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When impacts of WTO market access proposals are analyzed with economic
trade models, it is necessary to aggregate tariff data from the detailed tariff line
level to the model level. In this article import tariffs and implemented import tariff
cuts are aggregated from the HS5-digit tariff line level with the smple and trade
weighted average, the Trade Restrictiveness Index (TRI) and the Mercantilist
Trade Restrictiveness Index (MTRI) by considering bound and applied tariff rates.
The resulting tariffs are substituted for the originally applied import tariffs of the
GTAP data base. Multilateral trade liberalization scenarios are then implemented
and the welfare effects are compared.
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|. Introduction

Trade policy is carried out on the very detailed level of tariff lines, for which
severa million pieces of tariff information exist. The consumption and production
data needed for economic models of trade are, however, only available at a much
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higher aggregation level. Due to the rare availability of these data at the tariff line
level, there are only a few practical possibilities for carrying out atheoretically
based aggregation. Up until now, mainly ssmple or trade weighted averages of the
tariff data were used in modeling (Manole and Martin, 2005).

There is a growing body of literature on alternative aggregation methods.
Anderson and Neary (1994, 2003) devel oped two theory-based indices: the Trade
Restrictiveness Index (TRI) and the Mercantilist Trade Restrictiveness Index
(MTRI). While the first index measures the uniform welfare equivalent trade
restriction, the second index is an import equivaent method. Most of the empirica
studies that apply these indices use them for descriptive purposes and to compare
the outcomes of different tariff aggregation methods on that level. Only a few
studies exist that incorporate different tariff aggregates into economic trade models
and empirically analyze their impact on welfare results. Yu (2007) compares the
smple average tariff with the trade weighted average for Least Developed Countries
(LDCs) with the Global Trade Analysis Project (GTAP) model and finds that the
trade weighted average underestimates the welfare impact of preference erosion.
Manole and Martin (2005) analyze the trade weighted average tariff, a tariff
revenue aggregator and an expenditure aggregator within a general equilibrium
model of a small open economy with two sectors and three goods. The results of
their analysis show that the welfare effects of trade liberalization are significantly
underestimated with trade weighted average tariffs in comparison to the other two
aggregators.

This paper builds on Pelikan and Brockmeier (2008) and aims to contribute to
the relevant literature in the following ways: On the methodological level, it
presents aggregation methods that are applicable to large data sets of economic
trade models with bilateral trade flows. On an empirica level, it is based on work
by Kee et al. (2005a, 2005b) but it newly derives a three dimensional index for
each product, importer and exporter from the HS6 tariff line level for the entire
data base of the GTAP model. The originally applied import tariffs of the standard
GTAP data base are replaced with the newly derived tariffs. Thereby, the simple
average and the trade weighted average tariff, the TRI and the MTRI are compared
with each other. To our knowledge, no empirical study has been carried out that
applies and compares the TRI and MTRI using an entire data base for a multi-
sectoral, multiregional trade model. Additionally, all studies that derive the TRI
and MTRI for descriptive purposes use either the bound or the applied tariff rates.
Our study closes this gap in the literature and takes bound and applied tariffs into
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account. Furthermore, tariffs are cut at the HS6 tariff line level according to a
tiered harmonization formula considering both tariff forms.

The paper is organized as follows: section two of this paper describes the theory
of the implemented tariff aggregation method and gives a short overview of the
current literature on this topic. In section three a simple, partial equilibrium
calculation of the TRI and the MTRI is applied to aggregate tariffs from the HS6-
digit tariff line level to the level of the GTAP model. Taking import demand
eladticities from Kee et d. (2005a) and using the MAcMap and COMTRADE data
base, we calculate aggregated bound and applied import tariffs. Based on the
ongoing political debate in the WTO negotiations, a multilateral trade liberalization
scenario according to the G-20 proposal (October 2005) is set up at the tariff line
level. In section four, the modeling results are compared by considering the welfare
effects. The focus of the discussion is on the EU-27. Thereby the following
guestions will be addressed: How do the different aggregation methods influence
simulation results of the GTAP model? Is it possible to find a rationale for the
differing of the results or are they different by chance? Finally, the paper ends with
conclusions drawn from this work.

I1. Economic Theory of Tariff Aggregation Methods

In the literature, a great variation of tariff aggregation methods are described and
used for empirical analysis. In this study, the simple average tariff, the trade
weighted average tariff, the TRI, and the MTRI are applied. Therefore, only these
four methods are discussed in the theoretical part of this paper. (For a broader
discussion of tariff aggregators see Cipollina and Salvatici (2006)).

A. Smple Average

The simplest aggregation method is the unweighted arithmetical mean (smple
average). This method gives the same weight to each tariff line. It is mainly applied
when no datais available for the use of other methods. This is often the case when
tariffs are aggregated from the HS12, HS10 or HS8 to the HSG-digit tariff line level.

The smple average does not consider the relative importance of the tariffs (Bach
et a., 2001). Also the tariffs should be as normally distributed as possible in order
to obtain representative results. As pointed out by Manole und Martin (2005), this
aggregation method it is very susceptible to manipulation. In the calculation of the
average tariffs, thousands of tariff lines can be added with a tariff rate of zero but
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no corresponding trade flow, and thus be of no significance for the particular
country. Yet, in this manner, avery low average tariff can be achieved which does
not reflect the real level of protection.

B. Trade Weighted Average Tariffs

The tariff aggregation based on weighting by import vaues is the most commonly
used aggregation method in modeling (Manole and Martin, 2005). This method
considers the relative importance of trade flows. The greater the importance of a
product for trade, the greater the weight given to the product in the aggregation.
One advantage compared to other aggregation methods is that the import values of
tariffs are accessible and internationally documented up to the 6-digit level. Thus,
the necessary data can, for example, be easily calculated with the WITS! Software
(World Integrated Trade Solution) from the COM TRADE data base.? Additionally,
the trade weighted average tariff is consistent with the national accounts of most
trade models.

The problem with this method is that the measured protection itself endogenoudy
influences the aggregation. If an import tariff increases, and, as a consequence, the
import demand decreases, the weight of the tariff also loses importance. In
contrast, the welfare loss of atariff increases with the increase of the prevailing
import tariff. The tariffs have a greater effect on welfare and traded quantitiesin
the case of ardatively eastic import demand than with arelatively inelastic import
demand function. However, the import weighted tariff shows high values, especidly
for tariffs of products with inelastic demand. Additionally, prohibitive tariffs are
assigned weights of zero, although the welfare losses are at maximum. This
endogenous bias consequently leads to an underestimate of the tariff restrictions.

There are different approaches in the literature which aim to minimize the
endogeneity bias associated with import weighting. For example, Wainio and Gibson
(2004) use export values as weights and Bouét et al. (2004) propose a weighting
based on reference groups. Additionally the weighting of tariffs with non-distorted
valuesis often presented as an dternative method. Anderson and Neary (2005) show,
however, that weighting with the undistorted import values can reduce the
endogeneity bias. In contrast, a correct presentation of welfare and traded quantitiesis
not given, since import demand elasticities are not consdered. Another disadvantage

Ycf.: hitp://wits.worldbank.org/witsweb/default.aspx

2United Nations Commodity Trade Statistics Data Base: http://unstats.un.org/unsd/comtrade/default.aspx
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of this method is that the import vaues are difficult to measure under free trade.
C. Trade Redtrictiveness Index

The Trade Restrictiveness Index (TRI) developed by Anderson and Neary (1994)
enables welfare based aggregation of the tariffs. It represents the trade restrictions
that are welfare equivalent to theinitial disaggregated protection structure on the
aggregated level. It therefore answers the question: Which uniform tariff would
keep welfare constant? (Kee et al., 2005b)

Anderson and Neary (1996, 2005) derive the TRI as a general equilibrium
application from the distance function developed by Deaton (1979). They define
the TRI as an inverse, uniform, tariff factor which compensates the representative
consumers for a current welfare change, while holding the balance of trade
constant. Most current studies on the TRI use this general equilibrium application
(i.e., Anderson and Neary, 2005; Bach and Martin 2001; Salvatici, 2001). The
advantage of this method is the theoretical consistency. However, it does not enable
one to capture a detailed tariff structure, since the necessary data are not available
at this detailed level (Cipollina and Salvatici, 2006). For the general equilibrium
application, the tariffs are aggregated first with the help of other methods (i.e., with
trade weights) and then the welfare equivaent protection level is calculated.

It is, however, possible to implement the TRI in a partia equilibrium framework
(Anderson and Neary, 2005). Bureau and Salvatici (2004a and 2004b), for example,
calculate the product specific TRI for the agricultura sector of the EU-15 and the
USA. They aggregate the bound tariffs from the HS8 level to the GTAP sector level.
The necessary elasticities are taken from the GTAP data base and are thus only
available at the aggregated level. The import demand is calculated in this study with
a CES (Constant Elagticities of Substitution) function. Kee et a. (2005b) calculate
the TRI for 91 countries under consideration of tariff and non tariff trade barriers.
For this purpose they aggregate al applied tariffs from the HS6 level to the country
level, so that one tariff per country is displayed. The import demand is modeled with
alinear function. Bureau et al. (2000) calculate the percentage changes of the TRI
based on bound tariffs at the HS8 level for the EU and the USA. Here, the TRI
based on data from the year 1995 is compared with the TRI in the year 2000. The
necessary import demand elagticities are estimated at the HA-digit tariff line level.

Different studies show that various simplifying assumptions must be accepted to
empiricaly calculate the TRI. Particularly alack of data availability at the detailed
tariff line level complicates the use of this concept in applied modeling. In the partia
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application of the TRI, no cross price effects or income effects are considered, and
changes in trade policy do not capture intersectoral effects. Also, the assumption of
asmall country does not permit the consideration of terms of trade effects. Thus,
the tariffs cannot affect the world market prices, and the welfare equivalence is
expressed only through a change in the allocation efficiency. In contrast to the trade
weighted average tariff the TRI can overestimate the tariff receipts. Thisis
particularly important in developing countries because they obtain a high share of
their national budget from tariff revenues.

D. Mercantilist Trade Restrictiveness | ndex

The Mercantilist Trade Restrictiveness Index (MTRI) is also defined by
Anderson and Neary (2003) and based on Corden (1966). With the help of this
index, the import volume equivalent protection is measured. The index shows how
strongly national protection distorts the imports from the rest of the world. It is
defined on the basis of an aggregated tariff, resulting in the same import volume as
the initial vector of non-aggregated tariffs at world market prices (Anderson and
Neary, 2003). Thus, the index measures the uniform tariff, which keeps imports
constant (Corden, 1966).

Anaogous to the TRI, most empirical calculations of the MTRI are done as a
genera equilibrium calculation (Cipollina and Salvatici, 2006). Anderson and Neary
(2005), or Antimiani and Salvatici (2005), for example, use this form. While work
in the first study is done on the H34 level, it is carried out in the second study at
the GTAP model level. The detailed tariff data are brought up to the appropriate
level with trade weights in both studies.

The MTRI can aso be caculated with the help of a partia equilibrium application.
Thereby, the MTRI is often expressed as an import vaue equivaent tariff originaly
proposed by Corden (1966). Kee et a. (2005b) derive the MTRI, for example, on
the basis of an import value equivalent tariff, and call it Overall Trade Restric-
tiveness Index (OTRI). In the framework of the above mentioned study, they
calculate applied tariffs and non tariff barriers at the HS6 level and aggregate them
to the source and product generic country level.

Bureau and Salvatici (2004b) calculate the product specific MTRI for the
agricultural sector of the EU-15 and the USA and Bureau et d. (2000) calculate the
changesin the MTRI for the EU and the USA through the implementation of the
Uruguay Round Agreement. The import and tariff data in both studies are also
identical with the data used to calculate the TRIs.
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[11. Methodology

A. Empirical Estimation of the Tariff Aggregators

Three dimensional arrays have to be created to compute the simple and trade
weighted average tariff, the MTRI, and the TRI for use in economic trade models
which are based on bilateral trade matrices. In the disaggregated data set each
import tariff is raised by aimporter s for imports from a partner r for each tariff
linej (j=1,...,n). For integration into the GTAP model, tariffs are aggregated to the
model region of a single importing country s for each model sector i, and each
trading partner r, whereas the partner country can be a single country or an
aggregated model region, respectively.

Equations (1) and (2) are used to calculate the smple average t2% and the trade
weighted average tariff tfy.

n
1
i3 = F]z tjirs (1)
j=1

tltrmé = z Wj*irs ' tjirs (2)
j=1
The weight W’}irs is based on the import quantity gj;;s and the world market price
Piirs for each product j at the tariff line level:

W'*irs — Qiirs - Pfirs (3)

J n
Z qjirs‘ ’ pjvivrs
j=1
The empirical estimation of the TRl and MTRI is carried out according to a
partial equilibrium approach that is applied to the entire tariff data base of the
GTAP modd. Following Feenstra (1995) and Anderson and Neary (2005), the TRI
is caculated from the linear import demand curve given below:

qjirs = ajirs_bjirs' pjirs (4)
Where the constant a;;s stands for the point at which the demand curve of |
intersects the ordinate and by, describes the slope of the demand curve. At the
price p;irs the quantity demanded of product j is grs. The welfare loss (W) arising
from an import tariff can be formally presented as:
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pﬁrs pjvivrs
W = b qjirsdpﬁrs - '[0 qjirsdpjvivrs - Qﬁrs : (pjdirs - pjvivrs)

5
= (ajirs ' pj(%rs - 0-5bjirs : (pjciirs)z) - (ajirs : pjvivrs - O'5bjirs ’ (pjvivrs)z) ( )

- (ajirs - bjirsqurs(pjciirs - pjv|vrs))

pﬁrs domeStiC price Of prOdUCt j1 pﬁrs = pjvivrs + pjvivrs ’ 1:jirs
Rearranging the expression in Equation (5) results in:
_ (t'irs i p'vivrs)2 ) b'irs

\Njirs - : |2 : (6)

The total welfare loss in a sector i caused by al tariffs of country s on imports
from country r can be expressed as " Wj;;s = W, so that the welfare equivalent
tariff At™ is defined by:

3 AR - o) sl = 3 [(tirs~ Piies)” - Byirs] (7)

j=1 j=1
The left hand side thereby shows the hypothetical welfare loss, while the right
hand side expresses the welfare loss which actually occurs. A rearrangement of
Equation (7) results in Equation (8):

05

n £
Eirs W
—
Ati-l;gl - E n = = : tj2irs (8)

i=1 *
) Z[Sjirs'wjirs]
i=1

The MRTI (AtM™") is calculated based on a concept by Corden (1966) and
Anderson and Neary (2005). It is also derived from a linear import demand
function. In this application the import value is used as the relevant metric to
caculate the MTRI such that the index is implicitly defined by Equation (9):

z [pjvivrs . [ajirs_ bjirs' (1 + Atj’\i/lrLRl) ! pjvlvrs]] = z [pjvivrs . [ajirs_ bjirs' (1 + tjirs) : pjvivrs]]
i=1 j=1

©)

The left hand side of the equation describes the total value of imports created

when the uniform tariff is employed. The right side of the equation defines, in

contrast, the total value of all imports under the given tariffs. Through a rearran-
gement of Equation (9) the following equation can be derived:
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n
E W
AtiMJRl = Z n_]L]L'tjirs (10)

i=1 *
) Z[gjirs'wjirs]
i=1

Where g;;s is the elagticity of import demand of product j.
Equations (8) and (10) serve to calculate the TRI and the MTRI in the empirical
part of this article.*

B. Data Set

For the empirical part of this analysis the data is taken from the literature. This
data has been adjusted to address the specific question under consideration, e.g.,
the calculated trade weighted and the smple average tariff only include tariff lines
for which elasticity data exists. Otherwise it is not possible to correctly compare
the different methods.

The tariff data used for the calculations stem from the MAcMap® (Market Access
Map) data base, developed through a combination of the information from the data
bases COMTRADE, TRAINS, AMAD and the WTO data base. MAcMap provides
information on preferential tariffs, tariff rate quotas (TRQs) and a consistent
conversion of specific tariffsinto AVEs. The information on preferentia tariffsis
taken from the TRAINS data base and extended with national sources. AVE
calculations are based on the median unit value of world-wide exports originating
from areference group to which an exporter belongs. These values are computed
using athree year average trade flow based on the 2000-2002 period (Bouét et d.,
2004). The cdculation of the AVEs for the bound tariffs is conducted with the help
of average world import unit values for the same year (Bchir et ., 2006). If atariff
line includes TRQs, these are converted with the help of the fill rate of the AMAD
database. If thefill rateis less than 90 per cent, the tariff is used within the quota. If,
in contrast, the fill rate is greater than 99 per cent, the out of quota tariff is
implemented. Should the filling rate be between 90 per cent and 99 per cent, a
sample average of the in and out of quota tariff is created (Bouét et a., 2004).

3In our empirical analysis we use source (partner) generic import demand elasticities (&;e).
‘Kee et al. (2005b) apply these as well.

Shittp://www.cepii.fr/angl ai sgraph/bdd/macmap.htm
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The trade data used as weights come from the COMTRADE data base and
reflect an average of the years 2000, 2001, and 2002. The internal trade in the EU-
15 and the new member states is excluded from the calculation. Furthermore the
tariff data of the EU-15 is transferred to the 12 new EU member states. Thus, the
EU enlargement is simulated at the tariff line level in concordance with the model
smulations.

The import demand elasticities used are estimated by Kee et a. (2005a) at the
HS6-digit tariff line level with a semi-flexible translog function. Thereby, the
elasticities defined are source generic, i.e., the import demand elasticities are not
differentiated by trading partner. The method is based on work by Kohli (1991)
and Harrigan (1997), whereby imports are included as inputs in a GDP function.
World market prices, factor endowment, and a Hicks neutral productivity are
included as exogenous variables in the function. The calculation with a GDP-based
function requires that the imported goods be processed domestically. Against the
background of increasing vertical integration, and the assumption that even in the
case of imported processed products a value adding occurs through transport and
marketing in the importing country, this GDP-based function is more frequently
being used to estimate such dadticities (Kee et a., 20053).

C. Computation of Different Scenarios

In the empirical part of this paper, a multilatera trade liberalization scenario is
carried out to show the effects of the different tariff aggregation methods on
modeling results. Therefore, an extended version of the comparative static standard
multiregional general equilibrium GTAP model® is applied.

Before the actud smulations are carried out, some pre-smulations are implemented
to extend the model structure and to update the protection rates. The focus of the
extension is on the EU-27. Therefore instruments of the Common Agricultural
Policy (CAP) and the common budget of the EU are included into the GTAP mode.

Based on the results of the pre-simulation, a base run is conducted which
projects the exogenous variables population, GDP and factor endowment up to the
year 2014. Additionally, the Agenda 2000, the EU enlargement and the EBA
agreement as well asthe Mid Term Review (MTR) are implemented in 2004, 2010
and 2014, respectively. The base run only considers policy interventions in the EU-
15 and in the 12 candidate accession countries. Parallel to the base run, a scenario

5The framework of the standard GTAP mode! is well documented in Hertel (1997) and available on the
Internet (www.gtap.agecon.purdue.edu).
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isimplemented as well. It takes account of the same projections and policy shocks
(Agenda 2000, EU enlargement, EBA agreement and MTR), but in the time period
from 2010 to 2014, it additionally implements the WTO scenarios. The latter final
step is in the focal point for the following analysis.

Concerning market access, the agricultura tariffs are cut according to the proposed
tiers and the capping of the G-20 proposal of October 2005 (compare Table 1). In
addition to the tariff cuts to open agricultural markets, tariffs of non-agricultural
commodities are reduced by 50 per cent and 35 per cent in the developed and
developing countries,” respectively. LDCs are exempted from tariff reductions in
al scenarios. Agricultural export subsidies are aso eiminated in al scenarios®

In total, four scenarios are conducted by employing different aggregation
methods based on the simple and trade weighted average, the TRI, and the MTRI.
It is necessary to aggregate the tariffs before and after the tariff cut accordant to the
measure under consideration.® Tariffs are calculated for each scenario as follows:
Both the initial base data and the reduced tariffs are aggregated from the HS6-digit
tariff line level to the modd level. In afirst step, the origina base datain the GTAP
model are replaced by the new base data. At this point, the GTAP data base contains
the new applied tariffs at the base level. In a second step, the tariff data including
all AVEs are cut at the HS6-digit tariff line level in the data base. Thereby, we
reduce the bound tariff rate. If the new bound tariff is smaller than the MFN tariff

Table 1. Agricultural Tariff Cuts of the G-20 Proposal Used in the Simulations

Developed Countries Developing Countries
Tariff rate (%) Tariff cut (%) Teriff rate (%) Tariff cut (%)
>75 75 >130 40
>50< 75 65 >80< 130 35
>20<50 55 >30<80 30
0<20 45 0<30 25
Cap: 100% Cap: 150%

Source: G-20 (2005).

"Country classification into developing, developed or industrialized countries is applied according to the
WTO classification. Thus economies in transition are not explicitly named.

8For the domestic support pillar, we follow the assessment of Brink (2006) and Blandford (2005) that
neither of the currently available proposals will highly constrain domestic support. Therefore, domestic
support is kept unchanged for al countries and regions in all scenarios.

9For this purpose a program is developed applying the Statistical Analysis Software (SAS).
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or the preferential tariff, the applied rate is reduced to the level of the new bound
rate. The reduced tariffs are aggregated with the help of the same aggregation
measure that is used for the generation of the base data. Finally, a shock is
implemented in the GTAP model according to the difference between the tariff rate
before and after the cut.

V. Results

In Section 2, it was shown that only afew partia equilibrium applications of the
TRI or MTRI exist. In the studies by Bureau and Salvatici (2004a and 2004b), and
Bureau et a. (2000), only the bound tariffs are analyzed, while Kee et al. (2005b)
concentrate on the applied tariffs and non tariff measures. Until now there has been
no study in which both bound and applied tariffs are considered for the calculation
of the TRIs or the MTRIs.

Anderson and Martin (2006) say that the difference between bound and applied
tariffsis of great importance, particularly for developing countries. In contrast, in the
high income economies, thereis only a dight difference between bound and applied
tariffs. However, dl studies explain this statement on the basis of average tariffs (eg.,
Walkenhorst and Dihel, 2003) or trade weighted tariffs (e.g., Bchir et al. 2006 and
Laird, 2002). In many cases, only the difference between bound and applied MFN
tariffsis studied, as for examplein Laird (2002). But the difference between bound
and applied tariffs exists due to two components. One is the binding overhang that
describes the difference between bound and MFN tariffs according to Francois and
Martin (2003). The other is due to the difference between MFN and preferential
tariffs (Anderson and Martin, 2006). What is the difference between bound and
applied tariffs for different regions of the world, if calculations are based onthe TRI
or the MTRI? This question is addressed in the following empirica part of this paper.
A clarification of this question is particularly interesting for WTO liberalization
scenarios, since only the reduction of applied tariffs can induce trade effects.’®

A. Tariff Computations

Tables 2a and 2b represent the aggregated tariffs for selected agricultural
commodities which are applied in the GTAP simulations. Regions and products are
chosen according to the GTAP aggregation that is used in this study. For illustration

©This is only when, the reduced applied tariffs are not prohibitive.



Methods to Aggregate Import Tariffs and their Impacts on Modeling Results 697

Table 2a. Aggregated Source Generic Tariffs by GTAP Sector and Region in %

Simpleaverage | Tradeweighted | MTRI TRI

Milk products

BT® AT G-20°| BT AT G-20] BT AT G-20] BT AT G-20
EU 27 604 371 207|362 266 161|366 268 162|453 323 203
USA 299 176 105|210 159 90 (266 175 105|294 203 119
Japan 136.7 722 327|755 469 211|728 471 21.3|1462 719 313
Oceania 97 10 110|123 11 11 136 10 110|182 13 13
rWTOIC? (1444 629 30.8|128.3 61.2 30.6 |164.1 80.8 39.3|199.8 106.5 48.8
Brazil 458 157 156|473 37 37 |466 47 47 [470 97 97
India 519 429 331|476 419 321|495 363 29.7|538 36.7 300
ACP 988 224 203|966 242 211|970 252 216|988 421 323
LDC 649 156 156|836 116 116|835 121 121 (1031 173 17.3
rWTODC® | 374 176 142|320 155 119|333 163 125|66.0 280 20.7
ROW' na 151 151 | na 219 219| na 227 227| na 293 293

Cereds

BT AT G20 BT AT G20 BT AT G20 BT AT G20
EU 27 427 103 78 |541 54 43 |507 49 38 |557 11.2 88
USA 15 10 06|23 01 00|25 01 01|27 05 03
Japan 765 46.3 21.7 |1535 87.3 429 (1643 899 44.6 2359 118.2 59.7
Oceania 04 00 00|01 OO 0OO0O| 04 OO 00|06 00 00
rWTOIC |86.9 434 212|572 327 139|731 342 145|120.9 68.7 287
Brazil 47 34 341|540 04 04 |537 04 041|538 15 15
India 840 64.0 428|664 620 428|824 348 239|847 492 336
ACP 633 171 171|704 203 203|702 214 214|751 286 28.6
LDC 711 96 96 |7/8 89 89 |7/7 89 89 (989 123 123
rWTODC |50.1 204 125|744 498 233|705 459 2171354 126.2 46.7
ROW na 56 56 |na 46 46 |na 50 50 |na 98 98

Beef

BT AT G-20| BT AT G20 BT AT G20 BT AT G20
EU 27 794 517 179|894 458 149|893 471 154|970 747 231
USA 40 15 14 |94 26 26|91 22 21|99 34 33
Japan 423 414 147|446 445 198|444 443 196|521 518 21.2
Oceania 21 02 02|04 00 00|04 00 00|23 03 03
rWTOIC |[161.3 66.9 327|760 257 159|987 447 2221775 874 38.8
Brazil 431 63 631|511 04 04 |500 06 06 |507 27 27
India 100.0 350 35.0(100.0 350 35.0(100.0 350 35.0(100.0 350 35.0
ACP 953 126 1251048 169 169 (1226 120 119 (130.0 194 194
LDC 60.0 16.2 162|501 130 130|502 130 130|602 161 161
rwWwToODC | 250 134 101|320 121 89 | 329 144 102|458 339 204
ROW na 130 130|na 131 131 | na 129 129| na 163 16.3

IBT = initial Bound Tariff, PAT = initiadl Applied Tariff, 9G-20 = tariff after the implementation of the
G-20 proposal, Ir'WTOIC = Rest of al Industrialized WTO member Countries, 9rWTODC = Rest of all

Developing WTO member Countries, "ROW = Rest of the World (non WTO members)

Source: Authors' calculations.
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Table 2b. Aggregated Source Generic Tariffs by GTAP Sector and Region in %
Simpleaverage | Tradeweighted | MTRI | TRI
Other Meat Products

BT®? AT° G-20° BT AT G-20] BT AT G20 BT AT G-20
EU 27 201 130 7.7 |297 230 116|286 223 111|356 284 136
USA 19 13 07|10 05 03|11 04 02|18 10 06
Japan 62.1 586 176|835 754 215|850 771 221|887 821 229
Oceania 88 21 21|39 07 07|29 06 05|53 16 16
rWTOICY 1449 581 249|412 218 101|573 278 1244|2343 62.7 240

Brazil 440 111 111|414 105 105|475 127 127|485 141 141

India 00 350 245| 0.0 350 245| 00 350 245| 00 350 245

ACP 768 144 142|712 108 107|613 90 88 |722 141 137

LDC 905 250 250|920 313 31.3|100.6 434 434 (1153 56.7 56.7

rWTODC® | 26.8 128 105|234 51 44 |246 86 69 |346 170 129

ROW' na 160 160| na 172 172| na 182 182| na 226 226
Sugar

BT AT G-20| BT AT G20 BT AT G-20| BT AT G-20
EU 27 1059 87.4 20.6|156.8 119.1 23.6 [162.6 123.0 22.7 |170.8 137.2 32.2
USA 410 225 119|501 278 153|517 26.7 159|559 327 182
Japan 246.6 229.7 63.8 |292.7 277.3 74.8 |298.9 2828 76.3 |305.3 293.3 77.8
Oceania 74 30 16|14 03 01|42 36 17|92 93 43
rWTOIC | 585 261 115|402 169 96 |431 114 63 | 757 254 123

Brazil 350 175 175|350 175 175|350 175 175|350 175 175
India 1250 430 43.0|138.1 532 532 [138.0 535 535|139.6 548 54.8
ACP 1006 37.0 32.8|103.0 140 131 (1046 49 46 |1046 169 154
LDC 870 204 204 (1127 192 192|938 222 222 |1106 278 27.8
rWTODC | 412 152 137|411 149 137|361 117 108|558 175 163
ROW na 153 153| na 128 128 | na 132 132| na 233 233

All Agricultural Products
BT AT G20 BT AT G-20| BT AT G-20| BT AT G-20
EU 27 195 120 62 | 261 143 64 | 273 158 65 |493 388 123
USA 67 40 24|62 31 20|72 32 20|141 84 49
Japan 318 248 89 | 469 357 129|582 439 14.2|163.3 1240 27.0
Oceania 60 19 17|57 15 13|54 14 12|86 27 23
rWTOIC | 519 209 105|373 151 80 (430 181 91 | 992 442 193

Brazil 351 112 110|430 36 361|419 43 431|438 78 77
India 938 375 33.0|201.4 720 69.1|191.4 70.7 66.9 2222 77.8 75.0
ACP 685 135 129|642 121 117|698 101 98 | 811 191 17.6
LDC 689 199 199|757 175 175|736 185 185|935 278 27.8
rWTODC | 269 134 107|346 184 111|334 176 110|723 609 24.0
ROW na 177 177| na 133 133| na 141 141| na 274 274

IBT = initial Bound Tariff, AT = initial Applied Tariff, 9G-20 = tariff after the implementation of the
G-20 proposal, Ir'WTOIC = Rest of al Industrialized WTO member Countries, ®rWTODC = Rest of all
Developing WTO member Countries, "JROW = Rest of the World (non WTO members)

Source: Authors' calculations.
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purposes, the three dimensional matrices of the GTAP data base are aggregated into
two dimensional arrays. Thus, the tables show only source-generic tariffs. The
simple average, the trade weighted average, the MTRI and the TRI are presented
for bound and applied tariff rates. The tariff cuts are implemented according to the
G-20 proposal as described in Section 3.3. Hence, the reduced source generic tariff
is named G-20. The final panel of Table 2b summarizes the results for the
agricultural sector as a whole.

Tables 2a and 2b reved that al aggregation methods lead to a large gap between
bound and applied tariff rates. Therefore, some economies with WTO developing
country status do not have to reduce their applied tariffs at all. For example, the
ACP countries are not forced to reduce their tariffs for cereals. Also, Brazil is
allowed to leave tariffs for beef, other meat and sugar unchanged, while India does
not have to change its import tariff policies in the sugar and beef sector. Anderson
and Martin (2006) explain that due to the ceiling binding option, developing
countries were allowed to implement the tariff bindings without reference to
former protection levels. As aresult, the bound tariffs in developing countries are
much higher than in developed countries. Another reason for the large difference
between bound and applied tariffsin our study is the consideration of bilateral
preferentia tariff rates in addition to the MFN tariff rates.

The aggregated tariffs from all four aggregation methods move in the same
direction. Expectedly, the correlation coefficient of Pearson and Bravais shows a
satitically significant correlation of 0.85 and higher.™* This result isin accordance
with Bureau and Salvatici (2004b) who also found a close relationship between
these tariffs when they calculated the trade weighted average tariff and the TRI for
the EU and the USA.

In contrast, the level of the aggregated tariffs differs substantialy across methods.
Depending on the country and product, the simple average tariff exceeds or is
below the other aggregation methods. While the results of the trade weighted tariff
and the MTRI are similar, the TRI is always higher than these two methods.

According to the underlying theory, the MTRI is always lower than the TRI.
This can be explained intuitively. If an initid tariff vector of non-aggregated tariffs
isreplaced by an aggregated tariff index, lower tariffs will increase and higher
tariffs will be reduced. Since the imports must remain constant in the MTRI

"The correlation coefficients were calculated for all aggregated tariffs in the GTAP data base. Thus, it is
not only based on the sample presented in Table 2a and 2b. All coefficients are statistically significant
at the 0.1% level.
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calculation, the welfare losses of atariff increase are less than the welfare gains of a
tariff reduction. Consequently, the welfare increases when the MTRI isimplemented.
A higher tariff is needed to maintain the welfare at its original level. For this reason
the TRI is dways higher than the MTRI (Anderson and Neary, 2005).1? This result
is reflected in the entries in Tables 2a and 2b.

Anderson and Neary (2005) show theoretically and empiricaly that the difference
between the TRI, the MTRI and the trade weighted tariff is influenced by the
variance of theinitial tariff structure. According to their regression analysis, the
percentage excess of TRI over the MTRI is positively and significantly related to
the coefficient of variation of the tariffs. Hence, if there is no variance in the initial
structure, and al tariff lines of a sector have identical tariffs, respectively, the same
tariff would be calculated by all aggregation methods. In India, for example, all
bound tariff linesin the beef sector are fixed at 100 per cent, and all applied tariffs
at 35 per cent. Consequently, al aggregation methods show the same aggregated
bound and applied tariff rates for this sector.

The import weighted tariff is, in general lower than the equival ence based
methods, because the trade weighed tariff assigns high weightsto tariffs for products
with relatively indlastic demand functions. The influence on the welfare and the trade
vaues is, however, higher, if the import demand function is relaively eadtic.

B. Welfare Effects Computed with GTAP

How is the outcome of the simulations influenced by different tariff aggregation
methods? Table 3 reveals the welfare effects of trade liberalization which follow
the implementation of the G-20 proposal. The welfare effects are discussed on the
basis of the equivalent variation in income expressed in million US $. The main
focus of the anadysis is on the EU-27.

The columns of Table 3 represent the welfare change as subtotals of market
access liberalization, and of the abolishment of export subsidies in different regions
of the world. Additionally, a differentiation is made between the impact of
agricultural tariff reduction and non-agricultura tariff reduction. The decompo-
sition of the results show how much of the welfare effect stems from liberalization
of the EU market and how much is due to the liberalization of third country (TC)
markets.®* The final row of each scenario indicates the sum over al welfare effects

2For formal proof of this statement see also Anderson and Neary, 2005, p. 66ff.

B\We denote all countries except the EU as third countries.
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Table 3. Welfare Effects of Trade Liberalization According to the G-20 Proposal (2001 US$
millions)

Tariff of agricultural products | Tariff of non Export subsidies

Scenario| FromTC FromEU From TC | agricultural | FromEU FromTCto| Tota

toEU?  toTC? toTCY | products | toTC? all regions?
i,r;%ee Mio. US$
EU-27 5759 1123 -556 2511 10268 -212 18893
Other IC 946 1844 9319 -1006 -1794 43 9351
DC 2281 960 931 19061 -6403 -154 16676
LDC -264 17 124 2630 -829 -10 1669
ROW 73 1 188 2818 -1487 -13 1579
World 22745 26015 -592 48168
Tr .
W:idgi ed Mio. US$
EU-27 8898 868 -39 1434 10335 -185 21310
Other IC 568 1574 8885 -3575 -1889 4 5569
DC 2344 678 25570 17953 -5206 -186 41153
LDC -366 26 506 3349 -799 -11 2705
ROW 13 -11 59 2781 -1526 -12 1305
World 49574 21942 526 72041
MTRI Mio. US$
EU-27 9002 977 -181 1712 10284 -190 21604
Other IC 691 1898 12507 -3198 -2041 -8 9849
DC 2297 800 23786 19900 -5476 -179 41128
LDC -378 30 486 3528 -827 -11 2828
ROW 19 -9 28 2735 -1532 -12 1227
World 51951 24676 7 76635
TRI Mio. US$
EU-27 10382 2046 762 6494 9761 -224 29220
Other IC 1190 3498 40536 -1405 -2575 -49 41197
DC 3264 2059 56408 120939 -6840 -223 175607
LDC -456 57 84 5441 -897 -12 5026
ROW 82 -7 210 3230 -1615 -15 1884
World 120925 134699 -2689 252934

3The effect of tariff liberalization of the EU on products coming from Third Countries (TCs)
The effect of tariff liberalization of TCs on products coming from the EU

9The effect of tariff liberalization of TCs on products coming from other TCs

9The effect of the abolishment of EU export subsidies

NThe effect of the abolishment of TCs export subsidies

Source: Authors' calculations.
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of each pillar.

Simple average tariffs result in an increase in the world’s welfare of $ 48.2
billion. Thereby, the EU-27 and other industrialized countries obtain 59 per cent of
the welfare gains, while developing countries and LDCs get 38 per cent of these
gains. The remaining 3 per cent are distributed to non WTO member countries
(ROW). These countries participate in the gains from trade liberalization through
the terms of trade effect.

Agricultural tariff reductions contribute with $ 22.7 billion and non agricultura
tariff reduction with $ 26 billion to the overall welfare gain. While most of the
gains from agricultural trade liberalization go to industrialized countries, 83 per
cent of the welfare gains from non agricultural trade liberalization can be gathered
by WTO developing countries and LDCs. This result is due to relatively high
import tariffs for manufactures in many developing countriesin the initial Situation.

The overal welfare effect of the export subsidy abolishment is small compared
to the gains induced by the reduction of import tariffs. But the decomposition
shows that there is a wide margin of results which offset one another and lead to a
small overall effect. In most economies, especially in developing countries, the
elimination of export subsidies leads to awelfare loss. The abolishment reduces the
supply of agricultural products on the world market. Consequently, the world
market prices rise and net food importing countries suffer from higher prices. The
EU-27 pays most of these subsidies and expectedly shows welfare gains of around
$ 10.3 billion due to the terms of trade and the allocation effect following the
abolishment of this trade distorting instrument. These results do not change
significantly in the other three scenarios.

The implementation of the trade weighted average tariff generates a larger
increase in welfare, totaling $ 72 billion for the world as awhole. In contrast to the
previous scenario, developing countries and LDCs receive 61 per cent of these
global welfare gains, while the industrialized countries only receive 37 per cent.
The ROW gets 2 per cent of the gains because of the terms of trade effect through
non agricultural trade liberalization.

The reduction of agricultural tariffs contributes with more than two thirds, or $
49.6 billion, to the overall welfare gain. Developing countries retain about $ 28.6
billion of these gains which come mainly from market access liberalization
between third countries ($ 25.6 billion). A more detailed examination shows that
most of the gains for developing countries are generated by liberalization of their
own agricultural markets. The difference between the simple average tariff and the
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trade weighted average scenario can be attributed to the welfare effects of
developing countries that arise from tariff reduction between third countries. The
data base shows that the trade weighted tariffs exceed the smple average tariff,
especially in the cereal and oil seed sector of WTO developing countries. Despite
the high tariffs, these products generate a high trade value. Here the smple average
tariff smooth out high tariffs for products with high trade value. Initially, this
appears to contradict the findings of Yu (2006), who concluded that the trade
weighted average tariff understates the effect of preference erosion for African
LDCs.* But our results are highly driven by the effects of trade liberaization between
developing countries. While preference erosion can be understated with the trade
weighted average tariff, this effect does not compensate the total welfare effects of
multilateral trade liberdization if the smple average tariff is applied to the complete
data base of the GTAP modd.

If the MTRI is used as tariff aggregation measure, the overall welfare gains
increase a bit more, to $ 76.6 billion. The distribution of welfare gains between
industrialized economies (41 per cent) and the group of developing countries
including LDCs (57 per cent) is smilar to the previous scenario.

The reduction of agricultural and non agricultural tariff distortions generates $
52 hillion and $ 24.7 billion, respectively, for the world as a whole. Half of the
wefare gains from tariff reduction are collected by developing countries.

Compared to the trade weighted average scenario, particularly the benefits of
trade liberalization increase in other industrialized economies. Developing countries
show a higher increase in welfare for non agricultural products than in the trade
weighted average scenario. However, the effect of agricultural tariff reduction
differs only dightly between both scenarios for al economies.

The TRI scenario predicts an overall welfare gain of $ 252.9 hillion which is
more than three times as high as in the trade weighted average and the M TRI scenario,
and more than five times as high as in the simple average scenario. Industrialized
countries receive 28 per cent of these gains, while developing economies and the
LDCs obtain 71 per cent.

The welfare gains for developing countries amount to $ 120.9 billion from non
agricultural market liberalization. In contrast, the terms of trade for other
industrialized countries worsen, so that the welfare effect of non agricultural

141t a tariff line is recorded for one African LDC (country A) but not for another (country B) he
transferred that line to country B because it might be an applicable rate for B, when B starts to export
that product.
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market liberalization becomes negative. However, other industrialized countries
obtain $ 45.2 billion through the reduction of agricultural import tariffs.
Accordingly, their overdl welfare gain adds up to $ 41.2 billion.

The welfare effect following the abolishment of export subsidiesis negativein
this scenario. The terms of trade effect is more evident due to the higher import
tariffsin theinitial situation, and welfare decreasesin al countries except the EU-
27.

The initia tariffs are much higher in the TRI scenario, as compared to the other
three scenarios. Thus, areduction of these high initia tariffs according to the G-20
proposal in the agricultural sector, and the proportional tariff cut in the non
agricultural sector, results in higher welfare effects. Most of the additional gains
can, however, be attributed to the reduction of the non agricultural tariffs because the
trade value of the manufacturing sector is much higher than that of the agricultura
sector.

In sum, the reduction based on the TRI expectedly resultsin higher welfare gains
for single country groups and the whole world than the reduction based on trade
weighted tariffs. How does this relate to the studies already available on trade
liberalization? Most of the more recent studies on trade liberalization show lower
welfare results than the earlier ones. The reasons are, for example, the improvement
of data bases through the inclusion of preferential tariffs which leads to a lower
initial protection level. Additionally, it has to be taken into account that some
liberalization has already occurred in the meantime. However, this study shows that
the welfare effects depend highly on the chosen tariff aggregation method. Most
recent studies use smple averages or trade weights for tariff aggregation and thus
might still underestimate the welfare changes of trade liberdization.

The analysis presented here shows how much, and in which direction, the
welfare effects of atrade modd can be influenced by different aggregation methods.
For future research it would be vauable to include some sensitivity analysis on the
import demand el asticities employed in aggregation. Another key practical issue
pertains to the treatment of missing data.

V. Conclusion

It iswell known from the literature that the tariff data base of a model can
significantly influence the results of liberalization studies. An essentia prerequisite
for the applied policy analysisis thus a consistent and transparent tariff data base.
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The MAcMap data base presents a very important development in this context. It
connects the data bases AMAD, TRAINS, WTO and COMTRADE with each
other and with information from national sources. It also includes bound and
applied tariffs with consistent conversion of the specific tariffsin AVES up to the
HSG-digit tariff line level.

The results of aliberalization study could, however, also be influenced through
the aggregation of the tariff datato a model compatible level. Different methods
are available for the aggregation of import tariffs. Usualy the smple and the trade
weighted average tariff are implemented. The advantage of these two methodsis
the comparably low data requirements. However, these methods are not based on
economic theory. Anderson and Neary (1994, 2003), in contrast, devel oped two
theoretically sound aggregation methods. These are the TRI (Trade Restrictiveness
Index), allowing for awelfare equivalent aggregation of the tariffs, and the MTRI
(Mercantilist Trade Restrictiveness Index), with the help of which the tariffs can be
aggregated to an import equivalent tariff. These indices place high requirements on
the data used for this purpose, which can in many cases not be fulfilled. If simpli-
fying assumptions are made, it is, however, possible to calculate these indices with
the already existing data for the whole import tariff data base of a trade modd.

In this paper we built smple and trade weighted average tariffs as well as TRIs
and MTRIs from the HS6-digit tariff line level to the level of the GTAP moddl. The
results show a high difference between bound and applied tariff rates for all
aggregation methods. The gap between both tariffs arises for developed, and to a
greater extent, for developing countries. Therefore, if the G-20 proposal of the
WTO negotiations is applied, some countries do not have to reduce their applied
tariffs in some sectors at al.

Analysis of the aggregated bound and applied tariff rates reveals a significant
correlation between all aggregation methods. The level of the tariff aggregates can
still be very different though. While the simple average shows the lowest tariff
aggregates, especially for developing countries, the trade weighted average tariff
and the MTRI are very similar and the TRI results in the highest tariffs.

The welfare results of the simulations with the GTAP model mirror these
findings. The ssimple average tariff results in the lowest welfare gains from trade
liberalization. Additionaly, it can be shown that the trade weighted average tariff is
a good approximation of the theoretically sound MTRI. The welfare effect of the
TRI scenario, in contrast, exceeds these results by more than three times. Also, the
share of welfare effects changes due to agricultural or manufacturing trade
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liberalization. In the simple average scenario, the welfare effect of the tariff
reduction in the manufacturing sector slightly exceeds the welfare effects of the
agricultural trade liberdization. Approximately two thirds of the welfare gains arise
from agricultural trade liberalization if the trade weighted tariff or the MTRI is
applied. In contrast, manufacturing trade liberalization becomes most important if
the TRI is applied. However, this analysis shows that welfare results are highly
dependent on the chosen aggregation method. If the TRI is assumed to be the most
appropriate aggregation measure, welfare effects are likely to be dramatically
underestimated with trade weighted tariffs.
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