Chapter 1

| ntroduction

Thomas Hertel

The goal of this chapter isto introduce readers to the Global Trade Analysis Project (GTAP) and
provide abit of history on the data base and software which accompany this documentation. Those
readers who are already familiar with GTAP may wish to briefly scan section 1.2 to get afeel for
new developmentsin version 5, before moving on to chapter 2. However, individual s who have not
had extensive contact with this Project will likely find that this material provides a useful lens
through which to view the version 5 data base and associated software. By reading about the
historical evolution of this unique data base, one acquires not only an appreciation of how far we
have come, but also a sense of what might be possible in the future.

1.1 Overview of GTAP

1.1.1 WhatisGTAP?

GTAPwas established in 1992, with the objective of lowering the cost of entry for those seeking to

conduct quantitative anal yses of international economicissuesin an economy-wideframework. The

Project consists of several components:

— afully documented, publicly available, global data base,

— astandard general equilibrium modeling framework,

— software for manipulating the data and implementing the standard model,

— aglobal network of more than 1200 researchers (about 600 formal members and 600 informal
members) with a common interest of multi-region trade analysis and related issues,
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— aconsortium of national and international agencies providing leadership and a base level of
support for the Project, and

— aWorld Wide Web site for dissemination of data, software and Project-related information
(www.gtap.agecon.purdue.edu).

1.1.2 Motivation for GTAP

As the world economy becomes more integrated, there is an increasing demand for quantitative
analysesof policy issuesonaglobal basis. Duetoitseconomy-wide coverage, GTAPisparticularly
useful for analyzingissuesthat cut acrossmany diversesectors. Thisdatabaseisparticularly popular
withresearchersanalyzing the potential impact of ; (a) global tradeliberalization under afuture WTO
round, (b) regional trade agreements, (C) economic consequences of attempts to reduce carbon
dioxide (CO,) emissions via carbon taxes, and (d) domestic impacts of economic shocks in other
regions (e.g., the Asian crisis, or rapid growth in China). Sector-by-sector analyses of these
guestions can provide avaluable input into studies of theseissues. However, by their very nature,
these shocks affect all sectors and many regions of theworld, so thereisno way to avoid employing
a data base which is exhaustive in its coverage of commodities and countries. The Global Trade
Analysis Project is designed to facilitate such multi-country, economy-wide analyses.

1.1.3 GTAP Data Base

The central ingredient in GTAP's success has been the global data base. It combines detailed
bilateral trade, transport and protection data characterizing economic linkages among regions,
together with individual country input-output data bases which account for intersectoral linkages
within regions. (Seethe glossary at the front of the document for acompletelist of GTAP regions
and commodities for the version 5 data base.) Construction and maintenance of this data base
adheres to the following principles:

Public Availability. The database is made available to anyone requesting it, at amodest fee.
This prevents needless duplication of effort in creating this public good. By charging for the data
basewe are also ableto cover some of the costsincurred in constructing it. However, the bulk of the
costs are still covered by the GTAP consortium members through their annual contributionsto the
Project.

Regular Updates. The current releaseisthe fifth (Version 5) since 1993. (The average life
span of arelease istwo years.)

Broad Participation. The network of GTAP users represents an excellent resource for
improvement of the database. Another benefit from broad participation is the extensive scrutiny to
which the databaseis subjected. Thosewho identify areasfor improvement or extension of the data
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base are freeto make thisavailableto GTAP staff in order to have it considered for incorporation
into the version 6 data base. The operational concept is"if you don't likeiit, help fix it!"

Comparative Advantage. By making the data base publicly available, and offering to
incorporate improvements provided by members of the network, each individual is able to work to
his/her own comparative advantage, while capitalizing on the contributions of others.

Documentation and Replicability. One reguirement for new contributionsto the GTAP data
base is that the sources and procedures used to create them be provided along with the data. This
publication represents the basic documentation for the version 5 data base. Additional detail --
GTAP region-level tables in particular -- may be found on the GTAP web site, under version 5
documentation. However, in spite of thisextensive documentation, it isnot always possibleto make
thisexhaustive. Therefore, werefer interested usersto the chapter authorsthemselvesin those cases
where this document isinsufficiently detailed.

1.1.4 Model and Software

In order to operationalize this large data base, a standard modeling framework has been devel oped.
The components of this multiregion, applied general equilibrium model are relatively standard.
However, distinguishing featuresinclude: thetreatment of private household behavior, international
trade and transport activity, and global savings/investment relationships. Also, quite anumber of
auxilliary variables have been introduced in order to facilitate a variety of alternative closures. For
a complete description of the GTAP modeling framework and selected applications, see: Hertel,
T.W. (editor) Global Trade Analysis Using the GTAP Model, New Y ork: Cambridge University
Press, 1997.

A copy of the current version of the model and software for implementing it are freely
available onthe GTAPweb site. In addition, aset of GT AP technical papersisavailable on the web
site. Many of these offer extensions to the standard model incorporating features such as imperfect
competition, technology spill overs, detail ed treatment of energy demandsand CO, emissions, aswell
as dynamics.

The model isimplemented using the GEMPACK software suite, developed at the Centre of
Policy Studies, Monash University, under the direction of Ken Pearson. This software permits the
user to conduct simulations of the standard model in which changes in policy, technology,
population and factor endowmentsare examined. The user specifiesthesplit between exogenousand
endogenous variables (i.e., model closure). Behavioral parameters may also be altered. Outputs
include a complete matrix of bilateral trade, activity flows (and percentage changes) by sector and
region, private and government consumption, regional welfare, and avariety of summary variables.
Userswith accessto GEMPACK may also modify thetheory of themodel. The RunGTAP software
environment greatly facilitates use of the standard model, as well as replication of the GTAP
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technical papers. There are also GAM S models designed to run on top of the GTAP data base. For
more information on these, see the GTAPINGAMS link on the GAM S web site.

Thereare currently morethan 470 documented applications built upon some part of the GTAP
framework (seetheweb site), and many more are currently underway. These areaimed at addressing
agreat variety of issuesincluding: trade policy reform, regional integration, energy policy, global
climate change, technological progress, and links between economic growth and trade.

1.1.5 Short Coursein Global Trade Analysis

Each year, during the June - August period, a short course is offered, with the goal of introducing
newcomersto the GTAPmodel, software and data base. This course beginswith aseven-week, web-
based introduction to the material, followed by an intensive, on-site component lasting one week.
Emphasis on hands-on training, has proven to be an excellent way for interested researchers to
become operational with GTAP. This course is occasionally offered overseas as well. More
information about these offerings is available on the GTAP web site.

1.2 Historical Development of the Data Base

Theversion 5 data base documented in this monograph builds heavily on earlier work at Purdue, as
well as research and data base development efforts at a number of national and international
agencies. Indeed, early versions of the GTAP data base built very heavily on the SALTER Project
which was undertaken at the Australian Industry Commission during the 1980s and early 90s.
Version 1 of the GT AP database used the samethirteen sourceinput-output (1-O) tablesas SALTER
(and much of the software for processing them), while supplying new bilateral trade and protection
data. Versions 2 and 3 added new regions to the data base, while gradually updating the original
SALTER I-Otables. Version 4 replaced aimost all of the original SALTER data bases and it added
many more regions (reaching atotal of 45).

Version 5 has 66 regions — four times the number in the original, version 1 data base.
Virtually al of these additions to the data base have been provided by members of the GTAP
network, often resident in the countriesfor which they are supplying data. With the expansion of the
number of countriesin the data base, the relative importance of the remaining, “composite regions’
has become continually smaller, thereby greatly improving the accuracy with which the global
economy is represented.

Two contributions stand out in particular with version 5. The first of these was a project
undertaken by the Dutch Agricultural EconomicsResearch Institute ( LEI), with partial fundingfrom
the European Commission, aimed at fully disaggregating the 15 European Union member states. This
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was successful and greatly enhanced the value of the GTAP data base for analysis of European
policy issues. The second major project was funded by the UK Department for International
Development (DFID) and undertaken by Mark Horridge of the Centre of Policy Studies, in
conjunction with GTAP staff. This effort aimed to incorporate a set of Social Accounting Matrices
constructed by thelnternational Food Policy Research Institute (IFPRI) with support fromthe Danish
government, under the so-called “MERISSA” project. The resulting product was seven new data
basesfor Southern Africa, which have givenriseto aflurry of research on regional trade agreements
and other important economic policy issuesin Southern Africa.

In addition to increasing the regional coverage, versions 4 and 5 of the data base have added
sectoral detail -- thereby departing from the original SALTER sectoral definitions. Thisis much
more difficult than adding regions, since it requires revisiting the source datafor al regions -- not
just new additions. In version 4, we disaggregated the 37 sectors previously used to the level of 50
sectors. Much of the additional detail was providedinfood and agriculture. Whilethere was already
agreat deal of detail inthisarea, it wasnot particularly useful detail, fromthe viewpoint of the some
GTAP Consortium members. In addition, version 4 broke out autos and parts and electronic
equipment, in light of their dominance in world trade. Finally, electricity, gas and water are
disaggregated in order to better serve the interests of those working on energy-environment issues.
Version 5 aimsto support improved analysis of services -- particularly in the context of futuretrade
agreements, by disaggregating an additional seven service sectors, including communications,
financial services, and insurance, as well as three modes of transportation: air, seaand land. With
the advent of the transportation splits, the version 5 data base now disaggregates international
transport margins by mode.

One of the most important contributions of GTAP has been in the area of improved bilateral
trade datafor economic modeling. Thiswork was begun by Marinos Tsigas at Purdue University in
the late 1980s, and it has emphasized the use of automated procedures for the reconciliation of
reported importsand exports, in addition to the estimation of bilateral trademargins(Tsigas, Binkley
and Hertel, 1992). Mark Gehlhar continued thistradition at Purdue and took thisinterest with him
to the Economic Research Service of the USDA, where he has continued to refine his methods
(Gehlhar, 1996). Gehlhar’ sapproach to reconciling merchandisetrade dataisclever, yet ssimple. He
compares a country’s reported trade with that reported by its partners and computes a reliability
index based on the percentage of the time that these two reports match one another. For any given
trade flow, the reporter with the highest reliability index for that commodity is the one who is
deemedtobeaccurate. Gehlhar’ swork showsthat earlier approachesbased on broad generalizations
(e.g., imports are more reliable than exports, developed countries are more reliable than their
developing counterparts) are unjustified. Gehlhar discusses this approach, and his findings for the
version 5 data base, in chapters 15.B and 15.C. Gehlhar has also contributed to the estimation of
bilateral trade and transportation margins by mode. This new work, undertaken jointly with Robert
McDougall, is also documented in chapter 15.D.
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Chapter 15.E coversthetopic of tradein services. Thiswork has been spearheaded by Robert
McDougall. Here, the source datais much weaker —with bilateral flowsincomplete and inconsistent
in many cases. Therefore, version 5 concentrates on getting the total exportsand importsright, with
the bilateral flows determined in a mechanical fashion. We plan to incorporate the existing
information on bilateral services trade into the version 6 data base using the information-theoretic
approach proposed by McDougall (2000).

The GTAP protection data base has also evolved considerably since the project’ sinception.
Most of the work for the version 1 data base was conducted by Bradley McDonald, while he was
employed at ERS/USDA. Tariff data was drawn from the GATT Trade Policy Reviews, while
support and protection datafor agriculture was taken from acombination of OECD and ERS/USDA
country studies of Producer Subsidy Equivalents (PSES). The culmination of the Uruguay Round
negotiations provided arare opportunity to improve GTAP' s protection data base. With individual
countries submitting tariff schedulesto the WTO, arich data base emerged. In version 2, we were
ableto build on disaggregated tariff data provided by the US Trade Representative's office. These
data, documented in chapter 2 of the GTAP book cited above, was aggregated up from thetariff line
level using import weights. In this way, the GTAP data base was able to capture bilateral variation
intariffsfor the same composite products. Thisvariation, dueto the composition of tradeinteracting
with varying tariff rates, has been found to be quite significant in some cases. The version 2 data
base al so witnessed introduction of a variety of non-tariff barriers, including anti-dumping duties,
countervailing duties, price undertakings, and export restraints on textiles and wearing apparel.
Unfortunately these proved to be a one-time only contribution from the WTO and have since been
dropped as they became severely outdated.

The version 3 protection data base capitalized on work done for the World Bank’s 1995
conference on the Uruguay Round and the Developing Countries (Martin and Winters, eds., 1996).
Pre- and post- Uruguay Round protection data compiled by the World Bank, based on the WTO'’s
integrated data base, aswell as other sources, made this aunique data base. Unfortunately, thiswas
aone-timeeffort which wasnot updated. Asaresult, theversion 4 tariffs database was sourced from
the UNCTAD TRAINS database, viathe World Bank, courtesy of Will Martin, Jerzy Rozanski and
Emiko Fukase. Thiswas supplemented on the agriculture side by estimates of market price support
and subsidy rates based on the OECD’ s PSE data base. These were contributed by Marinos Tsigas,
then at ERS/USDA. For the non-OECD regions we were forced to draw on earlier protection
information, adjusted for changesin world prices and hence average protection levels.

Version 5 again draws on the same source for tariff data and chapter 16.B, authored by Aki
Kuwahara, Jerzy Rozanski and Azita Amjadi, describes the WITS system used to produce the
aggregated GTAP non-agricultural tariff rates. Unfortunately, at the time version 5 was produced,
it was not yet possible to obtain the aggregated tariff preferences from WITS, and so the tariffsin
version 5 are still just applied MFN tariffs. The only Free Trade Agreementsreflected in version 5
are NAFTA, the AustraliaaNew Zealand Closer Economic Relations Trade Agreement
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(ANZCERTA), the European Union customs area, EU-EFTA, and the Southern Africa Customs
Union (SACU).

An important new development in the Version 5 GTAP data base has been the use of
information based on the Agriculture Market Analysis Database (AMAD) for agricultural tariffs.
Thisproject represents ajoint effort between anumber of national and international agencies aimed
at providing consistent protection estimates for agriculture. Since these data were not all available
in ad valoremform, additional work wasrequired, and thiswas undertaken at ERS/USDA under the
leadership of Paul Gibson. Details are provided in chapter 16.C, authored by Gibson, Wainio and
Whitley.

Another big change in version 5 has to do with the treatment of agricultural subsidies. A
decade of decoupling in many of the OECD countries had |eft the earlier approach of treating these
as a simple output subsidy quite out-of-date. In version 5, we take advantage of the PSE
classification of subsidiesinto morerefined categoriesin order to better reflect the economicimpact
of farm subsidies, treating some as intermediate input subsidies, and others as subsidies on land
and/or capital. This work was undertaken at the Danish Institute of Agriculture and Fisheries
Economics (SJFI) and at the Economic Research Service of USDA. Theall ocation of these subsidies
isnot without controversy, and the two agencies ended up with somewhat different subsidy profiles.
In the end, a standard formula was agreed upon and incorporated into the version 5 data base, and
thiswork is documented in chapter 16.E, authored by Hans Jensen.

Onepoint that needsto be strongly emphasized for users of thisdatabaseisthat the protection
data supplied in GTAP isintended to represent a starting point for analysis. Any researcher using
GTAP to conduct analysis of a specific policy liberalization scenario must scrutinize these data
carefully for thefocuscountriesin her/hisanalysis. In many cases, some adjustment will berequired
to reflect improved information that is often available from country-specific sources. Having
ascertained cases where the protection informationin GT AP must be altered to better reflect redlity,
the user can take advantage of the ALTERTAX program to make these changes. This program is
documentedin GTAP Technical Paper No. 12 by Gerard Malcolm (1998), and it has been madeinto
an easy-to-use feature of the RunGTAP software authored by Mark Horridge (2001).

A final areain which there have been some significant changesintheversion 4 database
isthat of primary factor splits; i.e. how much of the value-added in a given industry is attributable
to labor, how much to capital, etc. Version 4 offered for thefirst time asplit of labor paymentsinto
unskilled and skilled componentsfor each of the sectorsin each of theregionsin the database. This
feature has been retained in version 5. The sector/region splits are done based on 15 national labor
surveyswhich have been processed into acommon format and definition by Tri Thanh Vo and Rod
Tyers, with additional work by Jing Liu and Nico van Leeuwen. By fitting a regression model to
these data, the authors are able to predict industry splitsfor the remaining GTAP regions, based on
per capita GDP and the stock of tertiary educated labor in the economy asawhol e (see chapter 18.D
and GTAP Technical Paper No. 11 by Liu et al.,1998, for more details).
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In addition to the labor splits, versions 4 and 5 have broken out a natural resource input into
the forestry, fisheries, coal, oil, gas, and other minerals sectors. The cost share of this natural
resource input has been chosen (“calibrated”) in order to replicate atarget elasticity of supply for
each of theseresource-constrained sectors (see chapter 18.C for moredetails). By constraining these
natural resource-based sectors in this way, we hope to capture the appropriate price/quantity
responses to economy-wide shocks in the absence of detailed modeling of resource stocks and their
depletion.

Another important area of recent development for the GTAP data base has been the
incorporation of energy volume data. These were first introduced in an interim version following
release of version 4 —nicknamed GTAP 4E. Thiswaswidely used by those conducting research on
climate change policy. The process of reconciling energy volume and price data obtained from the
International Energy Agency (IEA) aswell as other sources, with the value flowsin the GTAP data
base, has proven to be a challenging task. There remained substantial room for improvement after
therelease of GTAP 4E. For thisreason we invested considerable effort in the energy data base and
associated programs used in version 5. Thiswork, led by Jean-Marc Burniaux, was quite successful
at reducing the discrepancies between the two sources of information on energy usage. An overview
of thiswork is provided in chapter 17, with more details available in the web-only documentation
accompanying this volume.

1.3 Future Development of the Data Base

Future devel opment of the data base is heavily influenced by the GTAP advisory board. Thisgroup
is made up of representatives from each of the agencies in the GTAP Consortium. Based on
feedback at the 2000 and 2001 board meetings, we are devoting considerable energy to improving
the overall quality of the data base. There are several dimensions to these efforts. Firstly, we plan
towork moreintensively with national data base contributors. Oneway of doing thisisto encourage
earlier contributions of national databasesfor version 6. Accordingly, we have instituted a process
of interim releases of version 5, i.e. 5.1, 5.2, etc. These will occur on roughly asix month cycle and
will involve anew version of the GT AP databasefor which everything else (baseyear, international
trade data, protection data, balancing programs, etc.) remains unchanged. The only differenceisthe
introduction of the new I-O data. The latter could involve an update of an existing region, or an
entirely new country to be broken out of one of the existing, composite regionsin version 5. These
interim releases will spread out more evenly the contribution of new data bases which have tended
to become bunched up in the period prior to the pre-release of a new version.

Another aspect of quality improvement in version 6 will be increased communication with
contributors regarding the adjustments required to make their data compatible with the rest of the
GTAP database—and seeking to understand where and why discrepanciesarisein thisprocess. This
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may, in turn, suggest areas for improvement in the contributed data bases. Or alternatively, these
discrepancies may point to needed improvementsin the international databasesused in GTAP—or
perhaps alternative means of reconciling thetwo. A good exampl e of the latter that has arisenin the
context of version 5, has to do with the overall size of the agricultural sector in many of the EU
member states. Since the source data bases are out-of-date in many cases, and sincetherelative size
of agriculture in many of these countries has been shrinking, a“neutral” update to match base year
macroeconomic totals (see chapter 19 for a discussion of the update methodology) resultsin an
overly large agriculture sector in many cases. Explicit targeting of agricultural output figuresfor the
base year would overcome this problem.

Thisleadsto the second areain which we hopeto improve the quality of the GTAP data base,
namely the multilateral data sets. Top on thelist of prioritiesin thisareaisthe goal of incorporating
tariff preferences. With the rapid proliferation of regional trade agreements, the number of tariff
preferences has skyrocketed. Picking these up and appropriately aggregating them to the level of
GTAP commodities has been a purely technical problem which appears to have been finaly
resolved. Bringing this improved information into the version 6 GTAP data base will be a high
priority. Other areas where the multilateral data base must be improved include: estimation of
bilateral servicestrade flows, estimation of transport margins, by mode, and the treatment of some
of the most obvious non-tariff barriers (e.g., anti-dumping duties).

Another promising direction for development of future GTAP data bases involves the
incorporation of additional data on physical and environmental variables. Examples include
emissions of non-CO, greenhouse gases from agriculture and industry, as well as data on land use
by sector and region. These types of information would greatly enhance the value of GTAP for
analysis of climate change policy and it appearsthat aproject inthisareawill be forthcominginthe
future. Recent GT AP board meetings have al so suggested the desirability of improving the dataon
government revenues and expenditures, as well as international investment data — but to date we
have not found external support for such an undertaking.

The GTAP data base is a dynamic entity which is evolving in response to the needs and
support of individual usersaswell as public agencieswith an interest in international trade, natural
resources and the environment. We encourage you to becomeinvolved in this network, subscribing
toour discussion list, possibly attending the short course, and using this data base. Welook forward
to your feedback!



1.4 Outline of this Document

The remainder of this documentation is made up of two parts. Part |, comprising chapters 2-10,
presents summary data derived from the entire GTAP data base as well as an overall summary of
some of the associated utilities. The data base overview chapters include macroeconomic data by
region (chapter 2), disposition of salesand costs by commodity and by region (chapter 3), protection
data(chapter 4), and |-O multipliers (chapter 5). Sincethe database has now grown to the point that
it is not possible to include summary data for all sectors and regions in the hard-copy document,
some of these summary tables are placed on the web, in the form of supplementary tables. Chapter
6 computes effective protection rates while chapter 7 discusses the time series trade data available
with each GTAP release. Chapters 8-10 describe the GTAP data base and the software used in
aggregations and in viewing data.

Part 11 begins with a detailed documentation of the new input-output tables for the version 5.
Documentation of the earlier contributions are available in the monographs documenting prior
rel eases (see the web site for electronic versions). Chapters 12-14 discuss other important aspects
of the domestic data base construction procedures, including: the supplementary food and
agricultural data base, methods used for disaggregating source tables, and procedures for building
the composite regions which cover the “rest of the world”.

The trade data base is documented in chapter 15, including an overview (15.A), treatment of
re-exports (15.C), estimation of bilateral trade margins by mode (15.D) and estimation of services
trade flows (15.E). Protection datais another large topic, covered in the multi-part chapter 16. This
includes discussion of the merchandise tariff data, as well as protection data for agriculture in
particular (tariffs, export subsidiesand domestic support), and export tax equival entsassociated with
the Agreement on Textiles and Clothing.

Chapter 17 covers the sources and procedures used to build the energy data base that
accompaniesthe version 5 data base. While only volume data are supplied with GTAP 5, price data
were also required in order to reconcile these volume data with GTAP's value-based energy
expenditures. Chapter 18 describes the macroeconomic, capital stock, and energy data used in the
database. The chapter a'so documents the methodology used to derive labor splitsfor all sectors,
and the primary factor shares for the natural resource-based industries. Chapter 19 summarizesthe
procedure (FIT) for updating the regional input-output tables to the base year 1997. Chapter 20
describes how the GTAP behavioral parameters were obtained. Finally, chapter 21 describes the
process of assembling the full data base.
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