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Abstract

The conventional use of import-weighted averages in tariff aggregation has little

theoretical basis and wastes valuable information typically available in the detailed

structure of protection. We build on the Anderson–Neary Trade Restrictiveness Index

(TRI) and define ways in which a detailed set of tariffs may be aggregated consistently to

provide measures of the impact of tariffs at the sectoral level. Under the assumptions

needed for aggregation, we provide distinct aggregators for expenditure, input costs, tariff

revenues, and the overall restrictiveness of tariffs in particular commodity groups. We

illustrate the nature of the differences between the measures and show how they may be

used in applied general equilibrium models to avoid wasting the valuable information

available below the high level of aggregation necessarily used in such models. D 2001
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1. Introduction

While economists are near unanimous in their support for tariffs and nontariff

barriers that are relatively uniform in their protective effect, country trade

policies have a strong tendency towards Byzantine complexity. Tariff schedules

involving over 10,000 tariff lines are not uncommon, and protection rates

frequently differ considerably between very similar products. Meaningful evalu-

ation of trade policy reforms frequently requires approaches that take into

account the impacts of changes occurring in very large numbers of finely

differentiated trade distortions.

Clearly, summary measures are required to interpret the effects of changes in a

large number of tariff lines on welfare, industry output, and other variables of

interest. A conventional approach is to calculate the effects on simple summary

statistics like the average tariff rate, perhaps supplemented by measures such as

the dispersion of the tariff (Thomas, Nash, et al., 1991). Even sophisticated,

model-based analyses of trade liberalization, such as Harrison, Rutherford, and

Tarr (1997), tend to be based on extremely simple aggregates such as trade-

weighted average tariffs for broad commodity groups. Given that quite detailed

information on protection measures and trade is typically available, it seems

desirable to make the best possible use of it.

The simplest aggregator for the protective effect of tariffs is the simple average

tariff rate. It is clearly flawed in not taking into account the relative importance of

particular tariffs in forming the average. Perhaps the most common approach is

the weighted average rate of protection using the value of imports at border prices

as weights. If we are concerned about the welfare costs of a tariff regime, this

approach is clearly wrong for large changes. The weight applied to any individual

tariff falls as the tariff increases, even though we know that the welfare cost of a

tariff increases more than proportionately with the rate. This weakness is

particularly obvious for a prohibitive tariff, which is assigned a zero weight

even though its welfare cost is at a maximum.

Practical solutions to the problem have been sought by a number of authors. A

common approach involves including measures of variability alongside those of

the weighted average. In most cases, there is no obvious way to incorporate these

two moments into a single measure of the restrictiveness of the trade regime.2

A major advance in aggregating protection measures into useful aggregates

was the Trade Restrictiveness Index (TRI). It can be used to estimate, for any

small country, the uniform tariff that would be equivalent, in terms of welfare, to

any pattern of distortions (Anderson & Neary, 1994). Changes in the TRI can be

used to track the welfare costs of changes in a large number of distortions, just as

2 In the related case of intertemporal variability in rates of protection, Francois and Martin (1995)

incorporate the mean and the variance of protection into a single measure of the expected cost of

protection.
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changes in the ideal consumer price index can be used to track changes in the

welfare consequences of changes in many consumer prices. Using a simple

numerical general equilibrium model, it can be shown that average tariffs

generally underestimate the level of protection as described by the ‘‘uniform

tariff equivalent.’’ The degree of underestimation is positively correlated with the

dispersion of the tariff structure (Anderson & Neary, 1994). Even more disturb-

ing, it appears that the results obtained when using ordinary summary measures

of trade restrictiveness to assess the consequences of policy reform are frequently

wrong in sign (Anderson, 1993).

Like any index, the standard TRI is optimal only for a specific purpose—in

this case, aggregating the welfare consequences of all trade barriers in a small

open economy. If we are interested in other variables, such as volumes or values

of imports and exports, different indexes will be required. If we wish to focus

only on protection measures within a particular sector, then changes in the overall

TRI may not give a reliable indicator of changes in assistance within the sector.

As noted by Anderson and Neary (1992), for a large country, the full welfare

consequences of trade reform will, in turn, depend upon the induced changes in

imports and exports and their consequences for the country’s terms of trade.

In this paper, we build on the insights of the TRI approach to suggest a series of

indicators for use in policy analysis. First, we define a simple indicator of trade

restrictiveness that can be applied for particular commodity aggregates. Secondly,

we develop a modeling strategy and a set of indexes that can be used, without loss

of information, in computable general equilibrium models that are necessarily

more aggregated than the available tariff and trade data.

2. Methodology

A general representation of any competitive economy is provided by Eqs. (1)

and (2):

the income� expenditure condition:

eð p; uÞ � rð p; vÞ � ð ep � rpÞ0ð p� pwÞ � f ¼ 0 ð1Þ

and the vector of behavioral equations:

epð p; uÞ � rpð p; vÞ ¼ m: ð2Þ

In the income–expenditure condition, e is the expenditure required to achieve

consumer utility level u at domestic price vector p, r is the restricted profit

function at domestic prices p for inputs and outputs attainable with the given

resource vector v, ep� rp is the vector of net imports /exports at world prices pw

and domestic prices p, so that (ep� rp ) (p� pw) represents net revenue from

tariffs and export taxes/subsidies, and f is the net financial inflow from abroad. In
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the behavioral equations, m is a vector of net imports, including nontraded goods

(for which m� 0) and supplied and demanded factors.

The balance-of-trade function (Anderson & Neary, 1996) can be derived from

Eq. (1) by reclassifying the level of utility as exogenous and introducing a new

variable, B, to measure the hypothetical financial inflow required to maintain a

specified level of utility, u0, in the face of an exogenous shock.

Bð p; u0 Þ ¼ e ð p; u0 Þ � r ð p; vÞ � ðe p � rpÞð p� pw Þ � f ð3Þ

The balance-of-trade function gives us the transfer required to maintain the

same level of utility given a change in prices and is therefore a convenient

measure of the compensation required to maintain national welfare at any

specified level. Its use can be seen as a generalization of the use of the

expenditure function to evaluate the impact on consumer welfare of price

changes, which is the conceptual basis for the widely used consumer price index.

To best capture the impact of trade barriers on welfare, it is desirable that we

work at the highest level of disaggregation that is consistent with the production

technology and consumer preferences, the information available, and the com-

putational constraints under which we operate. We typically have information on

tariffs and (hopefully) trade at a very fine level of disaggregation. However, it is

rare to have information on gross and net production patterns at anything

approaching the same degree of disaggregation. Thus, if we want to construct

models of our economy or need summary statistics for policy evaluation, we are

forced to aggregate.

Economic theory provides guidelines for the construction of consistent

aggregates. Deaton and Muellbauer (1980, pp. 122–130) show that weak

separability allows the decomposition of the consumer’s problem into the

maximization of subutility functions over elements of each commodity group

and maximization of total utility over the subutility functions. To be able to

specify behavior at the higher level in terms of composite prices and quantities

derived from the lower level optimization requires stronger restrictions, such as

homotheticity of preferences at the lower level. Chambers (1988) and Lloyd

(1994) discuss a range of conditions that allow aggregation of the production

technology. On the production side, the parallel conditions are that the production

function be weakly separable and each of the subaggregator functions be

homothetic (Chambers, 1988).

In the remainder of the theoretical discussion, we will assume that the conditions

needed for the formation of subaggregate price and quantity indexes have been

satisfied and focus on the construction and use of these indexes.We first discuss the

balance-of-trade function and its potential application to commodity groups and

then define and apply tariff aggregators for each of the components of Eq. (3).

Then, in Section 3, we consider applications—firstly, an illustrative numerical
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example, and then the issues involved in applying the procedure in real-world

computable general equilibrium models. Conclusions are given in Section 4.

2.1. The balance-of-trade function

Anderson and Neary’s (1994) TRI uses an equation like Eq. (3) to define a

uniform tariff equal in its welfare impacts to the observed tariff regime. Formally,

the TRI for a tariff change that changes domestic prices from p0 to p1 is defined

as the uniform scaling factor by which Period 1 prices must be deflated to

maintain the utility of the representative consumer at a given level, such as u0.

D ¼ ½D : B ð p1=D; u 0 Þ ¼ B ð p0; u 0 Þ� ð4Þ

The TRI can be used to calculate the uniform price reduction that would be

welfare equivalent to a move from an initial, distorted equilibrium to free trade.

This yields a value, Df, which can be transformed into the uniform tariff, tB,

which would be welfare-equivalent to the initial vector of tariffs.

t B ¼ 1=Df � 1

Inserted in Eq. (4), this yields an expression for the welfare-equivalent

uniform tariff rate (Eq. (5)):

t B ¼ ½t B : Bð pd; pwð1þ t BÞ; u 0Þ ¼ Bðpd; p; u 0Þ� ð5Þ

where the price vector is partitioned into a vector of prices on domestic exportable

goods pd, a vector of world prices pw, and of domestic prices p for importables

given the disaggregated set of tariff rates. To be consistent, the TRI must be derived

from the disaggregated set of tariffs in a fully general equilibrium model with

specified consumption and production structures (Anderson, 1993). With typically

from 5 to 6000 tariff lines plus bilateral trade flows, this necessarily implies a

highly simplified model structure and even then may be difficult to implement.

In many cases, there will be considerable interest not only in the cost of

protection but also in the behavior of outputs and demands for particular groups

of commodities. Assuming the conditions for two-stage analysis have been

satisfied, each group of import goods might be associated with a single composite

domestic good that can be treated as the numeraire for that particular composite.3

This allows us to define aggregator functions for the commodity groups.

B B

B B

3 As both the expenditure function and the tariff revenue will be homogenous of degree 1 in a

uniform tariff equivalent, this problem can only be solved with a domestic good as numeraire, which

implies setting expenditure equal to total expenditure on both imported commodities and the domestic

good. The price of the domestic good is treated as exogenous in the formation of the commodity

aggregates, although domestic goods’ prices may be endogenous at the higher level.
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With the domestic good differentiated along Armington (1969) lines from all

of the imported goods and output and exports of the domestic good determined

at the aggregate level, the output supply level, rp, and the revenue from

production are constants and hence can be omitted from the balance-of-trade

function. This allows us to define a simplified balance-of-trade function, Bj, for

each commodity group as the difference between total domestic expenditure and

tariff revenue.

Bjð pj; ujÞ ¼ ejð pdj ; pj; u0j Þ � ð pj � pwj Þep j

¼ ejð pdj ; pj; u 0
j Þ � t rjðpj; pwj ; u 0

j Þ ð6Þ

where pj
d is the price of the single domestic good and pj is the vector of

domestic prices for importable with the corresponding world price vector pj
w

(Eq. (6)).

This leads us to a summary indicator of trade restrictiveness for group j

given by

t B
j ¼ t B

j j Bj pdj ; p
w
j ; 1þ t B

j

� �
; u 0

j

� �
¼ Bj pdj ; pj; u

0
j

� �h i
: ð7Þ

This summary indicator of trade restrictiveness within a particular commodity

group may be useful when considering sectoral liberalization policies. However,

it does not give us an aggregator suitable for use in general equilibrium models.

Clearly, this subaggregator is not the appropriate aggregator for the expenditure

functions used to define expenditure on each commodity aggregate—the expend-

iture function is concave in tariff rates, while the balance of payments function

underlying the TRI is convex in tariff rates. In finding a way around this problem,

we found it useful to consider each of the components of Eq. (3) separately.

2.2. The expenditure function

The expenditure function for commodity group j may be defined as (Eq. (8)):

ejðpj; u 0
j Þ ¼ ejð pdj ; pj; u 0

j Þ: ð8Þ

If we consider the impact of tariffs on the cost to consumers of achieving a

particular level of utility, the tariff aggregator for expenditure can then be defined

as a uniform tariff that requires the same level of expenditure as the observed

vector of tariffs,

t e
j ¼ ½t e

j j ejðpdj ; pwj ð1þ t e
j Þ; u 0

j Þ ¼ ejð pdj ; pj; u 0
j Þ�: ð9Þ

Bj

Bj Bj
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Assuming the conditions for two-stage budgeting have been satisfied, changes in

this aggregate tariff rate can be used to evaluate impacts on the demand for

commodity j.

2.3. The profit function

If an aggregator over produced goods and intermediated inputs is required, the

basis for aggregation is the restricted profit function (Dixit & Norman, 1980). For

the case of a single domestic output and many imported inputs, the tariff

aggregator for commodity group j is given by:

t r
j ¼ ½t r

j j rj ð pdj ; pwj ð1þ t r
jÞ; v0j Þ ¼ rjð pdj ; pj; v 0

j Þ� ð10Þ

where pj
d is the price of the composite domestic good, pj

w is the vector of world

prices of imported intermediates, pj is the domestic prices of these inputs, and vj
0

is an indicator of the available quasi-fixed resources (Eq. (10)).

Assuming the conditions for two-stage aggregation are satisfied, this aggre-

gator may be used to assess the implications of changes in an aggregate tariff on

the composite quantity of imports of intermediate goods of type j.

2.4. Tariff revenue

Finally, for the last part of Eq. (3), the tariff revenue, we can proceed

equivalently. Assuming the assumptions for two-stage budgeting have been

satisfied, the tariff revenue aggregator for good j may be defined as:

t t r
j ¼ ½t t r

j j t rjð pwj ð1þ t t r
j Þ; pwj ; u 0

j ; v
0
j Þ ¼ t rjð pj; pwj ; u0j ; v 0

j Þ�: ð11Þ

2.5. The behavior of the different aggregators

The differences between the conventional fixed-weight indicator, the tariff

revenue aggregator, and the aggregators for final expenditure or the costs of

intermediate inputs are readily illustrated in the case of a single, specific tariff in

an otherwise undistorted economy. Starting from a zero tariff level, a small

increase in the price of the imported good has an equal impact on required

expenditures measured using the Leontief expenditure function underlying the

conventional fixed-weight aggregator, an expenditure function reflecting price-

responsive behavior, and a tariff revenue aggregator. With a fixed-weight

aggregator, the marginal impact of a change in the tariff rate stays the same as

the tariff rate increases. Its slope is given everywhere by the slope of the dashed

line through the initial point A in Fig. 1.

C.F. Bach, W. Martin / Journal of Policy Modeling 23 (2001) 621–635 627



With an expenditure (or input cost) aggregator, the slope at point A is the same

as in the case of fixed weights. The derivative of the expenditure function with

respect to price i is, by duality, equal to the quantity demanded, which is the same

at point A whichever aggregator is used. However, as the tariff on this good is

raised and the price of the good goes higher, the impact on expenditure

progressively becomes smaller, simply because the quantity of the good

demanded declines. The expenditure function plotted against the tariff in Fig. 1

illustrates these features. At point A, it is tangent to the straight line whose slope

is given by the base quantity of the good. However, its slope diminishes as the

tariff rises above a zero level because the expenditure function is concave in the

prices of its component goods.

The tariff revenue aggregator is tangent to the fixed weight and expenditure

function aggregators at point A in Fig. 1. Starting from a zero tariff, the first

incremental tariff increases will reduce demand but cause no revenue loss. The

impact of subsequent tariff increases on tariff revenues diminishes more rapidly

than the impacts on (compensated) expenditures because the quantity reductions

associated with subsequent tariff increases are associated with increasingly large

marginal reductions in tariff revenues.4 Thus, the tariff revenue curve is more

strongly concave than the expenditure function in Fig. 1.

Fig. 1 also highlights the source of the convexity of the balance-of-trade

function. In simple cases such as the one considered above, this function is

Fig. 1. Impacts of tariff increases on consumer expenditure and on tariff revenues.

4 With expenditure function e= e(p,u), the impact of an increase in the tariff on expenditure is

given by the first derivative of e wrt the price of good i, ei. In this single-distortion case, tariff revenues

are given by ei(pi� pi
w) and the marginal impact of an increase in pi by ei+ eii(pi� pi

w).
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simply the expenditure function minus the tariff revenue function. The more

pronounced concavity of the tariff revenue function overcomes the concavity of

the expenditure function to create an overall balance-of-trade function that is

convex in tariff rates.

3. Applications

3.1. A numerical example

Having established that we can use different aggregators for different parts of

Eq. (3) and explored the behavior of the different indexes, we illustrate the

properties of the aggregation approach using a simple numerical example of a

tariff reform involving a sharp reduction in both the mean and the variance of the

tariffs on six items.5

For this numerical example, we chose the constant elasticity of substitution

(CES) function (Arrow, Chenery, Minhas, & Solow, 1961) widely used in

computable general equilibrium models. Our expenditure function for commodity

group j then becomes (Eq. (12)):

ejðpdj ; pj; u0j Þ ¼ bdj p
d
j þ

X
i

bijp
1�s
ij

 ! 1
1�s

u0j : ð12Þ

With the initial domestic prices of all goods normalized at unity, the parameter

b is equal to the initial values of the expenditure shares (domestic and import) in

the base data and is held constant.

The expression for our modified balance-of-trade function defined for each

commodity group is then (Eq. (13)):

Bj ¼ bdj p
d
j þ

X
i

bijð pijÞ1�s

 ! 1
1�s

u0j �
X
i

bij
pj

pij

� 	s

ð pij � pwij Þu0j ; ð13Þ

with the price index:

pj ¼ bdj p
d
j þ

X
i

bijð pijÞ1�s

 ! 1
1�s

:

With all domestic prices equal to 1 and ui equal to the total expenditure

(domestic and imports) in the group, the initial value of the modified balance-of-

Bj

5 For a large-scale example using a popular general equilibrium model, see Bach, Martin, and

Stevens (1996).
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trade function for each commodity group with the disaggregated set of tariff

rates becomes

B0
j ¼ u0j �

X
i

bijð pij � pwij Þu0j ;

which is simply total expenditure less tariff revenue.

The proposed version of the TRI, tj
B, for each commodity group is obtained

from Eq. (7) by setting the value of the balance-of-trade function with a uniform

tariff equivalent equal to the value with the disaggregated tariff set, Bj
0:

bdj þ
X
i

bij pwij ð1þ tbj Þ
� �1�s

 ! 1
1�s

u0j �
X
i

bij
pj

pwij ð1þ tBj Þ

 !s

pwij t
B
j

 !
u0j

¼ B0
j ;

with the price index:

pj ¼ bdj þ
X
i

bij pwij ð1þ tB
j Þ

� �1�s
 ! 1

1�s

:

The uniform tariff equivalent in the expenditure and tariff revenue cases are

found quite equivalently by setting the value of the function with a uniform tariff

level equal to the value with the disaggregated tariff set (see Eqs. (9) and (11)).

With all domestic prices equal to 1 in the base equilibrium, the uniform tariff

equivalent in the expenditure case has the closed-form solution (Eq. (14)),

tej ¼
1� bdjP

i

bijð pwji Þ
1�s

0
B@

1
CA

1
1�s

�1: ð14Þ

The base data for the numerical example consist of six tariff lines with a highly

dispersed initial tariff structure, expenditure on the domestic good equal to 2000,

total expenditure on imports at domestic prices of 1230, and tariff revenue equal

to 630 in the initial equilibrium (Table 1).

From the initial equilibrium, we can calibrate the CES expenditure function,

derive the expenditure and tariff revenue, at constant utility, after the tariff reform,

and compare them with the expenditure and tariff revenue using the Leontief

functional form underlying a conventional trade-weighted average. The results of

these calculations are presented in Table 2.

There are two main points to notice. The first is that use of the CES aggregator

results in lower estimated expenditure on imports at domestic prices (629

compared with 720) than is the case with constant weights. This is because the
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expenditure function captures the substitution by consumers towards the com-

modities whose prices fall the most—the substitution that underlies the concavity

of the expenditure function in prices. Similarly, tariff revenues (133 compared

with 120) are higher than would be predicted by the conventional constant

import-weighted index because consumption increases most for the goods whose

prices decrease the most. In sum, allowing for substitution within our disag-

gregated tariff set gives an additional welfare gain (less expenditure and more

tariff revenue) compared with the constant weights. This gain is reflected in the

modified balance-of-trade function after trade reform (496 instead of 600 with

constant weights). Also, it is reflected in the modified TRI, tj
B, equal to 1.78 in

the initial equilibrium and 0.29 after tariff reform, compared with 1.05 and 0.2 for

the conventional import-weighted average.

Table 2

Aggregated tariffs—different procedures

Before After

Expenditure on imports, domestic prices

Leontief expenditure function 1230 720

CES expenditure functiona 1230 629

Expenditure on imports, world prices

Leontief expenditure function 600 600

CES expenditure functiona 600 496

Tariff revenue

Leontief expenditure function 630 120

CES expenditure functiona 630 133

Uniform tariff equivalents

Conventional 1.050 0.200

Expenditurea 1.490 0.273

Tariff revenuea 0.963 0.269

Simple version of TRI 1.780 0.289

a Elasticity of substitution = 2.

Table 1

Dataset for numerical example

Tariffs (%) Importsa

Good Before After Before

1 10 10 100

2 10 10 100

3 10 10 100

4 200 30 100

5 200 30 100

6 200 30 100

a At world prices.
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The gain occurs due to the reduction in the dispersion present in the initial

tariffs and would not be present if there had been a uniform initial tariff rate and a

uniform cut. In this case, relative prices would remain constant and the constant

weights and any functional form would yield the same result. Thus, the additional

welfare gain reflects the reduction in the variability within the tariff set.

The second point to notice from Table 2 is that, if we use simple import-

weighted averages, with the same set of weights for the original and the new

tariffs, one single price aggregator can enter both the expenditure part and the

tariff revenue part of our model. If we use a functional form allowing for

substitution, this will not be the case. Keeping expenditure at world prices

constant (equal to 600), a uniform tariff equivalent for the expenditure part of our

model will not yield the right change in tariff revenue (629� 600 = 29 instead of

133). At the same time, the uniform tariff equivalent that gives the right tariff

revenue after the tariff cut will not, at constant world prices, yield the right

domestic (600 + 133 = 733 instead of 629). Thus, if we wish to reflect the changes

in domestic expenditure and tariff revenue with the help of shocks to a price

variable, it is necessary to apply different shocks to the expenditure and the tariff

revenue parts of our model (see Bach et al., 1996).

3.2. Using the aggregators in large-scale models

The previous sections of the paper have defined aggregators that can be used

for the different parts of the economy characterized by Eq. (3). Uniform tariff

equivalents for each of the three components of Eq. (3), which are for the

expenditure function, the revenue function, and the tariff revenue function, can be

used to hold the overall balance-of-trade constant in the initial equilibrium and to

trace through the consequences of reforms. In a single-country model, a single

tariff aggregator (a TRI) or set of tariff aggregators defined using balance-of-trade

function(s) may also be used in the expenditure, profit, and tariff revenue

components of the overall balance-of-trade function.

It is important to note that the balance-of-trade function can be used in two

different ways to obtain a money measure of welfare changes. In one approach,

the utility level is held constant throughout the function and the tariff changes are

implemented, causing the function to read off the amount of compensation from

the rest of the world needed to hold utility at its chosen level. In another

approach, the change in utility ground out by the model as a consequence of the

change in tariffs is first observed, and the balance-of-trade function, with fixed

prices, is used to estimate the amount of additional income that would be

equivalent to this change in utility. Anderson and Martin (1996) term the first

approach the compensation approach and the second the money metric approach.

The two approaches are identical in the consumer expenditure case in the absence

of distortions, but Anderson and Martin show they may be quite different in the

presence of distortions. Although both are valid measures of welfare change,
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Anderson and Martin argue strongly for the compensation approach because it

allows comparison with measures of the benefits of public goods.

In the small-country case, it is possible to use either the compensation

approach or the money metric approach to capture the welfare implications of

tariff changes. Either approach may be implemented using either the balance-of-

trade function aggregators throughout or the appropriate aggregators in each part

of the model. If there is interest in the impacts of reform on volumes of trade,

then it becomes important to use the individual aggregators for each component

of the model because the trade restrictiveness aggregators are not designed to

aggregate quantities.

In the large-country case, it becomes important to use the appropriate

aggregator in each component of the behavioral model. This is because, in the

large-country case, the prices received for exports and imports depend on

quantities imported and exported, and these quantity changes can only be

adequately captured using the appropriate aggregators. Once these component

aggregators have been applied throughout the model, the overall impact on

welfare may be calculated using either the money metric or compensation

approaches. Assuming the compensation approach is used, the resulting bal-

ance-of-trade function used for the welfare evaluation is the following (Eq. (15)):

B ¼ eðte; pw; uÞ � rðtr; pw; vÞ � trðttr; pw; u; vÞ: ð15Þ

Once we move to a fully global model, however, we encounter a difficulty.

Clearly, for the reasons outlined in the large-country case, we should use the

appropriate aggregators in the expenditure and revenue functions and their

derivatives. However, if this is done in the tariff revenue part of the model, it

brings us into violation of Walras’ law at the global level. The welfare gains being

derived from tariff reforms accrue as tariff revenue gains, and hence expenditure

gains, which are unmatched by changes in production, and financial inflows

cannot be used as the balancing item the way they can be in single-country models.

We see no ideal solution to this problem. One potential approach in applied

work is to develop a global model that uses the expenditure and revenue

function aggregators throughout an aggregate model (see Rutherford for an

example of this approach). Clearly, this will not allow the model to replicate the

initial value of tariff revenues, and some data-balancing procedure may be

needed to obtain a balanced initial dataset. From such an initial dataset, the

resulting global model will satisfy Walras’ law and be able to solve for changes

in prices and quantities and an estimate of the impact on welfare. The resulting

balance-of-trade function is

B ¼ eðte; pw; uÞ � rðtr; pw; vÞ � trðte; tr; pw; u; vÞ; ð16Þ

which clearly misspecifies the tariff revenue impacts of trade policy changes

on welfare.
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One approach to dealing with this problem is to adjust Eq. (16) to correct for

the error in its evaluation of the tariff revenue impacts, yielding Eq. (17):

B ¼ eðte; pw; uÞ � rðtr; pw; vÞ � trðte; tr; pw; u; vÞ

� ðt rðtt; pw; u; vÞ þ t rðte; tr; pw; u; vÞÞ: ð17Þ

As long as this adjustment is done in a separate welfare evaluation exercise

that is causally posterior to the solution of the global model, it will not violate

Walras’ law in the model solution. It will, however, allow the welfare impact

obtained from the aggregated global model to be adjusted to take into account the

information available in the original, disaggregated information on tariff barriers.

4. Conclusions

The purpose of this paper is to discuss and evaluate the use of different

aggregators for tariff aggregation. A simple message is that the choice of

aggregator when evaluating tariff changes should depend on the purpose for

which it is to be used. For the behavioral responses of an economy, the

conventional trade-weighted averages are the proper aggregators for representing

small changes in trade barriers if we do not know the exact functional forms. If

we do, exact indexes based on the underlying expenditure or revenue functions

allow the consequences of large tariff changes to be more accurately captured.

If the analysis is to reflect the welfare effects of a given tariff level or of tariff

reforms, then the aggregation should be based on the balance-of-trade function

rather than the expenditure or revenue functions from which the behavioral

equations are derived. A modified version of the TRI is developed as a summary

indicator of the welfare costs of protection within particular commodity groups. It

is easy to implement and demands only information on tariffs, import values, and

total expenditure on each commodity. It reflects both the level and the variability

of the disaggregated tariff information and provides a useful summary of the

structure of protection in a particular sector.

When analyzing trade reforms using CGE models, appropriate aggregators

should be used to represent the impacts of expenditure, revenue, and tariff revenue

functions. In single-country models, this modification requires little adjustment

other than to the specification of the tariff revenue equations in the income–

expenditure conditions. In global models, some adjustments are needed to avoid

violation ofWalras’ law, and we suggest an approach for dealing with this problem.
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