP(i) = plcap(i)*xicap(i);
(All,i,IND)(AI,l,LABOR)

VILAB_S(i, 1) = pllab_s(i,l)*x1lab_s(i,l);
(All,i,IND) VILND(i) = pllnd(i)*x1l nd(i);
(All,i,IND) VINR(i) = plnr(i)*xinr(i);
For mul a
(All,i,1ND) VILAB(i)=sun{l, LABOR VILAB S(i,|)];

Coefficient (All,c,COM VOIMP(c) #Total basic - value inmports of good c#;

! fornula appears later !
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I Househol d and Labour Addups !

Coefficient

VILAB | #total |abour bill#;

Formul a

VILAB | = Sun(i,|ND, VILAB(i));

! Aggregates and shares of flows at purchasers’ prices !

| B

Coefficient ! Flows at Purchasers prices !

(All,c,COM (All,s,SRC) (Al ,i,IND) VIPUR(c,s,i) #l nternediate#;
(All,c,CcoM (All, s, SRO V2PUR( c, Ss) #1 nvest nent #;
(All,c,Ccov (Al, s, SRO V3PUR( c, S) #Househol ds#;
(A'l,c,CcOv VAPUR( ¢) #EXport #;
(All,c,CcoM (Al,s, SRO V5PUR( ¢, S) #O her Demand#;
For mul a

(Al'l,c,COM (All,s,SRC)(AIl,i,IND

V1PUR(c,s,i) = V1BAS(c,s,i) + VITAX(c,s,i);

Coefficient ! Flows at Purchaser’s prices: Donmestic + Inported Totals !

(AIl,c, COM (A l,i,ND) VIPUR S(c,i):

(A, c, COM V2PUR S(c)
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(AI'l,c, COM V3PUR S(c)

For mul a

(Al'l,c,COM (A l,i,IND) VIPUR S(c,i) = Sun(s, SRC, VIPUR(c,s,i));
Coefficient ! Source Shares in Flows at Purchaser’s prices !
(Al'l,c,COM(Al,s,SRC)(AIl,i,IND) Si(c,s,i);

(Al'l,c,COM (A I, s, SRO S2(c,s);

(Al'l,c,COM (Al s, SRO S3(c, s);

Zerodi vide Default 0.5;

For mul a

(All,c,COM(Al,s, SRO(Al,i,IND) Si(c,s,i) = VIPUR(c,s,i)/VIPUR S(c,i);

Zerodi vide Of;

| IR T |

Coef fi ci ent
(AI'l,i,!|ND
(AI'l,i,|ND
(AI'l,i,|ND
(AI'l,i,1ND
#Rati o of

Cost and usage aggregat es !

! Industry - Specific Cost Totals !

V1PRI M) #total factor input to industry i#;

VITOT(i) #total cost in each industry#;

VITOT_EQ(i) #total cost in each industry excluding other costs#;

RLOCT(i )

other costs incl. to other cost excl. total costs#;
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(All,i,ND) RLOCTO(i)

#lnitial value of ratio of other costs incl. to other cost excl. total costs#;

(All,i,IND) V2TOT(i) #total capital created for each industry#;

For mul a

(AIl,i,1ND VIPRIMi) = VILAB(i) + VICAP(i) + VILND(i)+ VINR(i);
(All,i,IND VITOT EQ(i) = Sum(c, COM VIPUR S(c,i)) + VIPRIMi) ;
(All,i,1ND) VITOT(i) = VITOT_EQ(i) + VIOCT(i);

(All,i,ND RLOCT(i ) = VITOT(i)/VITOT EQ(i):
(Initial)(All,i,IND) RIOCTO(i) = RLOCT(i);

Updat e

(Change) (Al l,i,IND) VIOCT(i) = {VLOCT(i)*[pltot(i)+x1ltot(i)]+

[ VITOT(i)-VLOCT(i)]*p_rloct (i)}/100;

Coefficient (A, c, COM

DOVBALES(c) #Total donestic sales of donestic comodity c#;

I FTAP CHANGE: Only include V1BAS in DOVSALES !

Formula (Al,c, COM

DOVBALES(c) = Sun(i, | ND, VIBAS(c, "dont,i)) !+ V2BAS(c,"dont') + V3BAS(c,"dont)

+ V5BAS(c, "dont') ! ;

Coefficient (Al,c, COW

SALES(c) #Total sales of donestic comodity c#;
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Formula (All,c, COM SALES(c) = DOVBALES(c) !+ V4BAS(c)!:

! FTAP CHANCE: Only include V1BAS in VOI MP !

Formula (All,c,COM VOIMP(c) =

sun(i, I ND, VIBAS(c, "i np",i))

I+ V2BAS(c,"inp") + V3BAS(c,"inp") + VBBAS(c,"inp")!;

Coefficient (All,c,COM VOCI F(c) #Total ex - duty inports of good c#;

| IR T |

! I ncone - Side Conponents of GDP !

| IR T |

Coefficient ! Aggregate Indirect Tax Revenues !

VITAX_CSI #Aggregate | ndirect Tax Revenue from I ntermedi at e#;

V2TAX_CSI #Aggregate | ndirect Tax Revenue from | nvest nent#;

V3TAX_CS #Aggregate Indirect Tax Revenue from Househol ds#;

VATAX_C #Aggregate | ndirect Tax Revenue from Export#;

V5TAX_CS #Aggregate Indirect Tax Revenue from O her Demand#;

VOTAR C #Aggregate Tariff Revenue#,

VOTAX_CSI #Aggregate Indirect Tax Revenue#;

For mul a

VITAX_CSI = Sun(c, COM Sun(s, SRC, Sun(i, | ND, VITAX(c,s,i))));
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Coefficient ! Al - Industry Factor Cost Aggregates !
V1CAP_I #total payments to capital#;

VILND | #total paynents to | and#;

V1CCT_I #total other cost ticket paynents#;
V1PRI M | #total primary factor paynents#;

VOGDPI NC #nomi nal gdp fromincone side#;

For mul a

V1CAP_|I = Sunt(i,|ND, VICAP(i));

VILND | = Sun(i, | ND, VILND(i));

VIOCT | = Sun(i, | ND, VIOCT(i));

VIPRIM| = VILAB | + VICAP_| + VILND I;

| I |

I Expendi ture-side conponents of GDP !

Coefficient !

Expendi ture Aggregates at Purchaser’s Prices !

VOCI F_C #Total dollar inport costs, excluding tariffs#

VOl MP_C #Total basic - value inports (includes tariffs)#;

V2TOT_| #Total investnment usage#;

V3TOT #Tot al

VATOT #Tot al

V5TOT #t ot al

pur chases by househol ds#;

export earni ngs#;

val ue of other demands#;

VOGDPEXP #Noni nal GDP from expenditure side#
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! Primary factor proportions !

Coefficient (All,i,IND) SIGVALPRI Mi) #CES substitution, primary factors#,
For mul a
(A'l,i,IND) SIGVALPRI Mi)=ESUBVA(I ND2COWi ));

| IR B |

1 5.1 CRUSCE | nput Demand Qeuations for all Donestic and !

! Forei gn owned Industries !

! FTAP NOTE: CQutput tax on FDI industries will be introduced

via other costs !

! FTAP CHANGE: Rewite zero pure profits equations in terns of prices and

quantities to nore easily acconodate the altered specification

of other costs

Equati on E_pltot #Zero pure profits in production #

(Al,i,1ND)
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(TINY + VATOT(i))*{pltot(i) + xltot(i) - f_pltot(i)} =

Sun(c, COM VIPUR S(c,i)*{pl_s(c,i)+x1_s(c,i)})

+ VIPRIMi)*{plprimii) + xlprim(i)} +

{VLIOCT(i)*[ pltot (i)+x1ltot (i)]+[ VITOT(i)-V1OCT(i)]*p_rloct(i)};

Equation E _pltot_eo #O her costs exclusive price of output#

(AIl,i,1ND)

(TINY + VITOT_EQ(i))*{pltot_eo(i) + xltot(i)} =

VATOT(i)*{pltot (i)+xltot(i)}-

{VLOCT(i)*[ pltot (i)+x1ltot(i)]+[ VLTOT(i)-VIOCT(i)]*p_rloct(i)};

| I I S R |

I Top nest of industry input demands !

Equation E _x1_s #Demands for Comodity Conposites #

(All,c,COM (A l,i,|ND)

x1 s(c,i) - altot(i) = xltot(i);

Equation E x1pri m #Demands for primary factor conposite #

(AIl,i,1ND)

xlprim(i) - alprin(i) - altot(i) = x1tot(i);

Equation E pl_s #Effective Price of Cormobdity Conposite #

(All,c,COM(Al,i,|ND)
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pl_s(c,i) = Sun(s, SRC, Si(c,s,i)*{pl(c,s,i)});

Equation E_plprim#Effective price termfor factor demand equati ons #

(AIT,i, IND)(TINY + VIPRI Mi))*plprin(i) =

VILAB(i)*{pllab(i)} + VICAP(i)*{plcap(i)} + VILND(i)*{pllnd(i)} +

VINR(i )*{plnr(i)};

! Import/donestic conposition of internedi ate denmands !

I X1 _S(c,i) = CES(AIl,s, SRC. Xi(c,s,i)) !

Coefficient (All,c,COM SIGW1l(c) #Arm ngton elasticities: Internediate#;

For mul a

(All,c,COM) Sl GVAL(c)=ESUBD(c);

IR S N

Equati on E_x1 #Source - Specific Commobdity Dermands #

(All,c,COM(Al,s, SRO(A,i,|ND

x1(c,s,i) = x1_s(c,i) - SIGVAL(c)*{pl(c,s,i) - pl_s(c,i)};

I FTAP CHANGE: Value coefficients need not occur in the follow ng equation.

Their presence can | ead to some conponents of t1 not occurring

in the nodel, which is not convenient since tl is an endogenous

variable in FTAP2 (see equation E_ t1).
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Equation E_pl #purchasers prices - producers #

(All,c,COM (A I,s, SRO (A ,i,|ND

pl(c,s,i) = pO(c,s,i) + ti(c,s,i)

Equation E x1l ab #l ndustry demands for effective | abour #

(All,i,IND) xllab(i) =

xlprim(i) - SIGVALPRI Mi)*{pllab(i) - plprimii)};

I FTAP ADD. Dermand for |abour by skill!

Equation E x1l ab_s #l ndustry demands for skilled and unskilled | abour#

(AIl,i,IND)(Al,l,LABOR) x1lab_s(i,l) =

x1lab(i) - SIGVALPRI Mi)*{pllab_s(i,l) - pllab(i)};

I FTAP ADD: | ndustry specific wage!

Equati on E_pllab #l ndustry specific wage#

(AIl,i,IND) {TINY+VILAB(i)}*pllab(i) =

suni |, LABOR, VILAB_S(i,|)*pllab_s(i,!)];

Equation E_plcap #l ndustry demands for capital #

(A'l,i,IND) xlcap(i) =

xlprinm(i) - SIGVALIPRIMi)*{plcap(i) - plprimii)};
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Equation E_pll nd #l ndustry demands for |and #

(AP, IND) x1lnd(i) =

xlprim(i) - SIGVALPRI Mi)*{pllnd(i) - plprinm(i)};

! FTAP ADD:. Denands for natural resources !

Equati on E_plnr #l ndustry demands for natural resources#

(All,i,IND) xlnr(i) =

xlprin(i) - SIGVAIPRIMi)*{plnr(i) - plprimii)};

! End of CRUSCE Tablo Input File !

! FTAP EXTENSI ON !

IR S |

Coef ficient

(A1, c, TRAD_ COMM) (Al | ,'s, HOVE) (Al |, d, host) FDI_OUTTAX(c,s, d);

THEFTAPTABLO 543
CODE



For nul a

(All,c, TRAD_ COW) (Al | , s, HOVE) (Al | , d, host) FDI_OUTTAX(c,s, d) =

sunfi, I ND: (I ND2COMWMi) eq c¢) and (HOVE_REGQi) eq s) and (DEST_REE i) eq d),

(RLOCT(i)-1)*100];

DI SPLAY FDI _QUTTAX;

Coef ficient

(Al'l,c, TRAD_ COW) (Al | ,j,FDI_COMM (Al |, r, FDI _DEST) CHK_VDFMcC,|,r);

(Al'l,c, TRAD_ COW) (Al | ,j, FDI_COMM (Al |, r, FDI _DEST) CHK VIFMc,j,r);

(All,c, TRAD COW) (Al | ,j, FDI_COVMM (Al |, r, FDI _DEST) CHK_VDFA(C,j,r);

(Al'l,c, TRAD_ COW) (Al | ,j, FDI_COMM (Al |, r, FDI _DEST) CHK_VIFA(C,j,r);

(All,i, TRAD COMM (Al | s, hone) (Al I, d, host) CHK_EVI FAS(i,s, d):

(All,i, TRAD COW) (Al |, r, REG CHK_EVDFA(i,r):;

(Al'l,i, TRAD COW) (Al |, 1, REG CHK_PTAX(i,r);

(AIl,i, TRAD COW) (Al |, r, REG CHK_VOA(i,r):

For nul a

(Al'l,c, TRAD_ COW (Al ,j, FDI _COwW (Al , d, FDI _DEST)

CHK_VDFM ¢, j , d) =0;

(Al'l, c, TRAD COMM) (Al |, j, FDI_COMM (Al |, d, FDI _DEST: FDI _FLAGL(j , d) >0)

CHK_VDFM c, j, d) =abs{VDFMc, j , d) -

sunfi, I ND: (I ND2COWi) eq j) and (DEST_REQi) eq d), VIBAS(c,"dont,i)]};

(Al'l,c, TRAD_ COW (Al ,j, FD _COw (Al I, d, FDI _DEST)
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CHK_ VIFMc, j, d) =0;

(Al'l,c, TRAD COW) (Al |, j, FDI_COVMM (Al |, d, FDI _DEST: FDI _FLAGL(j , d) >0)

CHK_VI FM(c, j , d) =abs{VI FMc, j , d) -

sunfi, | ND: (I ND2COMMi) eq j) and (DEST_REQ i) eq d), VIBAS(c,"inp",i)]};

(A1, c, TRAD COW) (Al | ,j, FDI_COMM (Al |, d, FDI _DEST)

CHK_VDFA(c, j, d)=0;

(Al'l,c, TRAD COW) (Al |, j, FDI_COW) (Al |, d, FDI _DEST: FDI _FLAGL(j , d) >0)

CHK_VDFA(c, j, d)=abs{VDFA(c, |, d)-

sunfi, | ND: (I ND2COMMi) eq j) and (DEST_REQ i) eq d), VIPUR(c,"doni,i)]};

(All,c, TRAD COMWM) (Al l,j, FDI_COW) (Al |, d, FDI _DEST)

CHK_VI FA(c, j , d) =0;

(Al'l,c, TRAD COW) (Al |, j, FDI_COW) (Al |, d, FDI _DEST: FDI _FLAGL(j , d) >0)

CHK_VI FA(c, j , d) =abs{ VI FA(c, j , d) -

sunfi, I ND: (I ND2COMMi) eq j) and (DEST_REQi) eq d), VIPUR(c,"inmp",i)]};

(Al'l,j, TRAD_ COW) (Al |, s, home) (Al |, d, host)

CHK_EVI FAS(j , s, d) =abs{ EVI FAS(j , s, d) -

sunfi, | ND: (I ND2COMMi) eq j) and

(HOVE_REGi) eq s) and

(DEST_REEi) eq d) and

(NOT_DOMi) eq 1),

VICAP(i )]}

(All,j, TRAD COW) (Al |, r, REG)

THEFTAPTABLO
CODE

545



CHK_EVDFA(j , r) =0;

(Al'l,j, TRAD COMM (Al |, r, REG FDI _FLAGL(j, r) >0)

CHK_EVDFA(j, r)=abs{ EVDFA(j,r)-

sunfi, I ND: (I ND2COWM i) eq j) and

(HOVE_REGE(i) eq r) and

(DEST_REG(i) eq r) and

(NOT_DOM(i) eq 0),

VICAP(i )]},

(All,j, TRAD COW) (Al |, r, REG)

CHK_PTAX(j , r) =0;

(Al'l,j, TRAD. COW) (Al |, r, REG FDI _FLAGL(j,r)>0)

CHK_PTAX(j , r)=abs{[ VOMj , r)-VOA(j,r)]-

sunfi, | ND: (I ND2COW(i) eq j) and

(DEST_REGi) eq r),

VICCT(i) ]},

(All,i, TRAD COW) (Al |, r, REG CHK_VOA(i,r) =0;

(Al'l,i, TRAD_ COW) (Al |, r, REG FDI _FLAGL(i, r)>0) CHK_VOA(i,r)=

VOA(i,r)-sunfj,IND: (DEST_REEj) eq r) and (I ND2COMMj) eq i), VITOT_EQ(j)];
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VWRI TE

VWRI TE

VWRI TE

VWRI TE

VWRI TE

VWRI TE

VWRI TE

VWRI TE

CHK_VDFM TO FI LE chk_fil e HEADER "VDFM';

CHK_VI FM TO FI LE chk_fil e HEADER "VI FM';

CHK_VDFA TO FI LE chk_fil e HEADER " VDFA";

CHK_VI FA TO FI LE chk_fil e HEADER "VI FA";

CHK_EVI FAS TO FI LE chk_fil e HEADER "EVAS";

CHK_EVDFA TO FI LE chk_fil e HEADER "EVDA";

CHK_PTAX TO FI LE chk_fil e HEADER " PTAX";

CHK_VOA TO FI LE chk_fil e HEADER "VOA",

COEFFI CI ENT (al |, i, TRAD_ COW) (al | , o, HOVE) (al | , s, REG) (al | , d, REG)

FOBSHRL2(i , 0, s,d) ;

(all,i, TRAD COW) (al | ,s, REG (al |, d, REG FOBSHR2(i,s,d) ;

COEFFI CI ENT (al |, i, TRAD_ COMM (al |, h, HOVE) (al | , s, REG) (al | , d, REQ)

VIWR_D(i, h,s,d) ;

(all,i, TRAD COW) (all,s, REG (al |, d, REG VIWR DX(i,s,d)
COEFFI CIENT (all,i, TRAD COMW) (al |, 1, REG) (al |, s, REG TRNSHR2(i, |, s);
COEFFI CI ENT (al |, i, TRAD_ COW) (al | , 0, HOVE) (al | , |, REG) (al | , d, REG)

TRNSHRL2(i,0,1,d) ;
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ZERODI VI DE DEFAULT O ;

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

FOBSHR2(i,s,d) = VWD _DD(i,s,d)/VIW_Di,s,d) ;

FORMULA (al |, i, TRAD_ COMM (al |, o, HOMVE) (al | , s, REG) (al | , d, REG)

FOBSHRL2(i,0,s,d) = VXWD_Xi,o0,s,d)/VIW _D(i,o,s,d) ;

FORMULA (all,i, TRAD COMV (al | , s, REG) (al |, d, REG)

VIWR DD(i,s,d) = VIWS DD(i,s,d) - VXWD DD(i,s,d) ;

FORMULA (al |, i, TRAD COW) (al | , o, HOVE) (al | , s, REG) (al | , d, REG

VIWVR Xi,o0,s,d) = VIWS i,o,s,d) - VAVWD IXi,o,s,d)

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

TRNSHR2(i,1,s) = VIVWR DD(i, |, s)/VIWS DD(i,I,s)

FORMULA (al |, i, TRAD COW) (al |, 0, HOVE) (al | , |, REG) (al | , s, REG

TRNSHRL2(i,0,1,s) = VIWR D(i,o0,l,s)/VIWS_i,o,l,s) ;

ZERODI VI DE ( ZERO BY_ZERO) OFF ;

COEFFI CI ENT (al |, nl, NONLAB_ENDW (al | , r, REG) NONLABSHR( nl , r)

#share of non lab endw nl in tot non | abour endw earnings in reg r#;

COEFFI CI ENT (all, r, REG TOTNONLAB(r)
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#total non | abour endownent earnings in region r#;

COEFFI CIENT (Al |, i, TRAD COMM (Al |, r, REG)

#Agent s val ue of output of donestic industry#;

COEFFI CI ENT (Al l, i, TRAD_ COW) (Al |, 0, HOVE) (Al | , r, REG)

#Agents val ue of output of foreign industry#;

COEFFI CI ENT (Al |, i, TRAD COMM (Al |, r, REG)

#Mar ket val ue of output of donestic industry#;

COEFFI CI ENT (Al l, i, TRAD_ COW) (Al |, 0, HOVE) (Al | , r, REG)

#Mar ket val ue of output of foreign industry#;

COEFFI CI ENT (Al l, i, PROD_ COW) (Al |, 0, HOVE) (Al | , r, REG)

#Qut put tax of foreign industry#;

COEFFI CIENT (Al |, i, TRAD COMM (Al |, r, REG)

#Mar ket val ue of exports of domestic industry#;

COEFFI CI ENT (Al |, i, TRAD_COMM (Al |, 0, HOVE) (Al |, 1, REG)

#Mar ket val ue of exports of foreign industry#;

VODA(i , 1)

VOHA(i, 0, 1)

VODMi |, 1)

VOHMi, o, 1)

PHTAX(i,0,r1)

VXDM(i |, 1)

VXH\Vi, o, 1)
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COEFFI CIENT (all,i, TRAD COW) (al |, r, REG) CHK_VDM(i , ) ;

COEFFI CI ENT (Al l,i, TRAD COW) (Al |, r, REG) VDDM(i , 1)

#Mar ket val ue of donmestic use of domestic industry output#;

COEFFI CI ENT (Al l, i, TRAD_ COW) (Al |, 0, HOVE) (Al | , r, REG) VDHM(i , 0, 1)

#Mar ket val ue of donestic use of foreign industry output#;

COEFFI CI ENT (Al l, i, TRAD_ COW) (Al |, 0, HOVE) (Al | , d, DEST) VI HDM(i , 0, d)

#Mar ket val ue of inports by conm owner of producing ind. and destinati on#;

COEFFI CI ENT (Al l, i, TRAD_ COW) (Al |, d, DEST) VIDMi, d)

#Mar ket val ue of inports by commodity and destinati on#,;

COEFFI CIENT (Al 1, d, host) (Al |, i, TRAD COW) VKF__Hi (i, d)

#Petri asset value of foreign capital in destination region by industry#;

CCOEFFI CI ENT (Al l,d, host) VKF__H (d)

#Petri asset value of foreign capital in destination regi on#;

CCEFFI CI ENT (Al l,d, host) VKD__H (d)

#Petri asset value of domestic capital by region#;

COEFFI CIENT (Al |, 1, REG) CHECK_TYPR(r);
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COEFFI CI ENT (al |, r, REG) CHK_CAPTAX(r)

# check tax on capital income between GTAP and FTAP, by region #;

IR T T R |

FORMULA

(All,i, TRAD COMW) (Al |, r, REG VODA(i,r)=

| F{FDI _FLAGL(i,r) ne O,

sunfj, I ND: (I ND2COMj) eq i) and (DEST_REQj) eq r) and

(HOVE_REEj) eq r) and (NOT_DOMVj)=0), VITOT_EQ(j)]}+

| F{FDI _FLAGL(i,r)=0, VOA(i,r)};

(All,i, TRAD_ COW) (Al |, 0, HOVE) (Al |, 1, REG VOHA(i,o0,r)=

sunfj, I ND: (I ND2COMMj) eq i) and (DEST_REQj) eq r) and

(HOVE_REEj) eq o) and (NOT_DOMj)=1), VITOT_EQ(j)];

(All,i, TRAD COW) (Al |, r, REG VODMi,r)=

| F{FDI _FLAGL(i,r) ne O,

sunfj, ! ND: (I ND2COMj) eq i) and (DEST_REQj) eq r) and

(HOVE_REG(j) eq r) and (NOT_DOM|)=0), V1TOT(j)]}+

| F{FDI _FLAGL(i,r)=0,VOMi,r)};

THEFTAPTABLO
CODE

551



(AIl,i, TRAD COW) (Al |, 0, HOVE) (Al | ,r, REG VOHMi,o0,r)=

sunij, I ND: (I ND2COMj) eq i) and (DEST_REQj) eq r) and

(HOME_REQ(j) eq o) and (NOT_DOMj)=1), VITOT(j)];

FORMULA

(All,i, PROD_COW) (Al |, 0, HOVE) (Al |, r, REG PHTAX(i, o, r) =0;

(A'l,i, TRAD COW (Al , 0, HOVE) (Al l ,r, REG PHTAX(i,0,r)=VOHMi,o0,r)-VOHA(i,0,r);

I Formul ae for income accounting noved from above since mnust include

rent from output inpedinments in incone. !

(All,r, REG ANPTAX(r)=sunii, PROD_COWM PTAX(i, r)*(1- SHPTAX(i, r))];

FORMULA (Al l,i, TRAD_ COW) (Al |, 0, HOVE) (Al |, | , HOST)

ANKTAX_HHI (i, 0, 1)=EVI FAS(i,0,1)-EVIFMS(i,0,1);

FORMULA (Al l,i, TRAD_ COW) (Al |, 0, HOVE) (Al |, | , HOST)

ANPTAX_HHI (i, 0,1)=(1- SHPTAX(i, 1)) *{VOHMi , 0, 1) - VOHA(i , 0, 1)}

FORMULA

(All,r, REG CHECK TYPR(r)=TYPR L(r);

I First define ANLKP] TAX_H _ as the anounts of incone subject to tax in the
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home country.

FORMULA (Al l,r, REG

ANKTAX_H_ (1) =

I F{ home_t ax_ank ne 0, home_tax_ank*{

suni i, TRAD_COW suni d, DEST, ANKTAX_HHI (i,r,d)]] -

sun{i, TRAD_COMM suni s, HOVE, ANKTAX_HHI (i, s, r)]]1}}+

I F{host _tax_ank ne 0, host_tax_ank*{

sunfi, TRAD_COMM suni s, HOME, ANKTAX_HHI (i,s,r)]]}};

FORMULA (Al l,r, REG

ANPTAX_H _(r)=

| F{home_t ax_anp ne 0, hone_tax_anp*{

suni i, TRAD_COW suni d, DEST, ANPTAX_HHI (i,r,d)]]-

sunfi, TRAD_COW suni s, HOVE, ANPTAX HHI (i,s,r)]]}}+

| F{host _tax_anp ne 0, host_tax_anp*{

sun{i, TRAD_COMM suni s, HOVE, ANPTAX_HHI (i, s, r)]11}};

FORMULA (al |, r, REG TOTNONLAB(r) =

sun(nl, NONLAB_ ENDW VOMnl,r))-VDEP(r) +

[ YCHHI TR(r) +ANKTAX( 1) +ANKTAX_H__(r) +ANPTAX(r) +ANPTAX H_ (r)];
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I Now define ANfKP]TAX H as the amounts of incone received in the

home country.

FORMULA (Al l,r, REG)

ANKTAX H_ (r)=

| F{home_t ax_ank ne 0, hone_tax_ank*{

sun{i, TRAD_COW suni d, DEST, ANKTAX_HHI (i, r, d)]]-

sunii, TRAD_COW suni s, HOVE, ANKTAX HHI (i,s,r)]]}}+

| F{host _tax_ank ne 0, host_tax_ank*{

suni i, TRAD_COWM sunf d, DEST, [ 1- TYPR_L(d)]* ANKTAX_HHI (i, r,d)]]-

sun{i, TRAD_COWM sunis, HOVE, [ 1- TYPR L(r)]*ANKTAX_HHI (i,s,r)]]}};

FORMULA (Al l,r, REG)

ANPTAX H (r)=

| F{home_t ax_anp ne 0, hone_t ax_anp*{

sun{i, TRAD_COW suni d, DEST, ANPTAX_HHI (i, r,d)]]-

sunii, TRAD_COWM suni s, HOVE, ANPTAX HHI (i,s,r)]]1}}+

| F{host _tax_anp ne 0, host_tax_anp*{

sun{ i, TRAD_COWM sunf d, DEST, [ 1- TYPR L(d)]*ANPTAX_HHI (i,r,d)]]-

sunii, TRAD_COWM suni's, HOVE, [ 1- TYPR L(r)]*ANPTAX_HHI (i,s,r)]]}};
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FORMULA (al |, nl, NONLAB_ENDW (al | , r, REG)

NONLABSHR(nl , r) = VOMnl,r) / TOTNONLAB(r);

FORMULA (I NITIAL) (all,nl, NONLAB_ENDW (al |, r, REG)

EVOA(nl,r) = EVOA(nl,r) - | F[FIRST>0.5, (RVTXYCPPR(r)* NONLABSHR(nl , r))];

ASSERTI ON #check EVOA(i,r) greater than zero#

(all,i, ENDW.COW) (al |, r, REG EVOA(i,r)>0;

FORMULA

(All,r, REG TYPR L(r)=RVTXYCPPR(r)/ TOTNONLAB(r);

(All,r,REG TCHH TR(r)=TYPR L(r)*YCHHI TR(r);

(All,r, REG TDEP(r)=TYPR L(r)*VDEP(r);

FORMULA

(All,r, REG CHECK TYPR(r)=CHECK TYPR(r)-TYPR L(r);

FORMULA (Al l, r, REG)

CHK_CAPTAX(r) =TYPR_L(r)*KTT(r)-sunii, ENDAWC_COMM VOM.i , r)-VOA(i, r)];

DI SPLAY CHK_CAPTAX; CHECK TYPR;
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I Cal culate FDI incone
FORMULA
(A'l,i, TRAD COW) (Al I, s, hone) (Al I, d, host)
VINC HHI (i, s, d)=[1-TYPR L(d)]*RR_HHI (i, s, d)*VFDI _HHI (i,s,d);
(All,r,REG VINCH (r)=
sum(i , TRAD_COW sun(d, dest, VINC HHI (i, r,d)))-

sun(i, TRAD_COW sun(s, home, VINC HHI (i,s,r)));

FORMULA (INITIAL) (all,r, REG

SAVE(r) =SAVE(r) +| F[ FI RST>0. 5, RCGVI TR(r ) +YCHHI TR(r ) +ANKTAX_H_ (r)+VINC_ H_(r)];

I househol d property inconme, by region!
FORMULA (all,r, REG
YCHHPPR( r ) =YCEQR( ) +YCHHI TR(r ) +ANKTAX(r) +ANKTAX H_(r)+

ANPTAX(r) +ANPTAX_H__(r)+VINC H_(r);

' househol d i ncone, by region!
FORMULA (all,r,REG YCHHR(r) = LTT(r) + YCHHPPR(r) + URGVHHR(r)+
sunii, TRAD_COW suni d, DEST,

(1- SHXTAXD(i, r, d))* XTAXD(i, r,d)]];

I private househol d di sposabl e i ncome, by region!

FORMULA (al |, r, REG YCHHDPR(r) = YCHHR(r) - RVTXYCR(r);
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I'private househol d savings, by region!

FORMULA (all,r, REG) SVT(r) = YCHHDPR(r) - PRI VEXP(r)

I'househol d pre-transfer incone, by region!

FORMULA (all,r, REG) YCHHPVR(r) = LTT(r) + YCHHPPR(r) - RVTXYCR(r);

I'househol d property incone |ess FDI income, by region!

FORMULA (all,r, REG) YCHHPPRLOC(r)=YCHHPPR(r)-VINC H (r);

(All,r, REG YOUTI MPTAX(r)=

| F{host _tax_anp ne 0, host _tax_anp*{

-sun{i, TRAD_COW sunf d, DEST, [ 1- TYPR_L(d)]* ANPTAX_HHI (i, r, d)]]

+sun i, TRAD_COWM sunfs, HOVE, [ 2- TYPR L(r)]*ANPTAX_HHI (i,s,r)]]}};

(A'l,r, REG YKAPI MPTAX(r) =

| F{ host _tax_ank ne 0, host _t ax_ank*{

-sun{i, TRAD_COWM sunf d, DEST, [ 1- TYPR_L(d)]* ANKTAX_HHI (i ,r, d)]]

+sunf i, TRAD_COWM sunfs, HOVE, [ 2- TYPR L(r)]*ANKTAX_HHI (i,s,r)]]}};

' househol d property inconme which is taxed!

FORMULA (all, r, REG

YCHHPPRTAX( 1) =YCHHPPR( 1 ) +YOUTI MPTAX( 1) +YKAPI MPTAX(r)-VINC H_(r);

I'net interest income, by region!

THEFTAPTABLO
CODE

557



FORMULA (all,r,REG YCI TR(r) = YCHHI TR(r) + RCGVI TR(r);

I'net ownership of bonds, by reg!

FORMULA (al |, r, REG ASBDR(r) = YCI TR(r)/RTBD,

'world net ownership of bonds!

FORMULA ASBD = sun(r, REG ASBDR(r)!/ECRT(r)!):

I'net househol d ownership of bonds, by region!

FORMULA (al |, r, REG ASHHBDR(r) = YCHHI TR(r)/RTBD;

I'private household wealth, by region!

FORMULA (al |, r, REG ASHHR(r) = ASEQR(r) + ASHHBDR(r);

I'nomi nal income, by region!

FORMULA (al |, r, REG)

YCR(r) =YFNT(r) +YCl TR(r) +GRCOMT(r) +VI NC_H__ (1) +ANKTAX_H__(r) +ANKTAX(r) +

ANPTAX(r) +ANPTAX_H__(r);

FORMULA (all,r, REG CHECK YCR(r) = YCR(r)-INCOVE(r);

DI SPLAY CHECK_YCR,

'worl d nom nal incone!
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FORMULA YC = sun(r, REG YCR(r)!/ECRT(r)!);

I'saving, by region!

FORMULA (all,r,REG) SVR(r) = YCR(r) - EPCSR(r);

FORMULA (al |, r, REG

GNEL(r) = PRIVEXP(r) + GOVEXP(r) + REG NV(r):

FORMULA (al |, r, REG GNPL(r)

GDP(r) + YC TR(r);

FORMULA (all,r, REG NCIL(r)

NETI NV(r) - SVR(r) ;

FORMULA WGPL = sun(r, REG GDP(r));
FORMULA YO T = sun(r, REG YCITR(r));
FORMULA WACI L = sun(r, REG NCIL(r));
FORMULA ASKP = sun(r, REG VKB(r));
FORMULA WNVTT = sun(r, REG REG NV(r));

FORVMULA (Al l,i, TRAD COMM (Al |, s, SOURCE) VXDM(i, s)=sunid, DEST, VXMD_DI(i, s, d)];

FORVMULA (Al l,i, TRAD COMM (Al |, r, REG VDDM(i,r)=VODMi,r)-VXDMi,r)-VDST(i,r);

FORMULA (Al l,i, TRAD COMV) (Al |, 0, HOVE) (Al | , |, HOST)

VXHM i, o, | ) =suni d, DEST, VXMD_D(i,o0,1,d)];

FORVMULA (Al l,i, TRAD COMV) (Al |, 0, HOVE) (Al | , r, REG)

VDHMi, 0, r)=VOHMi,0,r)-VXHMi,0,r)-VHST(i,o0,r);
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FORMULA (Al |, i, TRAD COM (Al |, r, REG)

CHK_VDM(i, r)=VDMi,r)-{VDDMi, r)+sunio, HOVE, VDH i, 0,r)]};

FORMULA (Al |, i, TRAD COMV) (Al |, 0, HOVE) (Al | , d, DEST)

VIHDM i, 0,d)= sunl,HOST: (o ne d) or (I eq d),VIMS_Di,o,|,d)]+

VDHMi , o, d) +VI M5_DIXi , o, d) ;

FORMULA (Al l,i, TRAD COW) (Al |, d, DEST)

VIDMi, d) =suni o, HOVE, VIHDM i , 0, d) ] ;

FORMULA (Al l,d, host) (Al l,i, TRAD COW)

VKF__Hl (i, d)=sunis, horme, VK HHI (i,s,d)];

FORMULA (Al l,d, host) VKF__H (d)=sunii, TRAD_ COW VKF__HI (i, d)];

FORMULA (A, d, host) VKD__H (d)=sunii, TRAD_ COW VKD H I (i, d)];

WRI TE CHK_VDM TO FI LE chk_fil e HEADER " VDM';

| R |

I 5.2 I ntegration of CRUSCE and GTAP !

! One-t o- One Correspondence Equations !
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IR |

' Prices system!

EQUATI ON
E psd (All,i, TRAD COW) (Al |, r, REG)
psd(i,r)-pfactw d=sunfj, | ND: (I ND2COMMj) eq i) and (HOVE_REGj) eq r) and
(DEST_REE(j) eq r) and (NOT_DOMj)=0),
pltot_eo(j)-pfactw d] +

| F[ FDI _FLAGL(i,r)=0, ps(i,r)-pfactw d];

E pod (All,i, TRAD COW) (Al I, r, REG)
pod(i, r)-pfactw d=sunfj, | ND: (I ND2COMMj) eq i) and (HOVE_REGj) eq r) and
(DEST_REE(j) eq r) and (NOT_DOMj)=0),
pltot(j)-pfactw d] +

| F[ FDI _FLAGL(i,r)=0, pn(i,r)-pfactw d];

E psh (All,i, TRAD_COW) (Al'l, h, HOVE) (Al | , d, host)
psh(i, h,d)-pfactw d=sunij, | ND: (I ND2COW(j) eq i) and (HOVE_REE ) eq h) and
(DEST_REE(j) eq d) and (NOT_DOMj)=1),

pltot _eo(j)-pfactw d];

E_poh (All,i, TRAD COW) (Al |, h, HOVE) (Al |, d, host)

poh(i, h,d)-pfactw d=sunij, | ND: (I ND2COVWMj) eq i) and (HOME_REGEj) eq h) and
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(DEST_REEj) eq d) and (NOT_DOMj)=1),

pltot(j)-pfactw d];

I The next two equations inply that the tax on each internediate input is

uni formw thin each group of FDI industries producing the same comodity.

Equati on E_pO #Define basic prices pO in ternms of pds and pid#

(All,c,COM (A I,s, SRO (A ,i, | ND

pO(c,s,i)=IF{IS DOMs) =1, pds(c, DEST_REGi))}+

I F{1 S_DOM s) =0, pi d(c, DEST_REG(i))};

Equation E t1 #Define purchasers prices pl in terns of pfd and pfm#

(All,c,COM (A I,s, SRO (A ,i,|ND

pl(c,s,i)=IF{1S DOV s)=1, pfd(c, | ND2COMM i), DEST REGi))}+

| F{1S_DOM s) =0, pf m{c, | ND2COMM(i ) , DEST_REG(i))};

I Link changes in other costs ie. FDI industry output inpedinments, to the

vari abl es renotax* which facilitate easy shocking of these inpedinents. !

E p_rloct (Al,i,IND)

R1OCT(i)*p_rloct(i)=

| F{ (NOT_DOMi)=1) or (HOME_REG(i) ne DEST REG(i)),
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RLOCT(i ) *t of (1 ND2COMM(i ) , HOVE_REG(i ), DEST REG(i)) +

[ 1- RLOCTO(i )] *r enot axf (| ND2COWMi ), HOVE_REG(i ), DEST_REG(i))}+

| F{ (NOT_DOMi)=0) and (HOME_REGRi) eq DEST REG)),

RLOCT(i ) *t od( | ND2COVM i ) , HOVE_REG(i ) ) +

[ 1- RLOCTO(i )] *r enot axd( | ND2COMMi ), HOVE_ REG(i))};

I Equate CRUSCE and FTAP versions of all other prinmary factor denand

prices. This inplies that the taxes on non-capital prinmary factor

inputs are uniformw thin each group of FDI industries producing the

same commodity.

E pllab_s (Al,i,IND(AI,I,LABOR

pllab_s(i,!)=pfe(l, | ND2COW( i), DEST_REGi)):

E x1ind (A l,i,IND)

pll nd(i)=suni!, LAND, pfe(l, | ND2COWi ), DEST_REXi))]:

E x1nr (All,i,IND)

plnr(i)=sunfl, NATRES, pfe(l, | ND2COMMi ), DEST REG(i))];

! Equate Qutput in CRUSCE to output in FTAP !
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E x1tot (All,i,|ND)

x1tot (i) = F{NOT_DOM ) =0, qod( | ND2COMV(i ) , DEST_REG(i ))}+

| F{NOT_DOM_i ) =1, qoh(| ND2COMM(i ) , HOVE_REG(i ) , DEST REG(i))};

I Demand for capital !

| Equate the denmand for capital in CRUSCE i ndustries

with the demand for capital in foreign and donestic industries in FTAP.

E xlcap (All,i,|ND)

x1cap(i)=I F[ NOT_DOM ) =1, qf es(| ND2COWMi ) , HOVE_REG(i ), DEST REG(i))] +

| F[ NOT_DOM(i ) =0, qf ed( 1 ND2COVWM(i ), HOVE_REGQ(i))1;

I Equate the price of capital in CRUSCE industries

with the price of capital in foreign and donmestic industries in FTAP.

Consequent |y, drop FTAP equations E_gfes and E_qgf ed.

E gqfes (Al,c, TRAD_ COW (Al |, s, honme) (Al |, d, host)

pfesa(c,s,d)-pfactw d=

sunii, | ND: (I ND2COMWMi) eq c¢) and (HOVE_REQ i) eq s) and
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(DEST_REG(i) eq d) and (NOT_DOMi)=1),

plcap(i)-pfactw d];

E gqfed (Al,c, TRAD COW (Al |, r, REG

| F{FDI _FLAGL(c, r) >0,

pfeda(c, r)-pfactw d-

sunfi, | ND: (I ND2COW(i) eq c¢) and (HOVE_REGE i) eq r) and

(DEST_REG(i) eq r) and (NOT_DOMi)=0), plcap(i)-pfactwid]}=

| F{FDl _FLAGL(c,r)=0, gf ed(c, r)-sunik, ENDAC_ COW qf e(k,c,r)]};

I In FTAP gfei is defined as a share wei ghted aggregate, rather than as an

input in the nested CES demand for different types of capital.

E gfei (Al,i, TRAD COM) (All,d, host)

{EVI FA(i , d) +| F[EVI FA(i, d) =0, 1] }*qf i (i , d) =

suni s, hone: EVI FAS(i, s, d) >0, EVI FAS(i, s, d)*qfes(i, s, d)];

IR T A |

1 5.3 I ntegration of CRUSOE and GTAP code redefinition of !

! GTAP vari abl es as aggregate of CRUSCE vari abl es !

IR T A |

THEFTAPTABLO 565
CODE



I Sunming across inputs into FDI industries !

I Define FTAP intermediate inputs and primary factor demands by

i ndustry as suns across CRUSCE i ndustries.

Ef gf (All,c, TRAD.COW) (Al l,i,FDI_COM (A I, r, FDI _DEST)

VFA(c,i,r)*f_qgf(c,i,r)=sun{j,|ND: (DEST_REGEj) eq r) and

(I'ND2COMj) eq i),

VIPUR S(c,j)*x1_s(c,j)};

Ef gfd (Al,c, TRAD. COW) (Al l,i,FDI_COW) (Al I, r, FDI _DEST)

VDFM c,i,r)*f_qfd(c,i,r)=sunfj, I ND: (DEST_REQj) eq r) and

(I'ND2COMj) eq i),

V1BAS(c, "dont,j)*x1(c,"dont,j)];

Ef gfm (A l,c, TRAD COW) (Al l,i,FDI_COW) (Al I, r, FDI _DEST)

VIFMc,i,r)*f_qgfm(c,i,r)=sunij,IND: (DEST_REGj) eq r) and

(1 ND2COMM(j) eq i),

VIBAS(c, "imp",j)*x1(c,"inmp",j)];

Ef qva (All,i,FDI_COMM (Al l,r, FDI _DEST)

WA(i,r)*f_qva(i,r)=sun{j,|ND: (DEST_REEj) eq r) and
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(I'ND2COMj) eq i),

VIPRIMj ) *x1prin(j)};

Ef gfel (All,c, LABOR)(AI,i, FDI_COW) (All,r, FDI _DEST)

EVFA(c,i,r)*[pfe(c,i,r)+f _qgfel(c,i,r)-pfactwd]=

sum{j, | ND: (DEST_REGQ(j) eq r) and

(I'ND2COMj) eq i),

VILAB S(j,c)*[pllab_s(j,c)+x1llab_s(j,c)-pfactwd]};

Ef qgfek (All,c, ENDAC COVM (Al l,i, FDI_COMM (Al l,r, FDI _DEST)

EVFA(c,i,r)*f_qfek(c,i,r)=

sum{j, | ND: (DEST_REGQ(j) eq r) and

(I'ND2COMj) eq i),

V1CAP(j)*x1lcap(j)};

Ef gfen (All,c, LAND)(All,i, FDI_COM) (A I, r, FDI _DEST)

| F[EVFA(c,i,r)=0,f _gfen(c,i,r)]=

| F[ EVFA(c,i,r) ne O,

EVFA(c,i,r)*[pfe(c,i,r)+f_qgfen(c,i,r)-pfactw d]-

sun{j, | ND: (DEST_REGj) eq r) and

(I'ND2COMj) eq i),

VILND(j ) *[ p1l nd(j ) +x1l nd(j) - pfactw d] }]:

Ef _gfenr (All,c, NATRES) (Al l,i, FDI_COMM (Al I, r, FDI _DEST)
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| FlEVFA(c,i,r)=0,f _qgfenr(c,i,r)]=

| F[ EVFA(c,i,r) ne O,

EVFA(c,i,r)*[pfe(c,i,r)+f_qgfenr(c,i,r)-pfactwd]-

sum{j, | ND: (DEST_REQj) eq r) and

(I'ND2COMM(j) eq i),

VINR(j)*[plnr(j)+x1nr(j)-pfactw d]}];

Ef pf (All,c, TRAD.COW) (Al l,i, FDI_COM (Al |, r, FDI _DEST)

[VFA(c,i,r)+l F(VFA(c,i,r)=0,1)]*[f_pf(c,i,r)-pfactwd]=

sun{j, | ND: (DEST_REEj) eq r) and (I ND2COW(j) eq i),

VIPUR S(c,j)*[pl_s(c,j)-pfactwi d]};

! Qut put !

I Repl aces equation MKTCLTRD which is nullified by endogenising variabl e

tradsl ack. !

E qo (All,i, TRAD. COW) (Al |, r, REG [VOMi,r)+ F(VOMi,r)=0,1)]*qo(i,r)=

I F{VOMi,r) ne O,

VODM(i , r)*qod(i, r)+sunfo, HOVE, VOHM i, o,r)*qgoh(i,o0,r)]};

E qoa (All,i, TRAD_ COW (Al ,r, REG [VOA(i,r)+l F(VOA(i,r)=0,1)]*qoa(i,r)=

| F{VOA(i,r) ne 0,

VODA(i, r)*qod(i,r)+sunfo, HOVE, VOHA(i, 0, r)*qgoh(i,o,r)]};
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! FTAP narket price of output pmis a share weighted sum of

CRUSCE i ndustry output prices pltot. This is ensured by endogeni sing

FTAP out put taxes on industries so that they nove consistently with

CRUSCE ot her costs.

Eto FDI (All,i, TRAD COWM (A |, r, REG)

| F{FDI _FLAGL(i,r) >0,

VOMi, r)*{pn(i,r)+qo(i,r)}-sun{j, I ND (DEST REGj) eq r) and

(I ND2COMMj) eq i),

VITOT(j ) *{pltot(j)+xltot(j)}]1}=

I F{FDI _FLAGL(i,r)=0,to(i,r)-to_shk(i,r)};

E tof (Al,i, TRAD COMM (All, 0, HOVE) (Al l, 1, HOST)

tof (i,0,1)=to_shk(i,|)+f tof(i,o,1);

E tod (Al,i, TRAD. COW (Al ,r, REG tod(i,r)=to_shk(i,r);

EQUATI ON E_check_evfa (Al |, c, ENDW COMM (Al |, j, FDI_COMM (Al |, r, FDI _DEST)

check_evfa(c,j,r)=

| F{(FDI _FLAGL(j,r) ne 0) and (EVFA(c,j,r)>0),
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pfe(c,j,r)+afe(c,j,r)-
sunfi, I ND: (I ND2COMWM i) eq j) and (DEST _REGi) eq r),
suni k, ENDWC_COMM k eq c,
V1CAP(i)/EVFA(c,j,r)*(plcap(i)+xlcap(i))]+
sunf k, LABOR: k eq c,
VILAB S(i, k)/EVFA(cC, |, r)*(pllab_s(i,k)+x1llab_s(i, k))]+
suni k, LAND: k eq c,
VILND(i)/EVFA(C,j,r)*(pll nd(i)+x1lnd(i))]+
suni k, NATRES: k eq c,

VINR(i )/ EVFA(c,j,r)*(plnr(i)+xinr(i))]

EQUATI ON E_check_vdfm (Al |, c, TRAD COMM) (Al |, j, FDI_COMM (Al |, r, FDI _DEST)
check_vdfn(c,j,r)=
| F{ (FDI _FLAGL(j,r) ne 0) and (VDFMc,j,r)>0),
pds(c,r)+qfd(c,j,r)-
sunfi, I ND: (I ND2COMWMi) eq j) and (DEST _REGQi) eq r),

VIBAS(c, "dont, i)/ VDFMc,j,r)*(p0(c, "dont,i)+x1(c, "dont,i))]};

EQUATI ON E_check_vdfa (Al ,c, TRAD_ COW) (Al |, j, FDI_COW) (Al |, r, FDI _DEST)
check_vdfa(c,j,r)=
| F{(FDI _FLAGL(j,r) ne 0) and (VDFA(c,j,r)>0),
pfd(c,j,r)+qfd(c,j,r)-

sunfi, | ND: (I ND2COMi) eq j) and (DEST_REQi) eq r),
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V1PUR(c, "dont, i)/ VDFA(c,j,r)*(pl(c,"don',i)+x1(c,"dom',i))]};

EQUATI ON E_check_vifm (Al I, c, TRAD COW (Al | ,j, FDI _COwW) (Al I, r, FDI _DEST)
check_vifm(c,j,r)=
I F{(FDI _FLAGL(j,r) ne 0) and (VIFMc,j,r)>0),
pid(c, r)+afn(c,j,r)-
sunfi, | ND: (I ND2COMMi) eq j) and (DEST_REGi) eq r),

V1BAS(c,"inmp",i)/VIFMc,j,r)*(p0(c,"inmp",i)+x1(c,"inmp",i))]1};

EQUATI ON E_check_vifa (Al,c, TRAD COW (Al |l ,j, FD _Ccow) (Al I, r, FDI _DEST)
check_vifa(c,j,r)=
| F{(FDI _FLAGL(j,r) ne 0) and (VIFA(c,j,r)>0),
pfn(c,j,r)+afn(c,j,r)-
sunfi, I ND: (I ND2COMMi) eq j) and (DEST _REGi) eq r),

VIPUR(c, "imp", i)/ VI FA(c,j,r)*(pl(c,"imp",i)+x1(c,"im",i))]};

EQUATI ON E_check_vfa (Al l,c, TRAD_COW) (Al l,j,FD _COW) (Al |, r, FDI _DEST)
check_vfa(c,j,r)=
| F{(FDI _FLAGL(j,r) ne 0) and (VFA(c,j,r)>0),
pf(c,j,r)+af(c,j,r)-
sunfi, | ND: (I ND2COMMi) eq j) and (DEST_REQi) eq r),

VIPUR S(c,i)/VFA(c,j,r)*(pl_s(c,i)+x1_s(c,i))]1};

EQUATI ON E_check_oct (All,i, FDI_COW) (Al |, r, FDI _DEST)
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100*check_oct (i, r)=

| F{(FDI _FLAGL(i,r) ne 0) and (PTAX(i,r) ne 0),

[VOM(i,r)/ PTAX(i,r)*[pm(i,r)+qo(i,r)]-VOA(i,r)/PTAX(i,r)*[ps(i,r)+qo(i,r)]]-

sunfj, I ND: (I ND2COMMj) eq i) and (DEST_REQj) eq r),

VIOCT(j )/ PTAX(i , r)*(pltot(j)+x1ltot(j))+

(VLTOT(j)-VIOCT(j))/ PTAX(i,r)*p_rloct(j)1};

EQUATI ON E_see_foct (All,i,FD _Cow) (Al l,s, HOVE) (Al |, d, FDI _DEST)

see_foct(i,s,d)=sunij,|ND: (NOT_DOVj)=1) and (I ND2COWj) eq i) and

(HOVE_REEj) eq s) and (DEST_REQj) eq d),

p_rloct(j)];

EQUATI ON E_see_doct (All,i,FDI_COM (Al l,r, FDI _DEST)

see_doct (i, r)=sunf{j, I ND:(NOT_DOMj)=0) and (I ND2COW(j) eq i) and

(HOVE_REEj) eq r) and (DEST_REQj) eq r),

p_rloct(j)];

EQUATI ON E_check_voa (Al l,i, FDI_COW) (Al |, r, FDI _DEST)

check_voa(i,r)=

| F{(FDI _FLAGL(i,r) ne 0) and (VQA(i,r)>0),

{ps(i,r)+qo(i,r)}-sunfj,IND: (DEST_REj) eq r) and

(I ND2COMMj) eq i),

Sum(c, COM  VI1PUR S(c,j)/VOA(i,r)*{pl_s(c,j)+x1_s(c,j)})

+ VIPRIMj )/ VOA(i, r)*{plprin(j) + x1lprim(j)} 1};
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IR e |

! Vel fare deconposition witten in ternms of FTAP !

! vari ables fromthe CRUSCE portion of the code. !

IR e |

EQUATI ON

E alleff _csi (Al,i,COM(AI,s,SRC(AI,j,|ND

alleff_csi(i,s,j)=[.01/ | NCRATI O DEST_REG(j))]*VITAX(i,s,j)*x1(i,s,|);

Ealleff _ei (Al,i,ENDNCOW (A l,j,IND) alleff ei(i,j)=

[.01/1 NCRATI Q(DEST_REQ(j))]*

sunf k, LABOR (k eq i) and (V1LAB_S(j, k)>0),

VILAB_S(j , k) *

{EVFA(i, | ND2OCOMMj ), DEST_REG(j))- VFMi , | ND2COWMj ), DEST_REG(j))}/

EVFA(i , | ND2COMMj ), DEST_REG(j)) *x1l ab_s(j, k)] +

sunf k, LAND: (k eq i) and (VILND(j)>0),

VILND(j ) *

{EVFA(i , | ND2COMMj ), DEST_REG(j))- VFM i , | ND2COMMj ), DEST_REG(j))}/
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EVFA(i , I ND2COWMj ), DEST_REG(j)) *x1I nd(j)]+

sun k, NATRES: (k eq i) and (VINR(j)>0),

VINR(j ) *

{EVFA(i, | ND2COWj ), DEST_REG(j))-VFM i, | ND2COWj ), DEST_REG(j))}/

EVFA(i, I ND2COVM(j ), DEST_REG(j))*x1nr(j)]+

suni k, ENDWC_COMM (k eq i) and (NOT_DOMj)=1),

{ EVI FAS(| ND2COWj ), HOVE_REG(j ), DEST_REG(j)) -

EVI FM5( | ND2COVMj ) , HOVE_REGQ(j ), DEST_REQ(j ) )} *x1lcap(j)]+

suni k, ENDWC_COMM (k eq i) and (NOT_DOMj)=0),

{ EVDFA( | ND2COWj ), DEST_REGE(j ) ) -

EVDFM | ND2COWMj ) , DEST_REQ(j ) ) } *x1cap(j)];

E alleff_o (Al,j,IND

al leff_o(j)=[.01/1 NCRATI O( DEST_REX(j ))]*VICCT(j)*x1tot(j);

EQUATI ON

Efalleffd ci (Al,c, TRAD COMM (AIl,i, FDI_COMM (Al l,r, FDI _DEST)

falleffd_ci(c,i,r)=sunfj,IND: (I ND2COW(j) eq i) and (DEST_REE ) eq r),

alleff _csi(c,"dont,j)];

Efalleffi_ci (Al,c, TRAD COM (A I,i, FDI_COW) (Al l,r, FDI _DEST)

falleffi _ci(c,i,r)=sunfj,IND: (I ND2COW(j) eq i) and (DEST _REG ) eq r),

alleff csi(c,"inp",j)];
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Efalleff_ei (Al,c, ENDWCOMM (All,i, FDI_COW) (Al ,r, FDI _DEST)

falleff_ei(c,i,r)=sunfj,IND: (I ND2COW(j) eq i) and (DEST_REEj) eq r),

alleff _ei(c,j)];

Efalleff o (All,i,FDI_COM) (A I,r, FDI _DEST)

falleff_o(i,r)=sunfj,IND: (I ND2COW(j) eq i) and (DEST_REE ) eq r),

alleff_o(j)];

E falleff (Al,r,FD _DEST)

falleff(r)=falleff_et(r)+falleffd t(r)+falleffi _t(r)+falleff_ot(r);

E falleff_et (A, r, FDI _DEST)

falleff_et(r)=sunii, FDI _COW sunic, ENDW COW falleff_ei(c,i,r)]];

Efalleffd_t (Al,r, FDI_DEST)

falleffd t(r)=sunfi, FDI _COW sunic, TRAD COW falleffd_ci(c,i,r)]];

Efalleffi_t (Al,r, FDI_DEST)

falleffi _t(r)=sunfi, FDI _COW sunic, TRAD COW falleffi_ci(c,i,r)]];

E falleff_ot (A, r, FDI _DEST)

falleff_ot(r)=sunii,FDI _COW falleff_o(i,r)];
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EQUATION E gal l effr (all,r, REG

galleffr(r) = [.01/INCRATIQ(r)] *

[ sum(i, PROD_COW FDI _FLAGL(i,r)=0, PTAX(i,r) * qo(i,r))

+ sum(i, NONCAP_COW PTAX(i,r) * qo(i,r))

+ sum(i, ENDWC_ COW PTAX(i,r) * kr(r))

+ sun(i, ENDW COMM sun(j, PROD_COMM FDI _FLAGL(j, r) =0,

ETAX(i,j.r) * afe(i,j.r)))

+ sun(j , PROD_COW FDI _FLAGL(j , r) =0,

sum(i, TRAD_ COW | FTAX(i,j,r) * ofm(i,j,r)))

+ sum(j , PROD_COW FDI _FLAGL(j , r) =0,

sun(i, TRAD_COMM DFTAX(i,j,r) * afd(i,j,r)))

+ sum(i, TRAD_COW | PTAX(i,r) * gpnm(i,r))

+ sum(i, TRAD_COW DPTAX(i,r) * qgpd(i,r))

+ sum(i, TRAD_ COW | GTAX(i,r) * qgn(i,r))

+ sum(i, TRAD_COW DGTAX(i,r) * qgd(i,r))

+ sum(i, TRAD_COW sum(s, REG, XTAXD(i,r,s) * gxs(i,r,s)))

+ sum(i, TRAD_COW sun(s, REG MIAX(i,s,r) * qxs(i,s,r))) 1

I Account for abnormal returns to capital. !

| Define contributions to EV fromabnornmal returns. !

E_CNTanrr_hhi (Al l,i, TRAD COM) (Al |, s, HOVE) (Al I, d, host)

CNTanrr _hhi (i,s,d)=[.01/ 1 NCRATI (s)]*VFDI _HHI (i, s, d)*anrrk_hhi (i, s, d);
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E_CNTanend_hhi (Al l,i, TRAD COW) (Al |, s, HOVE) (Al |, d, host)

CNTanend_hhi (i, s, d)=[.01/ I NCRATI (s)] *[ 1- host _tax_ank*TYPR _L(d)]*

ANKTAX_HHI (i, s,d)*qfes(i,s,d);

E_CNTanpk_hhi (All,i, TRAD COMM (Al |, s, HOMVE) (Al |, d, host)

CNTanpk_hhi (i, s, d)=[.01/1 NCRATI O(s)] *[1- host _tax_ank*TYPR_L(d)]*

ANKTAX_HHI (i, s, d) *pcgds(d);

E CNTgfed_ i (AIl,i, TRAD. COW) (A I, r, REG

CNTqfed_i (i,r)=[.01/ I NCRATI O(r)]*

suni k, ENDAC_COMM EVFA(K, i, r) >0, ETAX(K, i, 1)/ EVFA(K,i,r)]*

EVDFA(i, r)*qgfed(i,r);

E_CNTgfed (Al,r, REG

CNTqf ed(r) =sun{i, TRAD_COW CNTqgfed_i (i,r)];

E_CNTgfes_hhi (Al l,i, TRAD COMM (Al |, s, HOMVE) (Al |, d, host)

CNTqf es_hhi (i, s, d)=[. 01/ | NCRATI O(d)] *

suni k, ENDAC_COMM EVFA(K, i , d) >0, ETAX(K, i , d)/ EVFA(K, i, d)]*

EVI FAS(i, s, d)*qgfes(i,s,d);

E CNTgfes__hi (All,i, TRAD COW) (Al I, d, host)

CNTgf es__hi (i, d)=sunis, HOVE, CNTqf es_hhi (i,s,d)];
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E CNTgfes__h_ (Al I, d, host)

CNTgfes__h_(d)=sunii, TRAD_COWM CNTqfes__hi (i,d)];

E CNTanrr_h__ (All,r, REG

CNTanrr_h__(r)=sunii, TRAD_COW suni d, DEST, CNTanrr _hhi (i,r,d)]]-

[ 1/ 1 NCRATI O(r)] *

sunf i, TRAD_COWM suni s, HOVE, | NCRATI (s) *CNTanrr _hhi (i,s,r)]1];

E CNTanend_h__ (All,r, REG

CNTanend_h__ (r)=sunii, TRAD_COW suni d, DEST, CNTanend_hhi (i, r,d)]]-

[ 1/ 1 NCRATI O(r)] *

sunii, TRAD_COWM suni s, HOVE, | NCRATI Q(s) * CNTanend_hhi (i, s, r)]];

E_CNTanpk_h__ (Al ,r, REG

CNTanpk_h__(r)=sunii, TRAD_COW suni d, DEST, CNTanpk_hhi (i,r,d)]]-

[ 1/ 1 NCRATI O(r)] *

sunfi, TRAD_COWM suni s, HOVE, | NCRATI O( s) * CNTanpk_hhi (i,s,r)]];

! Demands for FDI Differentiated Products !

I T B T O |

EQUATI ON
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E qdd (All,i, TRAD COW) (Al |, r, REG)

qdd(i,r)=qds(i,r)-ESUBM L! (i!,r!)*[pdd(i,r)-pds(i,r)];

E_qdh (All,i, TRAD COMM (Al |, 0, HOVE) (Al I, |, HOST)

qdh(i, o, )=IF{VDHMi,o0,1) ne O,

gds(i,l)-ESUBML! (i!,I!)*[pdh(i,o,1)-pds(i,l)]};

E qgid (All,i, TRAD_COW) (Al |, d, DEST) qid(i,d)=qimi,d);

E gisd (Al,i, TRAD COW) (Al |, s, SOURCE) (Al |, d, DEST)

qisd(i,s,d)=IF{VIM(i,s,d) ne O,

qid(i,d)-ESUBM O (i!,d!)*[pisd(i,s,d)-pid(i,d)]};

E gxdd (All,i, TRAD_COMM (Al |, s, SOURCE) (Al | , d, DEST)

gxdd(i, s, d)=I F{VIM5_DD(i,s,d) ne 0,

gisd(i,s,d)-ESUBM L! (i!,d!)*[pild(i,s,d)-pisd(i,s,d)]};

E_gxhd (AIl,i, TRAD COW) (Al |, 0, HOVE) (Al |, |, HOST) (Al |, d, DEST)

gxhd(i,o0,1,d)=I F{VIMS_D(i,o0,1,d) ne O,

gisd(i,l,d)-ESUBM L! (i!,d!)*[pihld(i,o,|,d)-pisd(i,l,d)]];

1 6.2 I nternational Freight !

E qdst (Al,i, TRAD COM) (Al l,r, REG)

THEFTAPTABLO 579
CODE



gdst (i, r)=IF{VDST(i,r) ne O,qgst(i,r)-[pod(i,r)-pst(i,r)]};

E ghst (Al,i, TRAD COMM (Al |, 0, HOVE) (Al |, |, HOST)

ghst(i,o, )=l F{VHST(i,o,l) ne O,gst(i,l)-[poh(i,o,1)-pst(i,l)]};

E pst (All,i, TRAD COW) (All,r, REG)

I F{VST(i,r) ne O,VST(i,r)*[pst(i,r)l+gst(i,r)!]-(

VDST(i,r)*[pod(i,r)!+qdst(i,r)!]+

suni o, HOVE, VHST(i, 0, r)*[ poh(i,o,r)!+ghst(i,o,r)!]])}=

| F{VST(i,r)=0,pst(i,r)-pfactw d};

I 6.4 Mar ket cl earing conditions !

E qod (All,i, TRAD_ COW (Al ,r, REG [VODMi, r)+I F(VODMi, r)=0,1)]*qod(i,r)=

| F[ vVODMi, r) ne O,

VXDMi, r)*gxd(i,r)+VDDMi,r)*qdd(i,r)+VDST(i,r)*qdst(i,r)];

E_goh (Al,i, TRAD COMM (Al |, 0, HOVE) (Al I, |, HOST)

[ VOHM(i , 0, 1)+l F(VOHMi , 0, 1) =0, 1)] *qoh(i, 0, 1) =I F{VOHMi, 0,1) ne O,

VXHM(i , o, ') *qgxh(i, o,1)+VDHMi, o, 1)*qdh(i,o,1)+VHST(i,o0,1)*qghst(i,o,1)];

E gxd (All,i, TRAD COW) (Al |, s, SOURCE)

[ VXDM(i , s) +1 F(VXDM(i , s) =0, 1) ] *gxd(i, s) =l F{ VXDMi, s) ne O,

suni d, DEST, VXMVD_DIX i, s, d) *qxdd(i, s, d)]};
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E gxh (All,i, TRAD COW) (Al |, 0, HOVE) (Al |, | , HOST)

[VXHM(i , 0, 1)+ FCVXHM(i , 0,1) =0, 1)] *qxh(i, o, 1)=I F{VXHMi, 0,1) ne 0,

sunf d, DEST, VXMD_D(i , o, |, d) *gxhd(i, 0,1, d)]};

1 6.3 Price Definition and Transmi ssion Equations !

E pdd (All,i, TRAD COW) (Al |, r, REG)

pdd(i,r)=pod(i,r)!+tdd(i,r)!;

E pxd (All,i, TRAD COWM) (Al |, r, REG)

pxd(i,r)=pod(i,r)!+txd(i,r)!;

E_pdh (Al l,i, TRAD COMM) (Al |, 0, HOVE) (Al I, |, HOST)

pdh(i,o,1)=poh(i,o,l)!+tdh(i,o,l)!;

E pxh (All,i, TRAD COW) (Al l, 0, HOVE) (Al |, |, HOST)

pxh(i,o,1)=poh(i,o,l)!+txh(i,o,l)!;

E pds (All,i, TRAD COWM) (Al |, r, REG)

IF{VDMi,r) ne O,

VDMi, r)*qds(i,r)-{

suni o, HOVE, VDHM i, o, r) *qdh(i, o, r)] +
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VDDMi , r)*qdd(i,r)}}=

| F{VDMi,r)=0, pds(i,r)-pfactw d};

E pid (Al,i, TRAD COM (Al |, d, DEST)

I F{VI Mi, d)=0, pi d(i , d) - pfact wl d} =

IF{VIMi,d) ne O,

VIMi,d)*qid(i,d)-sunis, SOURCE, VI M5(i,s,d)*qisd(i,s,d)]};

E pisd (Al,i, TRAD COMW) (Al |, s, SOURCE) (Al | , d, DEST)

I F{VI MS(i,s,d)=0, pisd(i,s,d)-pfactw d} =

I F{VIMS(i,s,d) ne O,VIMS(i,s,d)*qisd(i,s,d)-[

VI MS_DIXi, s, d)*qgxdd(i, s, d)+sunf o, HOVE, VI M5_I(i, o, s, d) *gxhd(i,o0,s,d)]]};

E_pxdd (All,i, TRAD.COW) (Al |, s, SOURCE) (Al | , d, DEST)

pxdd(i,s, d)=pxd(i,s)+tx(i,s)+txsd(i,s,d);

E_pxhd (All,i, TRAD_COW) (Al |, 0, HOVE) (Al |, |, HOST) (Al |, d, DEST)

pxhd(i, o, 1 ,d)=pxh(i,o,l)+tx(i,!l)+txsd(i,!|,d)+txhd(i,o,!I,d);

E pildw (A I,i, TRAD. COM) (Al I, s, SOURCE) (Al |, d, DEST)

pildw(i,s, d)= FOBSHR2(i,s,d) * pxdd(i,s,d) + TRNSHR2(i,s,d) *

[pt - atsd(i,s,d)] + | F[FOBSHR2(i, s, d)+TRNSHR2(i, s, d) =0, pfactw d] ;

E pihldw (Al l,i, TRAD_COW) (Al |, 0, HOVE) (Al | , |, HOST) (Al | , d, DEST)

582 THE STRUCTURE OF
THE FTAPMODEL



pi hl dw(i,o,1,d) = FOBSHRL2(i,o0,1,d) * pxhd(i,o,1,d) + TRNSHRL2(i,o,!,d) *

[pt-atsd(i,l,d)-athsd(i,o,I,d)]+

| F[ FOBSHRL2(i , 0, | , d) +TRNSHRL2(i , o, | , d) =0, pf act w d] ;

Epild (Al,i, TRAD. COMM (Al |, s, SOURCE) (Al | , d, DEST)

pild(i,s,d)y=pildwi,s,d)+tn(i,d)+tmsd(i,s,d);

E pihid (Al,i, TRAD. COW) (Al |, 0, HOVE) (Al |, |, HOST) (Al | , d, DEST)

pi hl d(i,o,1,d)=pihl dw(i,o,!,d)+tn(i,d)+tmsd(i,!,d)+tms(i,o,I,d);

1 6.5 Link to GIAP vari ables. !

! Repl aces equation | MPORTDEVAND !

E gxs (All,i, TRAD COMM (Al I, s, SOURCE) (Al |, d, DEST)

I F{VXMD(i,s,d) gt O,

VXMD(i , s, d)*qgxs(i, s, d)-{

sunf o, HOVE, VXMD_IXi , 0, s, d) *gxhd(i,0,s,d)]+

VXMD_DDXi , s, d) *gxdd(i, s, d)}}=

| F{VXMD(i,s,d) le 0,qxs(i,s,d)};

E pxs (All,i, TRAD_ COMM (Al |, s, SOURCE) (Al |, d, DEST)

I F{VXMD(i,s,d) gt O,

VXMX(i , s, d)*[ pxs(i,s,d)+gxs(i,s,d)]-{
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suni o, HOVE, VXMD_D(i, o, s, d) *[ pxh(i, o, s)+gxhd(i,o0,s,d)]]+

VXVD_DD(i, s, d)*[ pxd(i,s)+gxdd(i,s,d)]}}=

| F{VXMD(i,s,d) le O, pxs(i,s,d)-pfactwl d};

E txs (All,i, TRAD COW) (Al l,s, SOURCE) (Al |, d, DEST)

I F{VXWD(i,s,d) gt O,

VXWI(i , s, d)*[ pfob(i,s,d)+gxs(i,s,d)]-{

suni o, HOVE, VWD _DX(i, o, s, d) *[ pxhd(i, o, s, d) +gxhd(i,o0,s,d)]]+

VXWD_DD(i, s, d)*[ pxdd(i,s, d)+gxdd(i,s,d)]}}=

I F{VXWD(i,s,d) le 0,txs(i,s,d)};

I Repl aces GTAP equation FOBCIF (I don’t think so now). !

E atr (Al,i, TRAD COMM (Al |, s, SOURCE) (Al | , d, DEST)

| F{VTWR(i,s,d) gt O,

VIWS(i,s,d)*[pcif(i,s,d)+gxs(i,s,d)]-{

sunf o, HOVE, VIWS_D(i, 0, s,d)*[pi hldw(i, o, s, d)+gxhd(i,o,s,d)]]+

VIWS_DD(i,s,d)*[pildw(i,s,d)+gxdd(i,s,d)]}}=

| F{VIWR(i,s,d) le O,atr(i,s,d)};

Etms (All,i, TRAD COW) (Al l, s, SOURCE) (Al |, d, DEST)

I F{VIMS(i,s,d) gt O,

VI MS(i,s,d)*[pns(i,s,d)+qgxs(i,s,d)]-{

sunf o, HOVE, VIMS _D(i,o0,s,d)*[pihld(i,o,s,d)+gxhd(i,o,s,d)]]+

VIMS_DD(i,s,d)*[pild(i,s,d)+gxdd(i,s,d)]}}=
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IF{VIMS(i,s,d) le O,tns(i,s,d)};

1 6.6 Checki ng Equati ons !

E_check_gisd (All,i, TRAD COW) (Al |, s, SOURCE) (Al |, d, DEST)

check_qi sd(i,s, d)=gxs(i,s,d)-qisd(i,s,d);

E_check_pisd (All,i, TRAD COW) (Al |, s, SOURCE) (Al |, d, DEST)

check_pisd(i,s,d)=pns(i,s,d)-pisd(i,s,d);

Efrt (Al,i, TRAD COW) (Al l, s, SOURCE) (Al |, d, DEST)

frt(i,s,d)y=pcif(i,s,d)-pfob(i,s,d);

E check_frt (All,i, TRAD_COW) (Al |, 0, HOVE) (Al |, 1, HOST) (Al |, d, DEST)

check_frt(i,o,1,d) = pihldwi,o,!l,d)-pxhd(i,o,l,d)-frt(i,I,d);

E_check_pid (All,i, TRAD COMW) (Al |, d, DEST) check_pid(i,d)=pid(i,d)-pin(i,d);

1 6.7 Firmlevel Product Differentiation !

IR B |

! Add endogenous technical change to represent substitution between the
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output of different firns. !

EQUATI ON

E_altot #Endog tech change fromfirmchoice for FDI industries#

(AIl,i,IND) altot(i)=-ETECHx1tot(i)+f_altot(i);

E ao #Endog tech change fromfirm choice for purely |local industries#

(All,i, TRAD COW) (Al |, r, REG)

ao(i,r)=IF{FD _FLAGL(i,r)=0, ETECH qo(i,r)}+f_ao(i,r);

E altot_f (All,i, TRAD_COMM (Al |, 0, HOVE) (Al I, 1, HOST) altot f(i,o,1)=

sunij, I ND: (I ND2COMWMj) eq i) and (HOVE_REQj) eq o) and

(DEST_REEj) eq |) and (NOT_DOVj)=1),altot(j)];

E altot_d (Al,i, TRAD COM) (Al |, r, REG altot_d(i,r)=

sunij, I ND: (I ND2COMWMj) eq i) and (HOVE_REQj) eq r) and

(DEST_REGEj) eq r) and (NOT_DOMj)=0),altot(j)];

[ |

! 7.2 New al | ocative efficiency effect. !

[ |

EQUATI ON E_CNTal | efffdi (All,r, REG

CNTal | ef ffdi (r)=[0.01/ | NCRATI O(r)]*
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sun{i , TRAD_COW

[VOA(i, r)/VOMi,r)*VODMi , r)-VODA(i, r)]*qod(i,r)+

suni o, HOVE,

[VOA(i, r)/VOMi,r)*VOHMi,o0,r)-VOHA(i, o0, r)] *qoh(i,o,r)]

! Account for output inpedinent rents. !

| IR B |

EQUATI ON

E_yanpr (All,r,REG yanpr(r)=sunij, TRAD_COW yanpri(j,r)];

E_yanpri (Al,i, TRAD_COW (Al I, r, REG

100*yanpri (i, r)=

(1- SHPTAX(i,r))*{VOMi,r)*[pn(i,r)+qo(i,r)]-

VOA(i , r)*[ps(i,r)+qo(i,r)]}-

100* PTAX(i , r)*c_SHPTAX(i, r);

E_yanp_hhi (All,i, TRAD COMM (Al |, s, HOMVE) (Al |, d, host)

100*yanp_hhi (i, s, d) =l F[ PHTAX(i, s, d) ne O,

(1- SHPTAX(i, d))*{VvOoHMi, s, d)*[ poh(i, s, d)+qoh(i,s,d)]-

VOHA(i , s, d)*[ psh(i, s, d)+qoh(i,s,d)]}-
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100* PHTAX(i , s, d) *c_SHPTAX(i,d)];

E yanp_h__ (Al,r, REG

yanp_h__(r)=

| F{home_t ax_anp ne 0, hone_t ax_anp*{

sunii, TRAD_COW suni d, DEST, yanp_hhi (i,r,d)]]-

sunii, TRAD_COW suni s, HOVE, yanp_hhi (i,s,r)]]}}+

| F{host _tax_anp ne 0, host _tax_anp*{

sunii, TRAD_COW suni d, DEST,

[1-TYPR_L(d)] *yanp_hhi (i,r,d)-

0. 01* ANPTAX_HHI (i, r,d)*TYPR L(d)*typr(d)]]-

sunii, TRAD_COW suni s, HOVE,

[1-TYPR_L(r)] *yanp_hhi (i,s,r)-

0. O1* ANPTAX_HHI (i, s, r)*TYPR L(r)*typr(r)]]1}};

[ |

I 8.2 Wel fare Effects of Income from Qutput | npedinents !

[ |

E anrro_hhi (AIl,i, TRAD COMW) (Al |, s, HOVE) (Al |, d, host)

| F[ VFDI _HHI (i, s, d)=0, anrro_hhi (i,s,d)]=

| F[VFDI _HHI (i, s, d) >0

100*[

| F{ home_t ax_anp ne 0, honme_t ax_anp*yanp_hhi (i,s,d)}+
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| F{host _tax_anp ne 0, host _tax_anp*[
[1- TYPR L(d)]*yanp_hhi (i,s,d)-

0. 01* ANPTAX_HHI (i, s,d)*TYPR L(d)*typr(d)]}]-

{[1-host _tax_anp*TYPR_L(d)]*ANPTAX HHI (i, s, d)*[pcgds(d)+gfes(i,s,d)]+

VFDI _HHI (i, s, d) *anrro_hhi (i,s,d)}

E anto_hhi (AIl,i, TRAD COM) (Al l,s, HOVE) (Al l, d, host)
| F[VFDI _HHI (i, s, d) =0, ant o_hhi (i, s, d)]=
| F[ VFDI _HHI (i, s, d) >0,
100*yanp_hhi (i, s, d) -
{[1- SHPTAX(i , d)] *[ VOHMi , s, d) - VOHA(i , s, d) ] *[ pcgds(d) +qf es(i, s, d)] +

VFDI _HHI (i, s,d)*anto_hhi (i,s,d)}

E anto_h_i (Al,i, TRAD_COM) (Al l,r, REG
| F[VKD(i,r)=0,anto_h_i (i, r)]=
| F[ VKD(i , 1) >0,
100*{yanpri (i, r)-sunis, HOVE, yanp_hhi (i, s, r)]}-
{[1-SHPTAX(i,r)]*[VODMi, r)-VODA(i,r)]*[pcgds(r)+qfed(i,r)]+

VKD(i,r)*anto_h_i(i,r)}
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[ |

! I ncome from Capital | npedinments !

EQUATI ON

E yankr (All,r, REG vyankr(r)=suni{j, TRAD COW yankri (j,r)];

E yankri (Al,j, TRAD_COW (Al I, r, REG

100*yankri (j,r)=sun{i, ENDAWC_COWM EVFA(i,j,r)*[pfe(i,j,r)+qgfe(i,j,r)]-

VEM(i, jor)*[rp(i,r)+afe(i,j,r)l};

E_yank_hhi (All,i, TRAD COMM (Al I, s, HOVE) (Al | , d, host)

100*yank_hhi (i, s, d) =EVI FAS(i, s, d)*[ pfesa(i,s,d)+qfes(i,s,d)]-

EVI FMS(i,s,d)*[rps(i,s,d)+gfes(i,s,d)];

E yank_h__ (Al,r, REG

yank_h__(r)=

| F{home_t ax_ank ne 0, hone_t ax_ank*{

sunfii, TRAD_COW suni d, DEST, yank_hhi (i,r,d)]]-

sunii, TRAD_COW suni s, HOVE, yank_hhi (i,s,r)]]}}+

| F{host _tax_ank ne 0, host _tax_ank*{

sunii, TRAD_COW suni d, DEST,
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[1- TYPR L(d)] *yank_hhi (i, r,d)-

0. 01* ANKTAX_HHI (i, r, d)*TYPR_L(d)*typr(d)]]-

sunfi, TRAD_COW suni s, HOVE,

[1-TYPR_L(r)]*yank_hhi (i,s,r)-

0. O1* ANKTAX_HHI (i,s,r)*TYPR L(r)*typr(r)]]1}};

1 8.4 Wl fare effects of Income from Capital |npedinents !

IR S |

E anrrk_hhi (All,i, TRAD.COW) (A |, s, HOVE) (Al |, d, host)

| F[ VFDI _HHI (i, s, d)=0,anrrk_hhi(i,s,d)]=

I F[ VFDI _HHI (i , s, d) >0,

100*[

| F{ home_t ax_ank ne 0, honme_t ax_ank*yank_hhi (i, s, d)}+

| F{host _tax_ank ne 0, host _tax_ank*{

[1- TYPR_L(d)] *yank_hhi (i, s, d)-

0. 01* ANKTAX_HHI (i,s,d)*TYPR L(d)*typr(d)}}]-

{[1-host _tax_ank*TYPR L(d)]*

ANKTAX_HHI (i, s, d)*[ pcgds(d)+gfes(i,s,d)]+

VFDI _HHI (i, s, d)*anrrk_hhi (i, s, d)}
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I 8.5 I ncome from Export | npedi ments !

[ |

COEFFI CI ENT (Al l, 0, HOVE) (Al 1, |, HOST) TYPR_L_ANK( o, | )

#Property tax rate to be applied to capital inpedinment incone flow#;

COEFFI CI ENT (Al l, 0, HOVE) (Al 1, |, HOST) TYPR_L_ANP(o, | )

#Property tax rate to be applied to output inpedinment income flow#;

COEFFICIENT (All, s, home) (All, i, TRAD_COW) L_anrrd_h_i (i, s)

#Abnor mal conponent of rate of return on donestic capital by industry#;

COEFFI CIENT (Al l, s, hore) (Al'l, d, host) (All,i, TRAD_COW) L_anrr_hhi (i, s, d)

#Abnor mal conponent of rate of return on foreign capital#;

COEFFI CIENT (Al l,i, TRAD_COMM (Al | ,'s, HOVE) (Al |, d, host) L_anto_hhi (i, s, d)

#Qut put i npedi nent rate of return for foreign industries#;

COEFFI CIENT (Al |, i, TRAD COMM (Al |, r, REG) L_anto_h_i(i,r)
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#Qut put i npedi nent rate of return for donestic industries#;

IR T T R |

FORMULA
(All,s, home) (Al l, i, TRAD_COW)

L_anrrd_h_i(i,s)=IF{VKDXi,s) ne O,[ EVDFA(i,s)-EVDFMi,s)]/VKD(i,s)};

(Al'l, s, hone) (Al l,d, host) (Al l,i, TRAD COW)
L_anrr_hhi (i,s,d)=I F{VFD _HHI (i, s, d) ne O,

[EVI FAS(i,s, d)-EVIFMS(i, s, d)]/VFDI _HH (i, s, d)};

(A'l,i, TRAD_ COW) (Al |, s, HOVE) (Al'l, d, host)
L_anto_hhi(i,s,d)=IF{VFDI _HHI (i,s,d) ne O,

[VOHM(i , s, d) - VOHA(i ,'s, d)]/VFDI_HHI (i, s, d)}:

(All,i, TRAD COW) (Al |, r, REG)

L_anto_h_ i(i,r)=IF{VKD(i,r) ne O,[VODMi,r)-VODA(i,r)]/VKD(i,r)};

FORMULA
(Al'l, 0, HOME) (Al |, |, HOST)

TYPR_L_ANK( o0, |)=horme_t ax_ank* TYPR_L(0) +host _tax_ank*TYPR L(I);
(Al'l, o0, HOVE) (Al l, 1, HOST)

TYPR_L_ANP(o0, |)=honme_tax_anp*TYPR_L(0) +host _tax_anp*TYPR L(I);
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I T T |

EQUATI ON E_typr_ank (All, o, HOVE) (Al |, 1, HOST)

TYPR_L_ANK(o, |)*typr_ank(o, )=

home_t ax_ank* TYPR_L(0) *typr (0) +host _tax_ank* TYPR_L(I)*typr(Il);

EQUATI ON E_typr_anp (All, o, HOVE) (Al |, |, HOST)

TYPR_L_ANP(o, | )*typr_anp(o, )=

hone_t ax_anp*TYPR_L(0) *typr (o) +host _tax_anp*TYPR_L(I)*typr(l);

I Welfare deconposition for rentals from output inmpedinents. !

EQUATI ON

E_CNTanto_hhi (All,i, TRAD COMM (Al l, s, HOMVE) (Al |, d, host)

CNTant o_hhi (i, s, d)=[.01/ 1 NCRATI (s)]*VFDI _HH (i, s, d)*anrro_hhi (i,s,d);

E_CNTanqo_hhi (Al l,i, TRAD COMM (Al l, s, HOMVE) (Al |, d, host)

CNTanqo_hhi (i, s, d)=[.01/ 1 NCRATI (s)] *[ 1- host _tax_anp*TYPR_L(d)]*

ANPTAX HHI (i, s,d)*qgfes(i,s,d);
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E_CNTanpo_hhi (Al l,i, TRAD COMM (Al |, s, HOMVE) (Al |, d, host)

CNTanpo_hhi (i,s,d)=[.01/1 NCRATI Q(s)]*[ 1- host _tax_anp*TYPR L(d)]*

ANPTAX_HHI (i, s, d) *pcgds(d);

E CNTanto_h__ (All,r, REG

CNTanto_h__(r)=sunii, TRAD_COWM suni d, DEST, CNTant o_hhi (i, r,d)]]-

[ 1/ 1 NCRATI O(r)] *

sunfi, TRAD_COW suni s, HOVE, | NCRATI Q(s) *CNTant o_hhi (i,s,r)]];

E_CNTanqo_h__ (Al I, r, REG

CNTanqo_h__(r)=sunii, TRAD_COW suni d, DEST, CNTanqgo_hhi (i, r,d)]]-

[ 1/ 1 NCRATI O(r)] *

sunfi, TRAD_COWM suni s, HOVE, | NCRATI O( s) * CNTanqo_hhi (i,s,r)]];

E_CNTanpo_h__ (Al I, r, REG

CNTanpo_h__(r)=sunii, TRAD_COWM suni d, DEST, CNTanpo_hhi (i, r,d)]]-

[ 1/ | NCRATI O(r)]*

sunii, TRAD_COW suni s, HOVE, | NCRATI Q( s) * CNTanpo_hhi (i,s,r)]];

IR S T |

! Summary trade variables in line with data summary program TRADE. TAB. !

COEFFI CI ENT (all,i, TRAD_ COW) (al | , s, SOURCE) GXMX(i , s)
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# Total Exports froms, donestic price# ;

COEFFI CI ENT (all,i, TRAD COW) (al |, s, SOURCE) GXWIi , S)

# Total Exports froms, FOB price# ;

COEFFI CI ENT (all,i, TRAD_ COW) (al |, d, DEST) GVI Wi , d)

# Total Inports to d, CIF price # ;

COEFFI CI ENT (all,i, TRAD_ COW) (al |, d, DEST) GVI Mi , d)

# Total Inports to d, tariff inclusive price # ;

COEFFI CI ENT (all,i, TRAD_ COW) (al |, h, HOVE) (al | , s, SOURCE) X_FDI_MXi, h, s)

# Exports of fdi ind to third countries, donestic price# ;

COEFFI CI ENT (all,i, TRAD_ COW) (al |, h, HOVE) (al | , s, SOURCE) X_FDI_WI(i, h, s)

# Exports of fdi ind to third countries, FOB price# ;

COEFFI CI ENT (all,i, TRAD_ COW) (al |, h, HOVE) X_MXi , h)

# Exports of fdi ind to third countries, donestic price# ;

COEFFI CI ENT (all,i, TRAD_COW) (al |, h, HOVE) X Wi, h)

# Exports of fdi ind to third countries, FOB price# ;

COEFFI CI ENT (all,i, TRAD_ COW) (al |, h, HOVE) (al | , d, DEST) M FDI _W&(i , h, d)
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# Inports fromthird country fdi ind, CIF price# ;

COEFFI CI ENT (al |, i, TRAD COMM (al |, h, HOME) (al |, d, DEST) M FDI_MS(i, h, d)

# Ilmports fromthird country fdi ind, tariff incl price# ;

COEFFI CI ENT (al |, i, TRAD COMM (al |, d, DEST) M WS(i , d)

# Inports fromthird country fdi ind, CIF price# ;

COEFFI CI ENT (al |, i, TRAD COMM (al |, d, DEST) M MS(i , d)

# Ilmports fromthird country fdi ind, tariff incl price# ;

COEFFI CI ENT (Al |, i, TRAD_ COMM (Al |, r, REG) VTOTDHMi , )

# Total narket value of domestic use of foreign industry output#;

COEFFI CI ENT (al |, i, TRAD._ COMM (al |, r, HOST) VTOTOHMi , r)

#Total output of foreign firms in host country # ;

COEFFI CI ENT (al |, i, TRAD_ COMM (al |, r, HOVME) VTOTOWN OS(i , r)

#Total output of firnms | ocated abroad # ;

FORMULA (all,i, TRAD_ COW) (al | , s, SOURCE)
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GXMX(i,s) = SUMd, DEST, (SUM h, HOME, VXMD D(i,h,s,d)) + VXMD DD(i,s,d)) ) ;

FORMULA (al |, i, TRAD COW) (al | , s, SOURCE)

GXWD(i,s) = SUMd, DEST, (SUMh, HOVE, VXWD D(i,h,s,d)) + VXWD DD(i,s,d)) ) ;

FORMULA (al |, i, TRAD_ COW) (al |, d, DEST)

GVIWi,d) = SUMs, SOURCE, (SUM h, HOVE, VIWS (i, h,s,d)) + VIWS DDi,s,d)) ) :

FORMULA (al |, i, TRAD COW) (al |, d, DEST)

GVIMi,d) = SUMs, SOURCE, (SUM h, HOVE, VIMS_D(i, h,s,d)) + VIMS DIi,s,d)) ) :

FORMULA (al |, i, TRAD_COMM) (al | , h, HOVE) (al | , s, SOURCE)

X FDI _WX(i,h,s) = SUMd,DEST: (d ne h) and (h ne s), VXWD Di,h,s,d)) ;

FORMULA (al |, i, TRAD_ COM) (al | , h, HOVE) (al | , s, SOURCE)

X_FDI_MXi,h,s) = SUMd, DEST: d ne h, VXMD_D(i,h,s,d)) ;

FORMULA (al |, i, TRAD COM) (al | , h, HOVE) (al | , d, DEST)

M FDI _W5(i,h,d) = SUMs, SOURCE: s ne h, VIWS D(i, h,s,d)) ;

FORMULA (al |, i, TRAD COM) (al | , h, HOVE) (al | , d, DEST)

M FDI _Ms(i,h,d) = SUMs, SOURCE: s ne h, VIMs D(i, h,s,d)) ;

FORMULA (al |, i, TRAD_COMW) (al | , h, HOVE)
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X WD(i,h) = SUMs, SOURCE, X FDI_WD(i,h,s) ) ;

FORMULA (all,i, TRAD_ COW) (al | , h, HOVE)

X_MXi,h) = SUMs, SOURCE, X _FDI_MXi,h,s)) ;

FORMULA (all,i, TRAD COW) (al |, d, DEST)

M WS(i,d)= SUM h, HOVE, M FDI _W5(i, h,d))

FORMULA (all,i, TRAD COW) (al |, d, DEST)

M MS(i, d)= SUM h, HOVE, M FDI_MS(i, h,d)) ;

FORMULA (Al l,i, TRAD COW) (Al |, r, REG

VTOTDHM i, r)= SUM o, HOVE, VDHMi,0,r)) ;

FORMULA (all,i, TRAD COW) (al |, r, HOST)

VTOTOHM(i , r) = SUM 0, HOME, VOHM(i, 0,r)) ;

FORMULA

(all,i, TRAD_ COMM (al | , 0, HOVE)

VTOTOMN_OS(i,0) = SUMr, DEST, VOHMi,o0,r1));

VWRI TE
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GXMD to file trade_dat header "GXMD' ;

GMD to file trade_dat header "GXWD' ;

GVIWto file trade_dat header "GVIW ;

GVIMto file trade_dat header "GVIM ;

XWto file trade_dat header "X W' ;

X MDto file trade_dat header "X_M' ;

MW to file trade_dat header "M WS" ;

MM to file trade_dat header "M MS" ;

VTIOTDHM to fil e trade_dat header "ALHM ;

X FDI_Wb to file trade_dat header "XWD' ;

X FDI_MD to file trade_dat header "XMD' ;

MFDI _Ws to file trade_dat header "MAS" ;

MFDI_Ms to file trade_dat header "MB" ;

VDHM to file trade_dat header "VDHM' ;

I[[! If users want to extract these trade data for table prepared by

Excel Macro spreadsheet, here is the option to export data

File (Text, New, Spreadsheet) trade_text "trade.csv" ;

Wite

GXMD to file trade_text ;

GMD to file trade_text ;
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XW to file trade_text ;

X MDto file trade_text ;

GVIWto file trade_text ;

GVIMto file trade_text ;

MW5 to file trade_text ;

MM to file trade_text ;

VIOTDHM to file trade_text ;

X FDI W to file trade_text ;

X_FDI_MD to file trade_text ;

MFDI _Ws to file trade_text ;

MFD _Ms to file trade_text ;

VDHM to file trade_text ;

1!

! Chapter 9 M scel | aneous equati ons

! Sone trade flow and output variables !

EQUATI ON

E_qgxnmd #Total Real exports froms, donestic price

wgt s#

THEFTAPTABLO
CODE

601



(all,i, TRAD_ COW) (al | , s, SOURCE)
| F GXMD(i , s) =0, qgxnd(i,s)]+
GXMX(i , s) *qgxnu(i,s) =
SuM d, DEST, (SUM h, HOVE, VXMD_ (i, h, s, d)*qgxhd(i, h,s,d)) +

VXMVD_DD(i, s, d) *gxdd(i,s,d)) )

E qgxwd #Total Real exports froms, FOB price wgts#
(all,i, TRAD_COW (al |, s, SOURCE)
| Fl GXMD(i , s) =0, ggxwd(i,s)]+
GXVD(i , s) *qgxwd(i, s) =
SuM d, DEST, (SUM h, HOVE, VXWD_DXi, h, s, d)*qgxhd(i, h,s,d)) +

VXMD_DD(i, s, d) *gxdd(i,s,d)) ) ;

E qgviw #Total Real inports to d, CIF price wyts#
(all,i, TRAD_ COMM (al |, d, DEST)
| F[GVI Wi, d)=0,qgviwi,d)]+
GVIWi, d)*qgviw(i,d) =
SUM's, SOURCE, (SUM h, HOVE, VIWS_D(i, h, s, d)*gxhd(i, h,s,d)) +

VIWS DD(i,s,d)*gxdd(i,s,d)) ) ;

E _qgvi m #Total Real inports to d, tariff inclusive price#
(all,i, TRAD_COW) (al |, d, DEST)
I FLGVI M, d)=0, qgvim(i,d)]+

GVIMi,d)*qgvim(i,d) =
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SUM s, SOURCE, (SUM h, HOVE, VI M5_DXi , h, s, d)*qxhd(i, h, s, d)) +

VI M5_DD(i, s, d)*gxdd(i,s,d)) )

E_gx_fdi _wd #Real exports of fdi ind to third countries, FOB price wgts#
(all,i, TRAD_COW) (al |, h, HOVE) (al I , s, SOURCE)

I F[X_FDI_WD(i, h, s)=0, qx_fdi _wd(i,h,s)]+

X_FDI _WD(i, h,s)*gx_fdi_wd(i,h,s) =

SUM d, DEST: (d ne h) and (h ne s),

VXWD_D(i, h,s,d)*gxhd(i, h,s,d)) ;

E gx_fdi _nd #Real exports of fdi ind to third countries, donestic price wgts#
(all,i, TRAD_COW) (al |, h, HOVE) (al I , s, SOURCE)

| F[X_FDI _MXi, h, s)=0, gx_fdi _nmd(i,h,s)]+

X_FDI _MX(i, h,s)*gx_fdi _m(i,h,s) =

SuM d, DEST: d ne h, VXMD D(i, h,s,d)*qgxhd(i,h,s,d)) ;
E gmfdi_ws #Real inports fromthird country fdi ind, CIF price wgts#
(all,i, TRAD_COW) (all, h, HOVE) (al I , d, DEST)

| F[M_FDI_W8(i, h, d)=0, gqm fdi _ws(i,h,d)]+

M FDI _WS(i, h,d)*gm fdi _ws(i,h,d) =

SUM's, SOURCE: s ne h, VIWS D(i,h,s,d)*qxhd(i,h,s,d)) ;

E gmfdi _ns #Real inports fromthird country fdi ind, tariff incl price wgts#

(all,i, TRAD_ COW) (al | , h, HOVE) (al | , d, DEST)
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| F[M_FDI _MS(i, h, d)=0, gqm fdi _ns(i,h,d)]+

M FDI_MS(i,h,d)*gmfdi_ns(i,h d) =

SUM s, SOURCE: s ne h, VIMS (i, h,s,d)*gxhd(i,h,s,d)) ;

E gx_wd #Real exports of fdi ind to third countries, FOB price wgts#

(all,i, TRAD_ COW) (al | , h, HOVE)

I F[ X_WD(i, h)=0, gx_wd(i,h)]+

X WD(i,h)*gx_wd(i,h) = SUMs, SOURCE, X_FDI _WD(i,h,s)*gx_fdi_wd(i,h,s) ) :

E gx_nd #Real exports of fdi ind to third countries, domestic price wgts#

(all,i, TRAD_ COMM (al |, h, HOVE)

I F[ X_MDX(i , h) =0, gx_nd(i, h)]+

X_MX(i , h)*gx_md(i, h) =

SUM s, SOURCE, X_FDI_MXi, h, s)*qx_fdi _md(i,h,s)) ;

E gmws #Real inports fromthird country fdi ind, CIF price wyts#

(all,i, TRAD_ COMM (al |, d, DEST)

I FlM WS(i,d)=0,gmws(i,d)]+

M W5(i,d)*gmws(i,d)=

SUM h, HOVE, M FDI_W8(i, h, d)*gmfdi _ws(i,h, d)) :

E gmns #Real inports fromthird country fdi ind, tariff incl price wyts#

604 THE STRUCTURE OF
THE FTAPMODEL



(all,i, TRAD_ COMWM) (al |, d, DEST)

I F[ M_MS(i, d)=0, gmms(i,d)]+

M MS(i,d)*gm.ns(i,d)=

SUM h, HOVE, M FDI_MS(i, h, d)*qmfdi _ms(i, h,d)) :

E _gqvxhm #Real exports of foreign-owned industry, donmestic price wgts#

(Al'l,i, TRAD_ COW) (Al |, 0, HOVE) (Al |, |, HOST)

I F[ VXHMi, o, 1) =0, quxhn(i,o,1)]+

VXHM(i , 0, 1) *quxhn(i , o, | ) =sun{ d, DEST, VXMD_DX(i , o, | , d) *gxhd(i , 0,1, d)];

E _qvt ot dhm #Real domestic use of foreign industry output#
(AI'l,i, TRAD_COW) (Al I, r, REG
| F[ VTOTDHM i, r) =0, gqvt ot dhn(i, r)] +
VTOTDHM i, r) *qvt ot dhn(i, r) =

SUM o, HOVE, VDHM i, o, r)*qdh(i,o,r))

E_qgvt ot ohm #Real output of foreign firns in host country#
(all,i, TRAD_COW (al I, r, HOST)
| F[ VTOTOHM(i , r) =0, gqvt ot ohn(i, r)] +

VTOTOHM i, r) *qvt ot ohn(i,r) = SUM o, HOVE, VOHMi, o, r)*qoh(i,o,r)) ;

E_gvt otown_os #Real output of firnms |ocated abroad#
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(all,i, TRAD_ COMM (al |, 0, HOVE)

| F[ VTOTOAN_Os(i, 0) =0, qvt ot own_os(i,0)] +

VTOTOMN_OS(i, o) *qvt ot own_os(i,o0) = SUMr, DEST, VOHVi, o, r)*qoh(i,o,r));

I Conveni ence vari abl es !

EQUATI ON

E psland (Al l,s, hone) psland(s)=sunik, LAND, ps(k,s)];

E psnatres (Al I, s, hone) psnatres(s)=sunfk, NATRES, ps(k, s)];

| Sone extra capital stock and rate of return variables. !

EQUATION E kf__hi (All,i, TRAD_ COMM (Al |, d, REG)

I F{VKF__HI(i,d) ne O,

sun(s, home, VK_HHI (i, s, d)*[k_hhi (i,s,d)-kf__hi(i,d)])}=

| F{VKF__H (i, d)=0,kf__hi(i,d)};

EQUATION E kd__h_ (Al I, d, REG

I F{VKD_H_(d) ne O,

sun(i, TRAD_COMM VKD_H_I (i, d)*[kd_h_i (i,d)-kd__h_(d)])}=

| F{VKD__H (d)=0,kd__h_(d)};

EQUATION E_kf__h_ (All,d, REG

| F{VKF__H_(d) ne O,
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sum(i, TRAD_COW VKF__HI (i,d)*[kf__hi(i,d)-kf__h_(d)])}=

I F{VKF__H (d)=0, kf__h_(d)};

EQUATION E_c_rrf__hi (Al,i, TRAD_ COW) (Al I, d, host)

I F{VKF__Hi (i,d) ne O,

sun(s, hone, VK _HHI (i,s,d)*[-r_rr_hhi(i,s,d)-c_rrf__hi(i,d)])}=

I F{VKF__H (i,d)=0,c_rrf__hi(i,d)}:

EQUATION E_c_rrd__h_ (All, d, host)

IF{VKD__H (d) ne O,

sun(i, TRAD_COMM VKD H I (i,d)*[-r_rrd_h_i(i,d)-c_rrd__h_(d)])}=

IF{VKD__H (d)=0,c_rrd__h_(d)};

EQUATION E c_ rrf__h_ (All,d, host)
I F{VKF__H (d) ne 0,
sum(i, TRAD_ COW VKF__Hl (i,d)*[c_rrf__hi(i,d)-c_rrf__h_(d)])}=
IF{VKF__H (d)=0,c_rrf__h_(d)};
E anrr_hhi (Al,i, TRAD COW) (Al |, s, HOVE) (Al |, d, host)
IF[VFDI _HHI (i,s,d)=0,anrr_hhi(i,s,d)]=
| F[ VFDI _HHI (i, s, d) >0,
100*yank_hhi (i, s, d) -
{[EVI FAS(i, s, d)-EVI FMS(i , s, d)]*[ pcgds(d) +qf es(i, s, d)] +

VFDI _HHI (i,s,d)*anrr_hhi(i,s,d)}
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E anrrd_h_i (AIl,i, TRAD_ COW (Al |, r, REG

I FL VKD(i, r)=0,anrrd_h_i(i,r)]=

I F[ VKD(i, r)>0,

100*{yankri (i, r)-sunis, HOVE, yank_hhi (i,s,r)]}-

{[ EVDFA(i,r)-EVDFMi,r)]*[pcgds(r)+qgfed(i,r)]+

VKD(i,r)*anrrd_h_i(i,r)}

I Checking equations for incone and incone tax revenue !

E rtykr

# tax on capital incone, by region # (Al,r, REG

rtykr(r) = typr(r) + fke(r);

E check_inctax (Al,r, REG

RVTXYCR(r) *check_i nctax(r) =RVTXYCR(r)*rtyr(r) - {

sun(i , NONCAP_COW  {VOM(i, r) * [pn(i,r) + qo(i,r)]}

- {VOA(i,r) * [ps(i,r) + qo(i,r)]})+

sunm(i, ENDWC_COMM {VOMi,r) * [pn(i,r) + kr(r)]}

- {VQA(i,r) * [ps(i,r) + kr(r)]})+

TYPR_L(r)*{YCHHDPR(r)*qyhir(r) + YCHH TR(r)*yhdr(r)}+

TCHHI TR(r) *typr(r)-
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TDEP(r)*{typr(r)+depr(r)}+

! Add capital inpedinment rents !

TYPR_L(r)*100*[yankr (r)+yank_h__(r)+ykit(r)]+

[ ANKTAX(r) +ANKTAX_H__ (1) +YKAPI MPTAX(r)]*TYPR L(r)*typr(r)+

! Add output inpedinment rents !

TYPR_L(r)*100*[yanpr(r)+yanp_h__(r)+yoit(r)]+

[ ANPTAX( ) +ANPTAX_H__(r) +YOUTI MPTAX(r)]*TYPR L(r)*typr(r)};

E_check_captax (All,r, REG

RVTXYCKR(r) *check_capt ax(r) =RVTXYCKR(r)*rtykr(r) -

sun(i, ENDANC_COW {VOMi,r) * [pm(i,r) + kr(r)]}

- {VOA(i,r) * [ps(i,r) + kr(r)l});

E check_capinc (Al,r, REG

KTT(r)*check_capi nc(r)=KTT(r)*fke(r)-

sun(i, ENDAC_COW {VOM(i,r) * [pn(i,r) + kr(r)]});

E_check_l abtax (All,r, REG

RVTXYCLBR(r) *check_| abt ax(r) =RVTXYCLBR(r)*rtylr(r) -

sun(i, LABOR, {VOMi,r) * [pn(i,r) + qo(i,r)]}

- {VOA(i, 1) * [ps(i,r) +qo(i,r)]});

IR S T |
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! M scel | aneous equati ons from FTAP !

I These equations define various useful ratios. Some of the foreign income to !

| GDP ratios are used to nodify the BOP equation from GTAPI CM for FTAP. !

E_qaer #Equity to incone ratio#

(all,r,REG qaer(r)=ASEQR(r)/YCR(r)*[aer(r)-y_r(r)];

E qyanp_h__

#ratio of net output inpedinent rents to national incone#

(all,r, REG | NCOVE(r)*qyanp_h__(r)+ANPTAX H (r)*y_r(r)=100*yanp_h__(r);

E qyank_h__

#ratio of net capital inpediment rents to national income#

(all,r, REG | NCOVE(r)*qgyank_h__(r)+ANKTAX H (r)*y_r(r)=100*yank_h__(r);

E_qyfdirat

# ratio of net FDI incone to national incone#

(all,r,REG INCOVE(r)*qyfdirat(r)+VINC H (r)*y r(r)=100*yfdi _h_ (r);

E nyanp_h__ #ratio of net output inmpedinment rents to gdp#

(all,r,REG GDP(r)*nyanp_h__ (r)+ANPTAX H (r)*gdpn(r)=100*yanp_h__ (r);
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E_nyanpr # ratio of locally generated output inpedinent rents to gdp #

(all,r, REG GDP(r)*nyanpr (r)+ANPTAX(r)*gdpn(r)=100*yanpr(r);

E_nyank_h__ #ratio of net capital inpedinment rents to gdp#

(all,r,REG GDP(r)*nyank_h__(r)+ANKTAX H (r)*gdpn(r)=100*yank_h_ (r);

E_nyankr # ratio of locally generated capital inpedinent rents to gdp #

(all,r, REG GDP(r)*nyankr (r)+ANKTAX(r)*gdpn(r)=100*yankr(r);

E nyfdirat # ratio of net FDI inconme to gdp #

(all,r,REG GDP(r)*nyfdirat(r)+VINC H (r)*gdpn(r)=100*yfdi _h_(r);

IR S T T |

! Renai ni ng m scel | aneous equati ons from GTAPI CM !

! (G hers are in the appropriate parts of main GIAPI CM secti on) !

I These equations are lifted fromthe original SALTER equation |i st !

! and are identifiable by their SALTER equation nane, as !

! docunented in Table Al of Jomini, P., MDougall, R, Watts, G & !

! Dee, P.S. (1994) "The SALTER Mbdel of the World Econony: Model !

I Structure, Database and Paraneters", Industry Conm ssion, Canberra, !
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I SHO! REALCONS # real aggregate private consunption #

(all,r,REG ctr(r) = yp(r) - ppriv(r)

1'SI2! RATIO YCAB_GDP # ratio of bond inconme to gdp #

(all, r, REG GDP(r)*nyas(r) + YCITR(r)*gdpn(r)

= YCR(r)*qyir(r) + YOATR(r)*y_r(r);

1Sl 3! RATI O GCUAS GDP #ratio of govt current account surplus to gdp #

(all, r, REGQ GDP(r)*gcass(r) + SPGVR(r)*gdpn(r)

= RCGVR(r)*qrgsr(r) + SPGVR(r)*rgr(r);

1Sl 4! RATI O NET_CAPL_I NFLW # ratio of net capital inflowto gdp #

(all, r, REG VDEP(r)*depr(r) + YCR(r)*qysr(r) + SVR(r)*y_r(r)

+ GDP(r)*nkis(r) + NC L(r)*gdpn(r) = REGANV(r)*invt(r);

I SI5! RATIO BAL_TRADE CDP # ratio of the balance of trade to gdp #
(all, r, REG GDP(r)*bts(r) + BTL(r)*gdpn(r)

= VXVWREG ON(r) *vxwreg(r) - VIVWREG ON(r)*viweg(r);

I SH1I0! AGGE NV # nomi nal aggregate investnent #

(all,r,REG invt(r) = pcgds(r) + gcgds(r) ;
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1 SH26! NATL_CONSN_EXPRE

# national consunption expenditure, by region #

(all,r, REG EPCSR(r)*ecr(r) = PRIVEXP(r)*yp(r) + GOVEXP(r)*zg(r);
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J Changesin FTAP

J.1 FTAP version 2

In version 1 of FTAP nominal private bonds by region determined from the asset
supply nest does not equal the value of nominal private bonds defined in terms of
GTAPICM variables. The latter is used in determining income flows from private
bonds. The equality does hold globally, however.

In the current corrected version, the equation (page 70, chapter 4)

E pb #World bond price# I Deleted in FTAP version 2, Appendix J !
O=sum{ s,REG,ASHHBDR(s)*[pbr(s)+qgbr(s)]-
[Y CHHDPR(s)* gyhbr(s)+ASHHBDR(S)* yhdr(9)]} ;

which ensures the global equality, is changed to

E f_ipahr #Equate GTAPICM and FTAP private bonds by region# (All,s,REG)
ASHHBDR(s)*[pbr(s)+gbr(s)]=
[Y CHHDPR(s)* gyhbr(s)+ASHHBDR(s)* yhdr(s)];

to ensure the regional equality.

As may be clear from the change in the name of this equation, there has also been a
change in the function of this equation within the system. Whereas previously the
global equation was used to determine the globally uniform price of bonds, now it is
used to determine the private wealth price index (variable ipahr), an index that was
previously (and uncomfortably) determined ssmply as a share weighted sum of other
price indices. The equation for ipahr (page 32, chapter 3) is altered thus:

1SG9! HHOLD_ASST_PRINDX # household asset price index # (all,r,REG)
ASHHR(r)*[ipahr(r)+f_ipahr(r)]=

ASEQR(r)*iper(r)+ASHHBDR(r)* (pbr(r)!+er(n!);
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with f_ipahr being set endogenoudly (that is, the equation is turned off).

As may also be clear, there is now no equation for determining the global price of
bonds (variable pb). The bond price cannot be determined independently of the rate
of return on bonds, so it is set exogenously at O, except for a homogeneity test
where it is tied to the numeraire. To accommodate these two possibilities, the
equation:

E pb pb=pfactwld+f_pb;

Is introduced. Variable pb is exogenous in policy simulations, but variable f_pb is
exogenous for doing the homogeneity test (as indicated, for example, at the bottom
of the command file ter.cmf that is contained in the model ZIP file ftapsoftware.zip
on the Commission’ s web site).

The file changes to ftap.tab, which is contained in the mode ZIP file
ftapsoftware.zip on the Commission’s web site, is an UNIX file difference between
the TABLO code of FTAP versions 1 and 2.
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