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ABSTRACT: Estimating general equilibrium price feed-
backs is notoriously difficult. This has deterred most
researchers from econometrically estimating the welfare
gains from trade liberalization. Using a CES monopolistic
competition example, we show that this difficulty has been
greatly exaggerated.

The paper achieves three goals. First, we provide dynam-
ically consistent, general equilibrium estimates of elasticit-
ies of substitution. Second, with the help of these elast-
icities we estimate a compensating variation measure of
both the static and dynamic gains from trade liberalization.
Uniquely, these estimates are accompanied by standard er-
rors. We estimate that the compensating variation asso-
ciated with worldwide tariff elimination is between 2.0%
(s.e. = 0.05%) and 5.2% (s.e. = 0.61%) of world income,
depending on the weight given to dynamic mechanisms.
Third, and in contrast to calibration methods, we employ a
barrage of specification tests to examine the extent to which
the model does violence to the data.
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In the mid 1970s, as negotiations for the Tokyo Round of tariff reductions gathered

momentum, a spate of papers appeared offering assessments of the potential effects of

such an agreement. Weaknesses in the prevailing input-output methodology led Robert

Stern to solicit new approaches from two promising junior faculty members. The first pro-

posed a sound econometric strategy, but arrived at results that could generously be called

‘mixed.’ The second proposed a linearized computable general equilibrium model that

yielded remarkably plausible results. The junior faculty in this story are Ed Leamer and

Alan Deardorff. (See Leamer, Stern and Baum 1977 and Deardorff, Stern and Baum 1977.)

We relate this story because it marks a watershed. Deardorff’s Michigan Model foretold

the ascendancy of computable general equilibrium (CGE) modelling over econometrics in

discussions of international trade policy.

Bucking this development, our paper reinstates a larger role for econometrics by over-

coming three barriers to estimating the welfare gains from trade liberalization. We do

so in the context of the CES monopolistic competition model (Helpman and Krugman,

1985). First, we use the GMM methods of Hanson (1982) and Arellano and Bond (1991)

to provide dynamically consistent, general equilibrium estimates of elasticities of substi-

tution. Second, with the help of these elasticities we estimate a compensating variation

measure of both the static and dynamic gains from trade liberalization. Third, we use a

variety of specification tests to examine whether the CES monopolistic competition model

is mis-specified. Each of these three goals is now described in detail.

Our first goal is to estimate static and dynamic elasticities of substitution. We estimate

these as parameters of the bilateral trade prediction of the CES monopolistic competition

model (Harrigan 1993; 1996). Most of the related econometric literature has focussed

on the prediction’s gravity-style income terms rather than the prediction’s complex price

term. The price term – which is a function of elasticities of substitution – captures most

of the key behavioural and general equilibrium responses to falling trade costs that are

implied by the theory. Unfortunately, this price term is so complex that it has never been

fully estimated. For example, Harrigan (1993), Anderson and Marcouiller (2002), and
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Haveman, Reichert and Thursby (2003) each estimated only parts of the price term. In

particular, they did not impose many of the theoretical restrictions implied by the theory.1

We estimate the full price term using both static and dynamic models. The dynamic

model allows for the endogeneity of marginal costs, tariffs, and output. We find that

the dynamic or long-run estimates of the elasticity of substitution (≈ 8) are larger than

the static or short-run estimates (≈ 5). This sensibly implies that short-run mark-ups

are twice as large as long-run mark-ups. These estimates will be particularly relevant to

CGE modelers because the estimates spring from the type of model and sample variation

relevant for CGE modelers. Our estimates of between 5 and 8 are lower than those

typically (but not always) used in the literature. For example, Brown and Stern (1989)

use 15. Our estimates are more similar to those in Feenstra (1994), but often smaller than

those implied by Feenstra and Levinsohn (1995).

Our second goal is to estimate the welfare gains from the elimination of tariffs, either

among industrialized countries or worldwide. Since these estimates depend on estimates

of the elasticities of substitution, our first two goals are linked. We do not estimate all

sources of welfare gains, only those for which our methodology makes a unique contri-

bution i.e., only those that can be estimated in a way that affords the data a greater voice

than in CGE models.

We focus on two sources of welfare gains from tariff liberalization: (1) static gains from

lower prices and (2) dynamic gains from marginal cost reductions induced by increased

foreign competition. The dynamic gains are estimated in part with the aid of ancillary

equations relating marginal cost reductions to tariff reductions. This econometric ap-

proach contrasts with the typical CGE approach of assuming that there are gains from

moving down average cost curves. Extensive econometric work on trade liberalization

has failed to find strong evidence that liberalization induces firms to move down their

average cost curves e.g., Tybout, de Melo and Corbo (1991), Tybout and Westbrook (1995),

1A related paper, Anderson and van Wincoop (2003), uses a sophisticated method for endogenizing
income; however, the authors are less concerned with the complex price term as can be seen from the fact
that in their set-up the elasticity of substitution is not identified.
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Pavcnik (2002), and Trefler (forthcoming).2

Our first welfare finding is that the static gains from worldwide tariff elimination are

small: 2.0 percent of world income with a tight standard error of 0.05. Our second finding

is that the dynamic marginal cost gains are large: when combined with the static gains

they amount to 5.2 percent of world income with a standard error of 0.61.

In terms of our first two goals, this paper is closely related to Eaton and Kortum (2002)

who estimate complex behavioural and general equilibrium price responses in the context

of a Ricardian model. They also compute the welfare gains from trade liberalization. We

go a little further by treating welfare gains as an uncertain quantity whose mean and

standard error must be estimated. Our aim of estimating welfare gains is shared by

Feenstra (1988) and Berry, Levinsohn and Pakes (1999) who provide in-depth studies of

the welfare gains from automotive sector voluntary export restraints. See Feenstra (1995)

for a review of the literature.

Our third goal is to examine the model for evidence of mis-specification. Specification

testing is precluded in CGE models because the model typically fits the data perfectly.

See Dawkins, Srinivasan and Whalley (2001) for a balanced review of this point. We find

evidence that the complex price dynamics are mis-specified unless modelled with lags of

up to a decade. Also, using Davidson and MacKinnon’s (1981) non-nested specification

test we find evidence that the CES monopolistic competition model does not fully capture

dynamic income effects.

The outline of the paper is as follows. Section 1 lays out the familiar economic theory.

Sections 2-5 deal with estimating elasticities of substitution. Section 6 deals with estim-

ating the welfare gains from future rounds of tariff cuts. Section 7 deals with non-nested

specification testing.

2Tybout (forthcoming) goes so far as to state that the extent of scale returns typically assumed in CGE
models ‘is probably a gross overstatement of the extent of unexploited scale economies.’
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1. Theory

We are interested in the standard CES monopolistic competition trade prediction. There

is a single consumer in each country with Cobb-Douglas preferences over goods and CES

preferences over varieties. 2-stage budgeting allows us to concentrate on the decision

about varieties. Let i index consumer countries, let j index producer countries, and let

g index goods. Let ω index varieties and let Ngj be the measure (number) of varieties

produced in country j. Let qgij(ω) be i’s consumption of variety ω produced in country

j. Let pgj(ω) be the producer price and let τgij be one plus the ad valorem tariff so that

pgj(ω)τgij is the price faced by consumers in country i. Consumer utility is given by Ui =

Πg(Ugi)αg where

Ugi =

(
∑

j

∫ Ngj

0

(
qgij (ω) /δgij

)(σg−1)/σg dω

)σg/(σg−1)

. (1)

In equilibrium, σg is the elasticity of substitution between varieties. The δgij are most

readily thought of as country i’s assessment of the quality of country j’s good g. Given

2-stage budgeting, the country i representative consumer chooses the qgij (ω) to maximize

Ugi subject to prices pgj(ω)τgij and income αgYi where Yi is national income.

Producers in country j face marginal costs cgj and fixed costs Fgj. In equilibrium,

marginal costs depend on the structure of tariffs. This is discussed in detail below. Utility

and profit maximization together imply

pgj =
σg

σg − 1
cgj (2)

and

qgij = δgijαgYi
σg − 1

σg

(
τgijcgjδgij

)−σg

Σk
(
τgikcgkδgik

)1−σg Ngk

. (3)

Hence i’s imports of good g from country j are given by

Mgij = qgijNgj = δgijαgYi
σg − 1

σg

(
τgijcgjδgij

)−σg Ngj

Σk
(
τgikcgkδgik

)1−σg Ngk

. (4)

For i = j, Mgii is i’s consumption of domestic goods.
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Equation (4) does not incorporate market clearing i.e., country j’s supply (Qgj) equals

world demand (∑i Mgij). It is standard to introduce this into the model via

Mgij ≡
Mgij

∑n Mgnj
Qgj . (5)

Mgij/ ∑n Mgnj is i’s share of world demand for j’s output. To see that equation (5) appears

repeatedly in, for example, Helpman and Krugman (1985), consider a symmetric world

where τgij, cgj, and δgij are independent of i and j. Then Mgij/ ∑n Mgnj = si where si ≡

Yi/ ∑n Yn is i’s share of world income. In this symmetric case, equation (5) reduces to

the familiar Mgij = siQgj. Plugging equation (4) into the Mgij on the right-hand side of

equation (5) and taking logs yields

ln Mgij = ln si + ln Φgij
(
σg,δg

)
+ ln Qgj (6)

where the price term Φgij
(
σg,δg

)
is defined as

Φgij
(
σg,δg

)
≡

[
δgij

(
τgijcgjδgij

)−σg

∑k
(
τgikcgkδgik

)1−σg Ngk

]/[
∑
n

snδgnj

(
τgnjcgjδgnj

)−σg

∑k
(
τgnkcgkδgnk

)1−σg Ngk

]
(7)

and where δg ≡ {δgij}∀ij. Setting δgij = 1, the denominator of Φgij is the ‘real’ income of j’s

trading partners i.e., the si are deflated by the CES price index. This denominator is often

called the ‘market potential’ function for country j. It captures the model’s key general

equilibrium interaction across jurisdictions. See Hanson (1998).

Much of the econometric literature dealing with monopolistic competition import equa-

tions has focussed on income effects to the exclusion of price effects. We are thinking

in particular of gravity equations. To the extent that tariffs have been introduced they

never enter into the estimating equation in the way suggested by equation (7). To see

this most simply, set δgij = 1 and cgj = 1 for the remainder of this section. Previous

research modelled ln Φgij in a variety of ways, each a special case of βg ln τgij + λgij

where the λgij are fixed effects.3 This expression is equivalent to ln Φgij provided that

λgij = − ln Σkτ
1−σg
gik Ngk − ln Σn[snτ

−σg
gnj /Σkτ

1−σg
gnk Ngk] and βg = −σg. That βg = −σg has

3The exception is Anderson and van Wincoop (2003).
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led many researchers to interpret βg as a behavioural or general equilibrium response to

tariffs. Yet from equations (6)-(7),

d ln Mgij

d ln τgij
=

d ln Φgij

d ln τgij
= βg +

dλgij

d ln τgij
.

where dλgij/d ln τgij is definitely not zero since it captures the core general equilibrium re-

sponses of the model! That is, βg has no behavioural or general equilibrium interpretation.

In contrast, Φgij captures the theoretically correct behavioural and general equilibrium

import responses to tariffs. This tariff response is exactly what is at stake in discussions

surrounding the effects of trade liberalization. If the Φgij term is not fully understood

empirically then neither is trade liberalization. To date, Φgij is far from being understood

empirically.

2. The Data

Our first goal is to estimate equations (6)-(7). Trade flows data are from Statistics Canada’s

World Trade Database. Income data are from the World Bank. Production data relevant for

marginal costs are from UNIDO’s INDSTAT database. All these data have been cleaned

up, deflated, and in the case of income, purchasing-power-parity (PPP) adjusted. All of

this is described in Antweiler and Trefler (2002). None of the results are sensitive to the

deflation method or to the use of PPP adjustments so that we need not go into details on

these points. Industrial disaggregation is at the level of 3-digit ISIC (revision 2) which

consists of 28 industries. The years used are 1972, 1977, 1982, 1987, and 1992.

The major data-gathering exercise for this paper has been the building of a time series

on bilateral tariffs by industry and year. Most of the data come from different waves of

the GATT Tariff Study which Trefler has collected surreptitiously over the years. They

also come from the UNCTAD TRAINS database. Appendix C in Lai and Trefler (2002)

sifts through the large number of data details. Note that what we call tariffs also includes

discriminatory internal taxes. For developing countries these taxes are often substantial.
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Table 1. List of Importers and ExportersTable 1.  List of Importers and Exporters

14 Importers and Exporters 22 Exporters

Europe Other OECD Asia Other
Belgium U.S.A. Australia Hong Kong Argentina
Germany Canada New Zealand Indonesia Brazil
Denmark Japan Spain India Chile
Finland Portugal Korea Ecuador
France Sweden Sri Lanka Venezuela
Greece Austria Malaysia
Ireland Mexico Singapore Morocco
Italy Thailand Tunisia
Netherlands
Norway
United Kingdom

The choice of countries (14 importers and 36 exporters) was dictated by the availability

of the tariff and tax data. Table 1 reports the countries used. The 14 importers are the

United States, Canada, Japan, and 11 European countries. Even though we will only

be considering 14 importers, the theory states that we need the bilateral tariffs for every

country in the world. See the complex price term Φgij which captures general equilibrium

interactions across all jurisdictions. Finding bilateral tariffs for the entire world is not feas-

ible. Instead, we concentrated on obtaining tariffs for the major trading partners of our 14

importers. Table 1 lists the 22 countries which, along with the initial 14 countries, fills out

the major trading partners of our 14 importers. The 1992 data for the 22 additional trading

partners are from the TRAINS database. For earlier years, they are from a wide variety of

sources and involve some imputation when neither member of the bilateral pair is in our

list of 14 importers. See Appendix C of Lai and Trefler (2002) for details. The assembled

bilateral, sector-specific panel data set for tariffs represents a major improvement on the

types of tariff data previously used.

We construct marginal costs in two steps. First, we compute total factor productivity

(TFPgj) using the Caves, Christensen and Diewert (1982) superlative index. In this we

follow Keller (2002). Let vgj, egj, wgj and kgj denote value added, employment, wages and
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capital stock, respectively. Then ln
(
TFPgj

)
≡ ln

(
vgj
)
− θ̃gj ln

(
egj
)
−
(

1− θ̃gj

)
ln
(
kgj
)

where, instead of using domestic labour shares θgj ≡ wgjegj/vgj, we use ‘superlative’

shares θ̃gj ≡ (θgj + Σ36
i=1θgi/36)/2. (36 is the number of countries.)

In the second step we compute marginal costs as cgj ≡ w
θ̃gj
gj r

1−θ̃ij
gj /TFPgj where rgj is

the Penn World Table 6.1 price of investment. All data other than rgj used to calculate

the cgj are from the UNIDO database as cleaned up by Antweiler and Trefler (2002). See

Appendix D for more details.

International data on the Ngj in equation (7) are only sporadically available. Also, they

are not internationally comparable because each country samples small firms differently.

For example, some countries only survey very large plants. We therefore proxy Ngj with

industry output Qgj.4

3. Estimation

Let i = 1, . . . , 14 index consuming countries, let j = 1, ..., 36 index producing countries,

let g = 1, ..., 28 index 3-digit ISIC industries, and let t = 1972, 1977, 1982, 1987, 1992 index

years. For each industry separately we estimate the equation

ln Mgijt = ln sit + ln Φgijt
(
σg,δg

)
+ ln Qgjt + λgij + εgijt (8)

where the λgij are country-pair fixed effects. We assume that the εgijt are generated by an

AR(1) process

εgijt = ρgεgij,t−1 + νgijt (9)

and that the νgijt are independently distributed with zero mean and heteroscedastic vari-

ance

E
(
νgijt

)2 =
(
sisj
)2ωg η2

g . (10)

In equation (10), si = Σtsit/5. The unknown parameters are σg, δgij, λgij, ρg, ωg, and ηg.

4It is theoretically rigourous to replace Ngj with Qgj in equation (7) provided that firm output qgj =
Qgj/Ngj is independent of j. From profit maximization, qgj = (σg − 1)Fgj/cgj so that qgj is independent
of j when Fgj/cgj is independent of j. Even if this condition – commonly used in theory – does not hold
empirically, one nevertheless expects Ngj and Qgj to be highly correlated across countries j. This correlation
suffices for our econometric purposes.

8



We emphasize that while bilateral fixed effects have occasionally been used in the liter-

ature, generalized least squares (GLS) corrections and, most importantly, AR corrections

have not been used. The AR correction is central because without it, the sample size

over-states the amount of independent sample information, thus leading to overly small

standard errors and overly large t-statistics. Indeed, we find that the ‘effective’ sample

size is less than two thirds of the actual sample size where ‘effective’ is defined as the

denominator of appendix equation A 5 below. With this in mind, we find it remarkable

that no other study in this area has incorporated AR corrections or, for that matter, a

combination of AR, fixed effect, and GLS corrections. We will subject these assumptions

to a number of specification tests.

We employ a variety of estimation strategies. In the next section we consider maximum

likelihood (ML) and non-linear least squares (NLS) methods. In section 5 we consider a

GMM method that is a modification of Arellano and Bond’s (1991) approach. Details of

the estimators are relegated to Appendix A and Appendix B.

4. Empirical Results

We start with aggregate manufacturing before moving on to results by 3-digit ISIC in-

dustry. To emphasize this we drop the g subscripts. Table 2 presents estimates for

aggregate manufacturing. The first column presents our baseline specification which sets

all the δgij to unity. The estimate of σ is 5.24 with a standard error of 0.30. This estimate

is at the low end of the numbers usually considered in the CGE literature. For example,

Harrison, Rutherford and Tarr (1997) use 8, Brown and Stern (1989) use 15, and Wei (1996)

uses 20. Exceptions are Harris (1984) and Shiells and Reinert (1991) who use numbers

close to unity. The estimate is also much lower than those in Harrigan (1993). His median

value of σ̂g across 28 industries is 30 which is much larger than our median value of 3.97.

(3.97 comes from table 9 below which reports industry-specific σ̂g.)

From the last line of column 1, the correlation between ln Mijt and ln sitΦijtQjt is a high

0.88. More precisely, this is the correlation between the scaled variables (ln Mijt)/ψij and
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Table 2. Estimates for Aggregate ManufacturingTable 2.  Estimates for Aggregate Manufacturing

Specification Baseline
No GLS 
(ω = 0)

No F.E. or 
AR(1) 

(λij = ρ = 0)

No Fixed 
Effects 
(λij = 0)

No 
AR(1) 
(ρ= 0)

No First 
Observ'n

(1) (2) (3) (4) (5) (6)

Elast. of subs. (σ) 5.24 5.87 17.59 4.98 5.56 5.01
(0.30) (0.32) (0.42) (0.30) (0.31) (0.55)

AR(1) correction (ρ) 0.27 0.17 0.00 0.97 0.00 0.31
(0.026) (0.026) (0.0025) (.031)

GLS correction (ω) -0.12 0.00 -0.01 -0.14 -0.10 -0.09
(0.0071) (0.0077) (0.0070) (0.0069) (0.0102)

Loglikelihood -87 -217 -3431 -1135 -138 274
Regression std. error 0.05 0.43 5.17 0.05 0.08 0.02
Goodness of fit 0.88 0.73 0.72 0.90 0.87 0.91
Notes : The baseline specification is in logs with AR(1), fixed effect, and GLS corrections. See equations (8)-
(10). There is no quality correction (δgij = 1 for all i and j ) in any specification. Standard errors are in
parentheses. There are 2,520 observations involving 504 country pairs (14 importers x 36 exporters) and 5
years (1972, 1977, 1982, 1987, 1992). (In column 6 there are only 4 years.) 'Goodness of fit' is the correlation
between ln (M ijt ) and ln (s it Φijt  Q jt ).

(ln sitΦijtQjt)/ψij where ψij ≡ (sisj)ω̂ η̂
√

1− ρ̂2 is the estimated standard error of εijt. See

equations (8)-(10).

The GLS correction ω̂ = −0.12 is negative, indicating that less weight is being given to

country pairs with at least one small partner. This is sensible. Column 2 of table 2 drops

the GLS correction by setting ω to 0. The likelihood ratio test rejects the hypothesis of

ω = 0 (χ2
1 = 260). Despite this, setting ω to 0 raises σ̂ only somewhat.

Column 3 shows that when the fixed effect and AR(1) corrections are omitted, σ̂ grows

to 17.59. This emphatically illustrates that the between country-pair sample variation

associated with previous cross-sectional studies produces radically different estimates

from those based on within country-pair sample variation. This requires some comment.
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Estimates of σ based on between country-pair sample variation exploit the fact that, for

example, the United States both imports more from Canada than from Tunisia and has

lower tariffs against Canada than Tunisia. That is, the ‘between’ estimates blithely assume

that all other differences between Canada and Tunisia have been adequately modelled.

This assumption is questionable. In contrast, our table 2 estimates of import responses

based on the within country-pair sample variation exploit the fact that U.S. imports from

Canada grew after implementation of the Canada-U.S. Free Trade Agreement. That is, the

‘within’ estimates do not compare Canada with Tunisia. They are thus more relevant for

questions about trade liberalization.

Column 4 shows that omitting the fixed effect while keeping the AR(1) correction

lowers σ̂ only a little (σ̂ = 4.98). However, this is not to say that the fixed effects are

unimportant. What has happened is that the fixed effects are now absorbed in the AR(1)

process. This can be seen from the fact that ρ̂ has jumped up dramatically to 0.97 so

that we are effectively differencing out the fixed effects. The likelihood ratio test statistic

rejects the hypothesis of no fixed effects (χ2
504 = 2,096), indicating that the fixed effects

are crucial for understanding the between country-pair sample variation. This point has

previously been made by Hummels and Levinsohn (1995) and others. However, since ρ̂ is

close to unity when the λij are omitted, the usual interpretation of the fixed effects as static

mis-specification (e.g., the omission of distance effects) may not be the full story. Dynamic

mis-specification cannot be overlooked.

The standard approach to AR(1) modelling involves differencing the data (e.g., ln Mijt −

ρ ln Mij,t−1 and νijt = εijt − ρεij,t−1) and minimizing (roughly speaking) the sum of squared

errors Σij[ν2
ij77 + ν2

ij82 + ν2
ij87 + ν2

ij92]. Given the shortness of the five-year panel, we apply

a standard correction that allows us to keep the 1972 observation. That is, it allows us

to minimize (roughly speaking) Σij[(1 − ρ2)εgij72 + ν2
gij77 + ν2

gij82 + ν2
gij87 + ν2

gij92]. This

correction is described fully in Appendix A. We have been careful to keep the first

observation because it has frequently been pointed out that dropping it results in a serious

loss of efficiency e.g., (Davidson and MacKinnon, 1993, chapter 10.6). In column 6 of table

11



-10

0

10

20

30

40

50

0 5 10 15 20 25 30 35 40 45 50

ln (s it  Φ ijt  Q jt )

ln
(M

ijt
)

Figure 1. Model Fit: ln Mijt vs. ln sitΦijtQjt

2 we report the effect of dropping the first observation. σ̂ falls only a little (to 5.01), but

the standard error almost doubles (to 0.55). This highlights the importance of retaining

the first, informative observation. This will prove important for standard errors when we

turn below to GMM methods which force us to drop the first two observations.

Figure 1 plots ln Mijt against ln sitΦijt(σ̂)Qjt for our baseline specification of column

1.5 The high correlation of 0.88 is reflected in the plot. In the plot, a ‘o’ marks domestic

observations (i = j) and an ‘+’ marks foreign observations (i 6= j). The former all lie above

the predicted 45o line. This graphically illustrates that trade is missing relative to its theoretical

prediction, just as in Trefler’s (1995) “case of the missing trade.”

Figure 1 suggests that the results may be sensitive to the inclusion of domestic observa-

tions. Table 3 investigates. Column 1 is the baseline specification from column 1 of table

2. Column 2 shows that σ̂ does not change when the domestic consumption observations

are excluded.
5All data are scaled by the GLS factor ψij = (sisj)ω̂ η̂

√
1− ρ̂2 so that the units of observation are standard

deviations.
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Table 3. Alternative Specifications for Aggregate ManufacturingTable 3.  Alternative Specifications for Aggregate Manufacturing

Specification Baseline

Domestic 
Observ'ns 

i = j 
Omitted

Home 
Bias 
(δi )

Quality 
Correction 
1/δj = κ c j

Omit 
Hong 

Kong & 
India

Non-
linear 
Least 

Squares
(1) (2) (3) (4) (5) (6)

Elasticity of substitution (σ) 5.24 5.25 4.75 5.30 5.86 5.06
(0.30) (0.30) (0.30) (0.40) (0.37) (0.35)

Home bias (δ) 1.29
(0.075)

AR(1) correction (ρ) 0.27 0.27 0.27 0.29 0.30 0.43
(0.026) (0.027) (0.026) (0.026) (0.026) (0.029)

GLS correction (ω) -0.12 -0.11 -0.12 -0.12 -0.12 -0.12
(0.0071) (0.0072) (0.0071) (0.0071) (0.0071) (0.0076)

Loglikelihood -87 -114 -70 -99 -26.00 -133
Regression standard error 0.05 0.06 0.05 0.05 0.05 0.05
Corr ( ln (M ijt ) , ln (s it Φ ijt Q jt ) 0.88 0.88 0.89 0.88 0.90 0.88
Notes : The baseline specification is in logs with AR(1), fixed effect, and GLS corrections. See equations (8)-(10).
There is no quality correction (δgij = 1 for all i and j ). Standard errors are in parentheses. There are 2,520
observations in the baseline specification.

Column 3 of table 3 introduces home bias. In the baseline specification we impose

δij = 1 for all i and j. In the home bias specification we restrict the δij so that δii = 1 for

all i and δij = δ for i 6= j. δ is estimated to be 1.29, indicating that 1.29 units of a foreign

good provide the same utility as 1 unit of a domestic good. That is, there is Armington

home bias. As expected, σ is a little smaller with home bias: high levels of domestic

consumption are no longer being explained solely by low domestic prices so that the price

elasticity σ need not be so high. This said, we do not pursue home bias further because at

the 3-digit ISIC level the estimates of home bias are very unstable.6

6This is not surprising. If δii is set equal to δ rather than 1, then δ is not be identified. See equation (7).
This means that very few observations – only those with (i,i) subscripts – contribute sample variation useful
for estimating δ. Thus, we expect imprecise estimates of δ.
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There is considerable evidence that low-wage countries produce low-quality goods e.g.,

Fontagne, Freudenberg and Peridy (1998), Hallak (2001), and Schott (2001). Further, in our

data low-wage countries have low marginal costs because low wages more than offset

low TFP. Thus, there is potentially a correlation between marginal costs cj and quality

that biases our estimates. To investigate we set δij = δj. Then 1/δj measures quality.

Since we do not observe quality 1/δj, we consider what happens to σ̂ under an extreme

assumption about 1/δj. Specifically, assume that quality is costly so that 1/δj is exactly

proportional to marginal costs cj: 1/δj = κcj for some constant κ. If σ̂ does not change

when this assumption is imposed, then we need not worry unduly about quality. Column

4 of table 3 shows the results. The quality-adjusted estimate σ̂ = 5.30 is almost identical to

our baseline σ̂ = 5.24. This insensitivity is typical of what we find throughout this paper.

Thus, the presence of international quality differences does not appear to be a source of

bias.

Column 5 of table 3 examines potential outliers. There are two exporters in our data

base with unusual data, India with its tariffs and other discriminatory internal taxes in

excess of 100 percent and Hong Kong with its Chinese entrepôt trade and extremely low

tariffs. Column 5 shows that India and Hong Kong are not influential observations.

Column 6 of table 3 shows that it does not matter whether we move from our baseline

maximum likelihood estimator to a nonlinear least squares estimator (σ̂ = 5.06).

To summarize, we have considered an array of specifications dealing with fixed effects,

serial correlation, heteroscedasticity, treatment of first observations, ML versus NLS, po-

tential outliers (domestic observations, Hong Kong, and India), the role of home bias, and

quality adjustments. All of these point to an estimate of σ tightly centered around 5. This

is lower than estimates used by most modelers of the effects of trade liberalization e.g.,

Brown and Stern (1989) use 15.
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5. Endogeneity and Dynamics

So far we have treated ln sitΦijt(σ)Qjt as being exogenous. We now turn to examin-

ing endogeneity bias within a framework that also allows us to elaborate on model

dynamics. The first thing to observe is that the model can equivalently be written as

ln Mijt − ln sit − ln Qjt = ln Φijt(σ) + λij + εijt which highlights the fact that what is im-

portant for endogeneity bias is E
[
ln Φijt(σ) | εijt

]
= 0 rather than E

[
ln sit | εijt

]
= 0 or

E
[
ln Qjt | εijt

]
= 0. Nevertheless, in order to discuss dynamics we will sometimes want

ln sit and ln Qjt as right-hand-side variables and sometimes as left-hand-side variables.

Adopting notation that is flexible enough to accommodate this, we re-write equation (8)

as

yijt = xijt(σ) + λij + εijt (11)

where

yijt − xijt(σ) = ln Mijt − ln sit − ln Qjt − ln Φijt(σ) . (12)

and where xijt(σ) always includes ln Φijt(σ), but may or may not include ln sit and ln Qjt.

To examine issues associated with dynamic panels, transform equation (11) so that νijt

is the residual:

yijt = ρyij,t−1 + ∆ρxijt(σ) + (1− ρ)λij + νijt t ≥ 2 (13)

where ∆ρ is the generalized difference operator given by

∆ρxijt(σ) ≡ xijt(σ)− ρxij,t−1(σ) t ≥ 2

and where for notational convenience the time index is now t = 1, 2, . . ., 5 instead of

t = 1972, 1977, . . ., 1992. The presence of ρyij,t−1 in equation (13) highlights the fact that

we are dealing with a dynamic panel. It also brings to the fore two issues of endogeneity.

First, as observed by Nickell (1981), estimation methods that difference out the λij

(as did the non-linear fixed effects estimator we used in the previous section) induce a

correlation between the yij,t−1 and the transformed residuals. The easiest way to see this
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is to difference equation (13):

yijt − yij,t−1 = ρ(yij,t−1 − yij,t−2) + (∆ρxijt(σ)−∆ρxij,t−1(σ)) + (νijt − νij,t−1) t ≥ 3.

(14)

Since E(yij,t−1 − yij,t−2)(νijt − νij,t−1) = −Eyij,t−1νij,t−1 6= 0, consistent estimation requires

instrumental variables (IV) methods. A second problem arises when the xijt(σ) in equa-

tion (11) are endogenous i.e., Exijtεijt 6= 0. This implies that E∆ρxijtνijt 6= 0 in equation (14).

Both sources of endogeneity can be handled using a modification of Arellano and Bond’s

(1991) GMM approach.7 They propose to estimate equation (14) using instruments that

exploit the full set of moment restrictions. These moment restrictions are

Eyijs(νijt − νij,t−1) = 0 s = 1, . . . , t − 2 and t ≥ 3 (15)

and, setting the unobserved initial xij0(σ) to 0 for notational convenience,

E∆ρxijs(νijt − νij,t−1) = 0 s = 1, . . . , t − 2 and t ≥ 3. (16)

We will also find it useful to report results based on the assumption that the xijt are

exogenous. Then we can exploit the additional moment restrictions

E∆ρxijs(νijt − νij,t−1) = 0 s = t − 1, t and t ≥ 3. (17)

We will estimate equation (14) using the Arellano and Bond estimator and the moment

restrictions (15)-(17). There are a large number of details that we relegate to Appendix B.

Column 1 of table 4 repeats the ML estimates from column 2 of table 2 in which

(yij,t−1 − yij,t−2) and (xijt − xij,t−1) are treated as exogenous. To keep matters simple, we

forego the GLS correction by setting the ωg of equation (10) to 0. The remaining columns

report various IV estimates. In the top panel, ∆ρxijt(σ) is treated as exogenous while in

the bottom panel it is treated as endogenous. Each of columns 2-5 reports results using

different definitions of yijt and xijt. These definitions appear in the bottom two rows of the

table. For example, in column 2, yijt is defined as ln Mijt and xijt is defined as ln sitΦijtQjt.

7Note that equation (14) is not the same as the Arellano and Bond set-up because ∆ρxijt is both endogen-
ous and non-linear in σ. However, it is straightforward to extend their results to this setting.
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Table 4. GMM Results With ∆yijt and ∆ρxijt EndogenousTable 4. GMM

Specification ML GMM Instrumental Variables

(1) (2) (3) (4) (5) (6) 
∆ρ x ijt  Exogenous
Elas. of subs. (σ ) 5.87 4.93 5.44 7.25 6.69 7.08

(0.32) (3.78) (2.14) (1.36) (2.19) (1.88)

AR(1) correction (ρ ) 0.17 0.57 0.59 0.65 0.61 0.61
(0.026) (0.25) (0.31) (0.25) (0.18) (0.175)

Hausman test statistic 2.71 1.94 11.07 8.49 9.05
(.74) (.62) (1.00) (.99) (0.99)

∆ρ x ijt  Endogenous
Elas. of subs. (σ ) 5.75 4.62 3.42 8.95 8.35

(30.85) (2.14) (1.824) (4.78) (4.63)

AR(1) correction (ρ ) 0.59 0.62 0.64 0.61 0.59
(0.19) (0.19) (0.27) (0.31) (0.29)

Hausman test statistic 6.43 6.49 3.11 15.56 12.93
(.96) (.96) (.79) (1.00) (1.00)

Instrument Set
y ijt  = M ijt M ijt /Q jt M ijt /s it Q jt M ijt /s it M ijt /s it

x ijt  = s it Φijt Q jt s it Φijt Φijt Φijt Q jt Φijt Q jt

Notes:
1)
2)

3)
4)

5) Column 6 is estimated on the assumption of international quality differences: 1/ δj = κc j .

The ML estimator treats both ∆y ijt  and ∆ρ x ijt  as exogenous.
In the top panel, the GMM estimator treats ∆y ijt as endogenous and ∆ρ x ijt as exogenous. In the bottom
panel, the GMM estimator treats both ∆y ijt  and ∆ρ x ijt  as endogenous.
In the σ and ρ rows, standard errors are in parentheses.
In the 'Hausman test statistic' rows, p -values are in parentheses. Large p -values indicate rejection of
exogeneity.  Boldface indicates that exogeneity is rejected at the 1 percent level.
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The importance of the definitions is that they determine the choice of instruments via the

moment restrictions (15)-(17). For example, in column 2, the instrument set is built up

from lagged values of ln Mijt and ln sitΦijtQjt whereas in column 3 the instrument set is

built up from lagged values of ln Mijt/Qjt and ln sjtΦijt. See Appendix B for details.

Column 6 is the same as column 5 except that we allow for international quality differ-

ences as before i.e., 1/δj = κcj for some constant κ.

The most obvious feature of the table, and the one that appears in every specification, is

that the ρ̂IV are about three times larger than ρ̂ML. This is exactly what one would expect

from attenuation bias due to endogeneity. The value of ρ̂IV is strikingly large: a typical

value of 0.6 implies, for instance, that a one percent rise in today’s imports transmits a

0.36 percent change in imports a decade later. Notice that this is true even though we have

controlled for fixed effects. It highlights the fact that fixed effects fail to capture systematic

components of bilateral import dynamics.

The Hausman (1978) specification test for endogeneity appears in both the top and

bottom panels of table 4. It indicates that endogeneity is rejected at the one percent level

in column 4 (top panel) and columns 5-6 (both panels). These are indicated in boldface.

Next consider the σ̂ of table 4. In the five specifications for which exogeneity is rejected

(the boldface specifications), σ̂ takes on the values of 7.25, 6.69, 7.08, 8.95, and 8.35. These

are higher than their baseline counterpart of 5.87. There is an intriguing explanation of

this that runs in terms of the hypothesis that imports are a market-disciplining device.

(See Levinsohn, 1993; Harrison, 1994.) Consider the difference between the short-run and

long-run responses to trade liberalization. In the short run, the number of firms is constant

and, because of lags in establishing a presence in foreign markets, there is little downward

pressure on mark-ups. In the long run, the number of firms adjusts and mark-ups fall.

This is exactly what we are finding.

To show this, we translate the above claims into econometric language. In the CES

model, output per firm is fixed so that Qjt is proportional to the number of firms. Thus,

in the short run Qjt is constant or exogenous and in the long run Qjt is variable or
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endogenous. In the short run when Qjt is exogenous, σ̂ = 5.87 which implies that the

mark-up of price over marginal cost σ/(σ − 1) is 21 percent. In the long run when Qjt is

endogenous (i.e., the bottom panel of column 5), σ̂ = 8.95 which implies a mark-up of 13

percent. That is, the mark-up is lower in the long run. Thus, our results offer a new and

dynamic window on the hypothesis of imports as a market-disciplining device.

6. Trade Liberalization and Compensating Variation

Most econometric work in international trade focusses on predicting trade flows, not

welfare gains. That the two are not the same should be obvious. For example, when

σ is very large, trade liberalization leads to large changes in trade flows with almost

no implications for welfare. We turn now to estimating the welfare gains from trade

liberalization.

At this point we will need to turn to the 3-digit ISIC level which we index by g =

1, . . . ,28 for manufacturing sectors and g = 0 for the non-manufacturing sector. Let τgijt

be country i’s tariff against country j’s good g in year t. Let τt ≡ {τgijt}∀gij be the vector of

all tariffs. Let Yit be country i’s income. We continue to assume that the δgijt are unity.

Our objective is to estimate compensating variation CVi. CVi is the percentage of

income Yit that country i is willing to pay in order to move from a high-tariff regime τt

to a low-tariff regime τ0. We allow for the possibility that marginal costs depend on the

tariff regime. Let ct ≡ {cgjt}∀gj and c0 ≡ {c0
gj}∀gj be marginal costs under tariff regimes τt

and τ0, respectively. Letting Vi be the indirect utility function, CVi is defined implicitly by

Vi( Yit, τt, ct) = Vi( (1− CVi)Yit, τ0, c0). (18)

To derive CVi explicitly one must know Vi.

Vi is derived by plugging the optimal demands qgijt into the utility function Ui =

∏28
g=0 Uαg

g .8 Plugging the resulting expression for Vi into equation (18) and solving for

8Plugging the equation (3) expression for qgijt into the equation (1) expression for Ugi yields the indirect
sub-utility function

Vgi = αg(σg − 1)σ−1
g Yit[Σj(τgijtcgjt)

1−σg Ngjt]
1/(σg−1).
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CVi yields

CVi = 1−
28

∏
g=0

xgi (19)

where

xgi ≡

(
Σj(c0

gjτ
0
gij)

1−σg Ngjt

Σj(cgjtτgijt)1−σg Ngjt

)αg/(1−σg)

. (20)

This specification of CVi is calculated holding the number of products fixed. Below we

discuss the case where the number of products changes.

To estimate CVi we will need estimates not only of the σg – which have been the focus of

the paper so far – but also of how marginal costs change in response to tariff liberalization.

We turn to this task now.

A. Trade Liberalization and Marginal Costs

There are large theoretical and empirical literatures on how trade liberalization raises

productivity and hence lowers marginal costs. Most of the empirical literature deals

with the impact of tariff reductions in less industrialized countries. See Tybout (2000)

for a review and Pavcnik (2002) for a recent contribution. Relatively little has been

written about the experience of industrialized countries. Trefler (forthcoming) studied

the impact of the Canada-U.S. Free Trade Agreement on the productivity of Canadian

plants in import-competing industries. He found evidence that Canadian tariff reductions

raised Canadian productivity. This was mostly the result of Melitz-style (2003) exit of less

productive plants and a consequent shift of industry output towards more productive

plants.

A key issue that has plagued empirical work is whether productivity gains come from

moving down stable average cost curves (as assumed in CGE models) or from technical

change that shifts average cost curves down. Most econometric work has been support-

ive of the latter. Thus, Tybout (forthcoming) concludes that the extent of scale returns

typically assumed in CGE models ‘is probably a gross overstatement of the extent of

unexploited scale economies.’ This is perhaps too harsh given that identification of scale

This derivation requires some tedious algebra.
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effects separately from technological change is problematic. Antweiler and Trefler (2002,

section III.D) provide empirical evidence on how problematic it can be in an international

trade context. What is clear is that we are largely uncertain about whether productivity

gains from liberalization reflect moves along average cost curves or downward shifts of

average cost curves.

In addition to scale and technical change, the theoretical literature has described many

other channels through which trade liberalization can raise productivity. Rather than

testing for the empirical relevance of each of these channels – a massive undertaking

fraught with identification problems – we take a flexible approach that assesses the net

impact of tariff reductions on productivity and hence marginal costs.

Let Pgit be an index of i’s tariffs on good g in year t. We measure Pgit either as an

import-weighted average tariff,

Pgit ≡ Σj 6=imgijtτgijt (21)

where mgijt ≡ Mgijt/Σk 6=i Mgikt, or as a CES price index,

Pgit ≡
[
Σj 6=i(τgijt)1−σg Ngjt

]1/(1−σg)
. (22)

We are interested in how changes in Pgit lead to changes in the cgit. To this end we consider

a regression based on 10-year changes over the two periods 1972-82 and 1982-92:

∆ ln cgit = θgi + θgt + θg∆ ln Pgit + ηgit t = 1982, 1992 (23)

where ∆ is the 10-year lag operator (e.g., ∆ ln cgi92 = ln cgi,92 − ln cgi,82), θgt is a period

fixed effect (2 periods), θgi is a country fixed effect (36 countries) and ηgit is a mean-zero

homoscedastic error. We estimate equation (23) separately for each industry g. For each

industry there are 36× 2 = 72 observations.

Substituting out the country fixed effects in equation (23) shows that the equation is

equivalent to a difference-in-differences estimator:

∆ ln cgi92 −∆ ln cgi82 = θ + θg(∆ ln Pgi92 −∆ ln Pgi82) + ηgi
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where θ = θg92 − θg82. Thus, the equation (23) specification is almost identical to that

estimated by Trefler (forthcoming). He found that a 1 percentage point reduction in

Canadian tariffs raised Canadian productivity by between 0.8 percent and 1.5 percent,

depending on whether he was dealing with the most impacted industries or the manu-

facturing average and depending on whether he was looking at industry-level effects or

plant-level effects. We thus expect the θg to be in the neighbourhood of 0.8 to 1.5.

Table 5 reports the estimates of the θg. For all of manufacturing the coefficient is 1.06

(t = 3.08) using the average tariff measure of Pgit and 1.35 (t = 3.16) using the CES

price index measure of Pgit. The two are similar, statistically significant, and in the range

estimated by Trefler (forthcoming). Turning to the 3-digit ISIC level results, there are

4-5 industries for which tariff cuts had statistically significant impacts on marginal costs.

While almost all of the θg are positive as predicted, very few are statistically significant.

The table thus suggests that tariff reductions induce only modest reductions in marginal

costs.

We have also examined two other specifications. When we omit the fixed effects, thus

doubling the degrees of freedom, there are many more statistically significant θg. This can

be seen from the last set of columns in table 5. Thus, our estimates are on the conservative

side. Second, we have estimated a model that includes both average tariffs on imports

(Pgit) and average tariffs on exports. As in Bernard and Jensen (1999), we find no evidence

that increased exporting (due to lower tariffs on exports) lowers marginal costs.

We can use our estimates of θg from table 5 to calculate the c0
gj that appear in the

equation (20) expression for compensating variation. To see how consider a fall in tariffs

from τt (the actual tariffs in year t) to some lower level τ0. This leads to a change in the

average tariff from Pgit ≡ Σj 6=imgijtτgijt to P0
gi ≡ Σj 6=imgijtτ

0
gij. From equation (23) this leads

to a θg ln P0
gi/Pgit log change in marginal costs. Thus,

c0
gj ≡

[
P0

gi

Pgit

]θg

cgjt. (24)

Likewise for the CES price index measure of Pgit and P0
git. We will plug these c0

gj into our

22



Table 5. Marginal Cost Regressions

Average Tariffs CES Price Index Average Tariffs

Country and Year 
Fixed Effects

Country and Year 
Fixed Effects

No Fixed 
Effects

      βg     t R 2       βg     t R 2         βg     t

All of Manufacturing
300 All Manufacturing 1.06 3.08 .64 1.35 3.16 .65 1.56 2.18

Statistically Significant Effects
390 Misc. Manufacturing 1.10 2.32 .56 .74 2.28 .56 1.01 2.51
384 Transport Equipment 1.12 2.32 .62 1.23 2.43 .62 .70 2.50
323 Leather Products .83 1.78 .50 1.36 2.60 .54 .53 1.82
321 Textiles .96 2.24 .64 1.12 2.22 .64 .60 2.09
314 Tobacco .66 2.41 .58 1.25 2.77 .60 .58 2.47

Statistically Insignificant Effects
385 Instruments 1.08 1.16 .65 1.32 1.38 .65 1.78 2.58
383 Elec. Mach. & Electronics 1.23 1.66 .40 1.62 1.82 .41 1.22 2.66
382 Machinery, Non-electric 1.71 1.60 .54 2.62 1.84 .55 .59 .75
381 Fabricated Metal Products .96 1.68 .55 .96 1.41 .54 1.10 2.63
372 Non-ferrous Metals 1.72 1.83 .64 1.92 1.50 .63 2.27 3.11
371 Iron & Steel .14 .15 .73 .55 .55 .74 1.57 1.90
369 Clay & Cement Products .61 1.00 .35 1.27 1.50 .38 .61 1.98
362 Glass Products .93 1.32 .32 1.29 1.33 .32 .62 1.69
361 Pottery & China .26 .57 .44 .20 .34 .43 .28 1.05
356 Plastic Products .27 .51 .61 .39 .60 .61 .92 2.31
355 Rubber Products .63 .86 .52 1.55 1.41 .54 .97 2.09
354 Misc. Petro & Coal Prods. .09 .41 .66 .74 .66 .67 .18 .74
353 Petroleum Refineries -.16 -.14 .28 -.14 -.08 .28 .25 .36
352 Pharmaceuticals etc .83 1.47 .44 1.26 1.71 .45 .62 1.70
351 Industrial Chemicals -.70 -1.12 .31 -.89 -1.18 .31 -.09 -.22
342 Printing & Publishing 1.19 1.88 .63 .22 1.08 .61 1.09 3.27
341 Pulp & Paper 1.30 1.67 .46 1.43 1.89 .47 .84 2.50
332 Furniture .45 1.08 .55 .18 .32 .54 .50 1.60
331 Wood Products .65 1.31 .56 .19 .34 .54 .83 2.90
324 Footwear .50 1.37 .55 .25 .49 .53 .35 1.31
322 Apparel .51 1.75 .68 .67 1.91 .69 .41 1.80
313 Beverages .35 .96 .54 1.17 1.90 .58 .39 1.33
311 Food Products .27 .48 .36 .79 1.03 .37 .54 1.37

Dependent Variable:

Changes in Marginal Costs

Notes : The table reports estimates of equation (23). Each row is a separate OLS regression for the indicated
industry. There are 3 regressions per industry: (1) 'Average Tariffs: Country and Year Fixed Effects' which
defines P git using import-weighted average tariffs (equation 21); (2) 'CES Price Index: Country and Year Fixed
Effects' which defines P gjt using the CES price index (equation 22); and (3) 'Average Tariffs: No Fixed Effects'.
Statistically significant coefficients are set in bold face.
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measure of compensating variation, taking full account of the fact that c0
gj is estimated

rather than known.

B. Estimating Compensating Variation

In order to evaluate the xgi in equation (20), we will also need to know the σg by industry.

These are reported in appendix table 9 below and discussed in detail in Appendix C.

It remains to induce a sampling distribution over the xgi and CVi. We know that σg is

asymptotically normal with mean and variance given in appendix table 9. Let fσg be a

normal density with this mean and variance. Likewise, θg has an asymptotic density fθg

that is normal with mean and variance given in table 5. We plausibly assume that the σg

and θg are independent.

From equations (19)-(20) and the independence of the (σg,θg) across industries,

E[CVi({σg,θg}∀g)] = 1− Π28
g=0E[xgi(σg,θg)] (25)

where

E[xgi(σg,θg)] =
∫ ∞

−∞

∫ ∞

−∞
xgi(σ,θ) fσg(σ) fθg(θ)dσdθ. (26)

Calculation of E[CVi({σg,θg}∀g)] therefore involves the numerical integration of this integ-

ral for each industry g = 0, . . ., 28. In fact, we can do slightly better by imposing the a

priori constraint σg > 1 and using the conditional expectation

E[xgi(σg,θg)] =
∫ ∞

−∞

∫ ∞

1
xgi(σ,θ) fσg(σ) fθg(θ)dσdθ/

∫ ∞

1
fσg(σ)dσ. (27)

We will report results based on equation (27) rather than equation (26), though as a

practical matter it makes very little difference which we use.9

9 There remains the question of what to use for αg in the equation (20) expression for xgi. The most
sensible measure readily available is value-added shares. Let g = 0 denote non-manufacturing. From
the 1992 World Development Indicators, world non-manufacturing value added as a share of world gross
domestic product is 0.77. We take this as our value of α0. For manufacturing industries, we do not have value
added by detailed industry. Instead, we assume that value added is proportional to output. Specifically,
define Qg ≡ ∑36

j=1 Qgj,1992 and Q ≡ ∑28
g=1 Qg. Then αg = (1− α0)Qg/Q for g = 1, ..., 28.

Finally, to compute the g = 0 term in equation (20) we assume that trade barriers and marginal costs in
non-manufacturing are unchanged by trade liberalization.
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We are also interested in the variance of CVi({σg,θg}∀g). This is just

V
[
CVi({σg,θg}∀g)

]
= Π28

g=0E
[
[xgi(σ̂g,θg)]2

]
− Π28

g=0
[
E[xgi(σg,θg)]

]2 . (28)

Thus, not only can we estimate expected compensating variation, we can also attach a

standard error to the expectation. Estimates of the welfare gains from trade liberalization

(CVi) have appeared in the CGE literature, but rarely in the econometric literature. Estimates

of uncertainty about the expected welfare gains from trade liberalization (standard errors

for E[CVi]) are even rarer.10

C. Results

We first consider what would happen to welfare if our 14 importers formed a free trade

area. That is, suppose that our 14 importing countries dropped all tariffs against each

other, but retained existing tariffs against countries outside the group of 14. The average

tariffs within this group were only 2 percent in 1992. We thus do not expect large welfare

gains.11 Table 6 reports the E[CVi] and V[CVi] for this scenario. We consider 3 cases.

1. Marginal costs fall in all industries.

2. Marginal costs fall only in the 4 industries with statistically significant θg. From table

5, these are industries 314, 321, 384 and 390.

3. Marginal costs do not change.

It turns out that we obtain very similar results for compensating variation whether we

define Pgit in terms of average tariffs or the CES price index. We therefore only report

results based on average tariffs.

Consider table 6. In case 1, the compensating variation is 0.14 percent, a tiny number.

All the entries in the column are positive, indicating not surprisingly that all countries

10 The only study we know of that includes standard errors is the Berry et al. (1999) automotive study.
11Table 9 in Lai and Trefler (2002) provides more detail about the structure of bilateral tariffs in 1992.
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Table 6. Compensating Variation for a Free Trade Area Among 14 Importing Countries
Table 6. Compensating Variation: Liberalize Trade Among the 14 Importers

Marginal Cost Changes In:b

Case 1: Case 2: Case 3:
All Industries Stat.  Sig. Indus. No   Industries

Region E[CV i ] E[CV i ] E[CV i ]

14 Importers 0.14% 0.11% 0.09%
(.035) (.033) (.026)

North America 0.09% 0.07% 0.05%
(.037) (.034) (.026)

U.S.A. 0.08% 0.06% 0.04%
(.023) (.020) (.013)

Canada 0.19% 0.16% 0.14%
(.051) (.048) (.040)

Japan 0.20% 0.18% 0.16%
(.041) (.044) (.037)

Europe 0.16% 0.14% 0.12%
(.036) (.033) (.026)

EU-8c 0.17% 0.14% 0.12%
(.036) (.033) (.026)

Greece 0.17% 0.14% 0.12%
(.036) (.033) (.026)

Finland 0.15% 0.12% 0.10%
(.031) (.029) (.021)

Norway 0.11% 0.09% 0.07%
(.025) (.022) (.015)

Notes :

a )

b )

c )

In case 1, marginal costs fall in all industries according to equation (24) and the estimates in
table 5. In case 2, marginal costs fall only in the four statistically significant industries in
table 5.  In case 3, marginal costs do not change.
EU-8 consists of Belgium, Denmark, France, Germany, Ireland, Italy, the Netherlands, and
the United Kingdom. These countries all have the same external tariff and hence the same
compensating variation.  

Compensating variation is expressed as a percentage of the listed region's 1992 income.
Standard errors are in parentheses and expressed in percentages. For example,
compensating variation for our 14 importers in case 1 is estimated to be the equivalent of
0.14% of 1992 income with a standard error of 0.035%.
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benefit. While the welfare gains are estimated to be small, it is interesting that the largest

gains accrue to Japan and the smallest gains accrue to the United States.

Standard errors appear in parentheses. For our 14 importers, the welfare gain of 0.14

percent is estimated to have a standard error of 0.035 percent (t = 3.86). That is, the CVi

are estimated with only modest precision. To our knowledge, the reporting of standard

errors on general equilibrium welfare gains is a first. Standard errors translate the tension

between the data and the model into uncertainty about the gains from trade liberalization.

Table 6 reports the two other marginal cost cases as well. As expected, there is a clear

ranking of welfare gains across cases. The CVi are largest for case 1 where marginal

costs fall in all industries, second largest for case 2 where marginal costs fall only in four

industries, and smallest in case 3 where marginal costs do not change.

Table 7 shows the scenario of eliminating 1992 tariffs among all 36 trading partners.

The average tariff (including discriminatory internal tariffs) for all 36 exporters was 5

percent in 1992. However, this average disguises the very high tariff rates in many of the

poorer countries such as India and Argentina. Since tariffs are much higher for this group

than for our 14 importers, the gains from trade liberalization are much larger. Table 7

shows that the size of the gains depends critically on the extent to which marginal costs

are estimated to fall. Consider first case 1 where trade liberalization induces decreases in

marginal costs in all industries. The worldwide gains are 5.2 percent, which is much larger

than the gains when only our 14 importers liberalize. The countries that in 1992 were still

heavily committed to import-substitution such as India and Argentina stand out as the big

winners. Their E[CVi] are above 10 percent. The gains to other middle-income countries

in Latin America and Asia are also striking. Even the United States gains by 3.8 percent

(t = 6.10). Interestingly, the United States gains less than almost every other country.

Hong Kong with its zero tariffs gains the least (3.3 percent, t = 5.27).

The gains from trade liberalization are much smaller in cases 2 and 3 where induced

reductions in marginal costs are smaller. Indeed, when marginal costs are not allowed to

fall (case 3), the worldwide gains fall to only 2.0 percent (t = 42.07). Likewise, the gains
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Table 7. Compensating Variation for Worldwide Tariff Elimination

Marginal Cost Changes In:

Case 1: Case 2: Case 3:

All Industries Stat. Sig. Industries No Industries
Region       E[CV i ]      Std. Err.      E[CV i ]    Std. Err.      E[CV i ]    Std. Err.

36 Exporters 5.2 .61 4.1 .35 2.0 .05
14 Importers 3.9 .62 2.7 .35 0.6 .02

North America 4.0 .62 2.8 .36 0.7 .08
Mexico 5.4 .62 4.2 .37 2.1 .19
Canada 4.4 .62 3.3 .35 1.2 .03
U.S.A. 3.8 .62 2.6 .35 0.5 .01

Europe 3.9 .62 2.7 .35 0.6 .03
Austria 4.7 .62 3.6 .35 1.5 .02
Portugal 3.9 .62 2.7 .34 0.6 .04
Spain 3.9 .62 2.7 .34 0.6 .04
Sweden 4.1 .62 3.0 .35 0.9 .02
EU-8 3.9 .62 2.7 .35 0.6 .02
Greece 3.9 .62 2.7 .35 0.6 .02
Finland 4.0 .62 2.9 .35 0.8 .02
Norway 3.8 .62 2.6 .35 0.5 .03

Latin America 8.5 .60 7.4 .34 5.4 .06
Argentina 10.6 .59 9.5 .33 7.5 .06
Brazil 8.7 .61 7.7 .37 5.7 .11
Chile 6.8 .60 5.6 .34 3.6 .05
Venezuela 6.7 .60 5.5 .34 3.5 .04
Ecuador 6.4 .60 5.2 .34 3.2 .03

Asia 7.4 .61 6.3 .35 4.3 .06
India 14.4 .57 13.3 .36 11.4 .14
Thailand 8.2 .60 7.0 .35 5.0 .11
Sri Lanka 7.2 .60 6.1 .34 4.1 .05
Indonesia 6.5 .60 5.3 .34 3.2 .09
Malaysia 6.1 .61 5.0 .34 2.9 .04
Korea 6.1 .61 4.9 .35 2.9 .08
Japan 3.9 .62 2.8 .35 0.7 .02
Singapore 3.6 .63 2.4 .36 0.3 .04
Hong Kong 3.3 .62 2.1 .35 0.0 .00

Other
Tunisia 8.0 .59 6.9 .33 4.9 .05
Morocco 7.8 .61 6.7 .36 4.7 .09
New Zealand 4.9 .61 3.8 .35 1.7 .02
Australia 4.5 .61 3.3 .34 1.2 .07

Notes : See notes to table 6.
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for our 14 importers fall to only 0.6 percent (t = 25.60). What this means is that the large

gains in case 1 stem mainly from the lower marginal costs associated with lower tariffs.

These large gains are certainly consistent with the view that liberalized trade in East Asia

has provided incentives for these countries to improve production efficiency and to pass

on these efficiency gains to other countries via lower prices and higher exports.

An interesting feature of the table is the very small standard errors for case 3. This

means that most of the statistical uncertainty comes from our estimates of the θg rather

than the σg. Lai and Trefler (2002, pp. 23–25) discuss the reasons for this.

D. Output Changes

The gains from trade just reported are large. However, they are probably lower bounds

on the worldwide gains implied by the monopolistic competition model. Although we

have used GMM to endogenize the Qjt so that the level and international distribution of

production is endogenous, the only way this shows up in the estimates of compensating

variation is via the estimates of the σg. It does not show up as increased varieties Ngjt in

equation (20).

We can easily extend our model to allow for variety gains, but have chosen not to. The

reason for this is indicative of the main theme of this paper. In the CES monopolistic

competition model with its strong agglomerative forces, tariff liberalization causes the

production of varieties to be concentrated in just a few jurisdictions (Krugman 1980;

Puga 1999). To date, econometric models have had little to say about which jurisdiction

will agglomerate. While we could follow the CGE lead and assume that there will be

no agglomeration (e.g., Harris 1984), our aim throughout this paper is to find a balance

between theory and data that leans more heavily towards data. Since we are unable to

establish this balance in the case of agglomeration, we have nothing new to contribute to

estimating variety effects and thus shy away from the topic. This decision is in line with

our main contribution of finding a new balance between theory and data when it comes
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to estimating welfare gains.12

7. The Third Goal: Does the Model Do Violence to the Data?

Until now the paper has dealt primarily with our related goals of estimating elasticities of

substitution and welfare gains from trade. The analysis was conducted on the assumption

that the CES monopolistic competition model is correctly specified. For the remainder of

the paper we turn to our final goal of questioning this claim. Figure 1 above painted a

picture of a model that performs remarkably well. Is this really the case or are the results

being driven by unexpected features of the data or model? It is to this question that the

full weight of econometric sensitivity analysis can be brought to bear.

By way of contrast, in the CGE literature there is no way one can formally compare

the performance of one model with another. Calibration ensures that all models fit the

data exactly. (For a balanced discussion of this point, see Dawkins et al. 2001.) Model

comparison can be done in the econometric-based international trade literature, but rarely

is. We now turn to filling this gap.

To test for mis-specification we use the non-nested P test (Davidson and MacKinnon,

1981). In this section we drop g subscripts and work at the aggregate manufacturing level.

Let h superscripts index hypotheses and let xh
ijt be the vector of explanatory variables that

explain imports under hypothesis h:

Hh : ln Mijt = βhxh
ijt + εh

ijt.

For example, xh
ijt may be bilateral distance. We will discuss the xh

ijt in more detail shortly,

but first we need to translate our setting into the P test setting. We assume that εh
ijt =

12We can and have estimated variety effects without agglomeration as follows. Let N0
gj be the number of

varieties under free trade. Assume with (Harris, 1984, p. 1023) that all countries experience proportionate
increases in the number of varieties. Mathematically, assume that N0

gj = κgNgjt for some constant κg. Under

this assumption, our expression for CVi changes from CVi = 1 − Π28
g=0xgi to CVi = 1 − Π28

g=0κ
αg/(1−σg)
g xgi.

Thus, all we have to do is estimate the κg. This is easily done using exactly the same methodology as in
the equation (23) marginal cost regressions, but with the dependent variable now the number of varieties
(proxied by output) rather than marginal costs. We have already done this and obtained precise estimates of
the κg. Thus, the only reason we do not report estimates of variety effects is that the usual CGE assumption
N0

gj = κgNgjt is inconsistent with agglomeration.
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ρhεh
ij,t−1 + νh

ijt where the νh
ijt are independently and identically distributed (i.i.d.) normal

disturbances with mean αh. (αh is the intercept so that xh
ijt does not include a vector of

ones.)

The P test requires i.i.d. residuals. To this end, transform the model by defining

Xh
ijt(ρh,βh) ≡ ρh ln Mij,t−1 + βh(xh

ijt − ρhxh
ij,t−1).

Then hypothesis h can be re-written as

Hh : ln Mijt = Xh
ijt(ρh,βh) + νh

ijt. (29)

The null hypothesis (the CES monopolistic competition model) can be re-written in a

similar form:

H0 : ln Mijt = X0
ijt(σ,ρ0,β0) + ν0

ijt. (30)

where13

X0
ijt(σ,ρ0,β0) = ρ0 ln Mij,t−1 + β0

[
ln sitΦijt(σ)Qjt − ρ0 ln si,t−1Φij,t−1(σ)Qj,t−1

]
.

The basic idea of a non-nested test is to form an artificial nesting regression

ln Mijt = (1− γh)X0
ijt(σ,ρ0,β0) + γhXh

ijt(ρh,βh) + residuals (31)

and test for γh = 0. Davidson and MacKinnon (1981) suggest that γh be estimated as

follows. First, estimate equation (29) using maximum likelihood. Let X̂h
ijt be the value

of Xh
ijt evaluated at the ML estimates of (ρh,βh).14 Second, estimate equation (30) using

maximum likelihood.15 Let X̂0
ijt be the value of X0

ijt evaluated at the ML estimates of

13Notice that we allow for a slope β0 in front of sitΦijt(σ)Qjt, something that we have not allowed before.
The idea is that since the alternative hypotheses to be considered impose no constraints on their βh slope
vectors, they have ad hoc degrees of freedom with which to overfit the data. Clearly, the null must also be
allowed a small degree of overfitting if model comparison is to be meaningful.

14We use the ML estimator that drops the first observation after differencing. See the discussion of column
6 in table 2.

15We first estimate σ using the methodology behind our baseline table 2. In particular, we use σ̂ = 5.94
which is the ML estimate for a model with no GLS or fixed effect corrections, but with an AR(1) correction.
This is the same specification as in column 4 of table 2, but with no GLS correction. We then plug this σ̂ into
equation (30) and estimate (ρ0,β0). Evidence from grid searches on σ suggest that this two-stage procedure
comes very close to a one-stage procedure.
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(σ,ρ0,β0). Third, linearize X0
ijt around the ML estimates of (σ,ρ0,β0) to obtain X0

ijt = X̂0
ijt +

a∂X̂0
ijt/∂(σ,ρ0,β0) where ah is a 1 × 3 parameter vector. Manipulating equation (31) by

substituting in X̂0
ijt, X̂h

ijt and the linearization yields16

ln Mijt − X̂0
ijt = ah

∂X̂0
ijt

∂(σ,ρ0,β0)
+ gh[X̂h

ijt − X̂0
ijt] + residuals. (32)

Fourth, use OLS to estimate ah and gh. Davidson and MacKinnon show that the t-statistic

for gh = 0 is asymptotically equivalent to a test of γh = 0. This is their non-nested P test.17

We consider the following models or Xh
ijt:

1. The Distance Model: Xh
ijt = [ln Dij, (ln Dij)2] where Dij is the population-weighted

distance between major cities in countries i and j. Data on Dij were kindly supplied

by Werner Antweiler.

2. The Income-Similarity Model: Xh
ijt = [ln

YitYjt
Yit+Yjt

, ln
yityjt

(yit+yjt)/2 ] where Yit is country i’s

income and yit is PPP-adjusted per capita GDP from Summers and Heston (1991).

3. The Endowments Model: Xh
ijt = [| Hit

Lit
− Hjt

Ljt
| , | Kit

Lit
− Kjt

Ljt
|] where Li is country i’s

population, Hi is the population that completed high school, and Ki is capital stock.

Data are in part from Summers and Heston (1991) and Barro and Lee (1993).

4. The Endowments-MC Model: Xh
ijt = [| Hit

Lit
− Hjt

Ljt
| × ln(sitQjt), | Kit

Lit
− Kjt

Ljt
| × ln(sitQjt)].

This model follows from the Evenett and Keller (2002) observation that the interac-

tion of monopolistic competition and factor endowments offers a better explanation

of trade than either one separately.

5. The Naive Tariff Model: Xh
ijt = ln τijt.

16Dropping subscripts and superscripts where ever possible, equation (32) is derived from equation (31)
as follows: ln M = (1−γ)X0 + γXh = X0 + γ(Xh −X0) ≈ X0 + γ(X̂h − X̂0) ≈ X̂0 + a∂X̂0/∂(σ,ρ,β) + γ(X̂h −
X̂0) or ln M − X̂0 = a∂X̂0/∂(σ,ρ,β) + γ(X̂h − X̂0).

17On a minor note, we have not included fixed effects in either the null or alternatives. If added, these
would appear in X̂h

ijt and X̂0
ijt. With 504 fixed effects, there are so many free parameters that X̂h

ijt − X̂0
ijt

always has some explanatory power just from the fixed effect terms alone. Restated, the hypothesis of
mis-specification with 504 fixed effects can rarely be rejected.
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Table 8. Non-Nested Hypothesis Testing (Specification Testing)Table 8.  Non-Nested Hypothesis Testing (Specification Testing)

Non-Nested P -Statistic Correlations of lnM ijt

with its prediction

Total Within Between

Model (1) (2) (3) (4) (5)

2.23 12.94 * 0.30 0.00 0.28

10.62 * 6.44 * 0.73 0.62 0.74

-0.07 11.57 * -0.29 0.29 -0.33

-0.44 11.19 * 0.03 0.35 0.00

-0.13 12.10 * 0.02 -0.12 0.05

0.71 0.37 0.72

Notes :
a )

b )

c )

d )

Each row of column 1 reports the test of whether the CES monopolistic competition model is
mis-specified against the indicated alternative. For example, the CES monopolistic competition
model is mis-specified against the alternative of the income-similarity model (P = 10.62). *
indicates mis-specification at the 1% level.

Each row is an alternative hypothesis. D ij is the weighted distance between major cities in
countries i and j , Y it is country i 's GDP, y it is i 's per capita GDP, H it is i 's population that
completed high school,  L it  is i 's labour force, and K it is i 's capital stock.

The 'Correlations' columns report the correlation between ln (M ijt ) and its predictor

X h (ρh ,βh ) where X h  is described in the 'Model' column.

Mis-Specification 
of the CES-MC 

Model

Mis-Specification 
of Alternative 

Models

Each row of column 2 reports the test of whether the indicated model is mis-specified against
the CES monopolistic competition alternative. For example, the distance model is mis-specified
against the alternative of the CES monopolistic competition model (P = 12.94). * indicates mis-
specification at the 1% level. 

The Distance 
Model

The Income-
Similarity 

The 
Endowments 

The 
Endowments-

The Naïve Tariff 
Model

ln (s it Φijt Q jt )
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Column 1 of table 8 reports the P-statistics for mis-specification of the CES monopolistic

competition model against each of the listed alternative models. For example, P equals

2.23 for the test of whether the CES monopolistic competition model is mis-specified when

the alternative is the distance model. The reported P-tests have a t-distribution which,

given the large number of observations, is essentially normal. Given what is likely the

low power of the test, it is best to use a high cut-off of 1 percent. From column 1, the

CES monopolistic competition model is correctly specified against the distance model, the

endowments model, the endowments-MC model, and the naive tariff model. The CES

monopolistic competition model is only mis-specified against a single alternative. This is

the income-similarity model (P = 10.62). Thus, the CES monopolistic competition model is

only mis-specified against an alternative model featuring trading-partner similarity in income and

per capita income. It is not mis-specified against any other alternative.

We have puzzled over why the CES model is only mis-specified against the income-

similarity model. After all, each model would seem to be explaining different and import-

ant features of the data. The answer can be found by looking at the correlations between

ln Mijt and its predictions. From column 3 of table 8, the correlations are by far the highest

for the income-similarity model (0.73) and the CES monopolistic competition model indic-

ated in the bottom row (0.71).18 One can decompose such correlation into the correlation

within country pairs and the correlation between country pairs. Within-country-pair

correlations capture the evolution of trade flows over time. The between-country-pair

correlations capture the differences in trade flows across country pairs. From column

4, the income-similarity model has by far the highest within country-pair correlation.

This is not hard to interpret. Trade flows are sensitive to business cycle conditions. The

income-similarity model, with its GDP terms, is the model that best captures these Keynesian

income dynamics. The flip side of this is that the CES monopolistic competition model does

poorly at explaining cyclical trade movements.

Returning to issues of model mis-specification, we can also reverse the question asked.

18In row 6, Φijt is evaluated at σ̂ = 5.94. See footnote 15 above. When evaluated at our table 2 baseline
specification, the correlation rises to 0.95 =

√
0.88.
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To what extent are other models commonly considered in the literature mis-specified?

This is easily answered by reversing the roles of H0 and Hh in table 8, letting Hh be the

monopolistic competition model and letting H0 be the hypothesis indicated in the ‘Model’

column. For example, P equals 12.94 for the test of whether the distance model is mis-

specified when the alternative is the CES monopolistic competition model. The surprising

result is that all of the models are mis-specified against the CES monopolistic competition

alternative. See column 2. These include the distance model (P = 12.94), the endowments

model (P = 11.57), the endowments-MC model (P = 11.19), the naive tariff model (P =

12.10) and even the income-similarity model (P = 6.44). Thus, all the models that commonly

appear in the literature are mis-specified against the CES monopolistic competition alternative!

8. Conclusions

As currently implemented, the workhorse econometric models of international trade

(monopolistic competition, Heckscher-Ohlin, and gravity) do not rigorously incorporate

product prices into their estimating equations. This is a major defect because in these

models the benefits of trade liberalization operate primarily through complex price terms

that capture key behavioural responses and general equilibrium feedbacks. We rigorously

modelled these complex price terms within the framework of the CES monopolistic com-

petition model. In particular, we accomplished three tasks.

First, we used ML and GMM methods to provide dynamically consistent, general

equilibrium estimates of elasticities of substitution. These elasticities capture the core

behavioural responses of consumers to price changes and so are central for thinking

about trade liberalization. The elasticities should prove useful to future researchers. For

example, our static estimates of σ of around 5 and dynamic estimates of around 8 are

much lower than the σ = 15 used by Brown and Stern (1989) and σ = 20 used by Wei

(1996).

Second, with the help of these elasticities we estimated a compensating variation

measure of both the static and dynamic gains from trade liberalization. Uniquely, these
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estimates are accompanied by standard errors. We estimated that the compensating

variation associated with worldwide tariff elimination is between 2.0 percent (s.e. = 0.05)

and 5.2 percent (s.e. = 0.61) of world income, depending on the weight given to dynamic

mechanisms. In particular, what matters crucially is the extent to which tariff reductions

induce plants and industries to reduce marginal costs.

Third, we employed a barrage of specification tests to examine the extent to which the

model does violence to the data. This is crucially different from CGE modelling where

the model always fits the data perfectly. We found strong evidence of the importance

of AR corrections. We also argued that static explanations of bilateral fixed effects (such

as distance) may be missing important dynamic elements. We found similarly strong

evidence that one cannot estimate elasticities of substitution without paying attention to

the endogeneity of tariffs, marginal costs, and output. This led us to distinguish between

short-run and long-run elasticities of substitution. Finally, we examined the CES mono-

polistic competition model for evidence of mis-specification against a variety of alternat-

ive models e.g., distance, income-similarity, and factor endowments. We found evidence

that the model was well-specified except against the income-similarity alternative. This

led us to further observations about possible mis-specification of income elasticities in the

CES monopolistic competition model.

This paper will help reinstate a larger – though not exclusive – role for econometrics

in tackling questions about the welfare gains from trade. Econometrics offers a more

satisfying balance between the theory and the data than is available from other methods.
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Appendix

Appendix A. The Maximum Likelihood Estimator

We derive the likelihood function for a single industry and therefore drop the g subscripts.
We also set the δij = 1 in order to minimize notation. Reintroducing the δij is trivial. Define
εij ≡ (εij1, . . . , εij5)′. Then

Eεijε
′
ij = Ωij ≡

(sisj)2ωη2

1− ρ2


1 ρ · · · ρ4

ρ 1 · · · ρ3

...
... . . . ...

ρ4 ρ3 · · · 1

 (A 1)

Further, Ω−1
ij ≡

[
(sisj)ωη

]−2
Ψ where Ψ is a 5 × 5 matrix with a diagonal band of (1,1 +

ρ2,1 + ρ2,1 + ρ2,1), with bands just above and below the diagonal containing −ρ, and with
zeroes elsewhere. It is straightforward to show that

ε
′
ijΩ

−1
ij εij =

1
(sisj)2ωη2

[
(1− ρ2)ε2

ij1 +
5

∑
t=2

ν2
ijt

]
. (A 2)

where νijt = εijt − ρεij,t−1. Note that this is one of several ways of stating that we are
working with the residual vector

ε′ijΩ
1/2
ij =

(√
1− ρ2 εij1, νij2, . . . , νij5

)
/
[
(sisj)2ωη2

]
. (A 3)

To develop the objective function recall that εijt = ln Mijt − ln sitΦijt(σ)Qjt − λij and
define yijt ≡ ln Mijt, xijt(σ) ≡ ln sitΦijt(σ)Qjt, ∆ρyijt ≡ yijt − ρyij,t−1, and ∆ρxijt(σ) ≡
xijt(σ)− ρxij,t−1(σ). Then the sum of squared errors is

SSE(σ,ρ,ω,η,{λij}∀ij) =
14

∑
i=1

36

∑
j=1

(sisj)−2ωη−2 (A 4)

×

[
(1− ρ2)

[
yij1 − xij1(σ)− λij

]2 +
5

∑
t=2

[
∆ρyijt −∆ρxijt(σ)− (1− ρ)λij

]2] .

The NLS estimator minimizes SSE. The ML estimator minimizes the loglikelihood func-
tion:

£(σ,ρ,ω,η,{λij}∀ij) = −(5× 504/2) ln η2 − 5ωΣ14
i=1Σ36

j=1 ln(sisj) + (504/2) ln(1− ρ2)

−SSE(σ,ρ,ω,η,{λij}∀ij)/2 .
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As a computational matter we work with the concentrated SSE and the concentrated £
e.g.,

£c(σ,ρ,ω,η) = max
{λij}∀ij

£(σ,ρ,ω,η,{λij}∀ij).

The maximizing value of the fixed effects is given by19

λML
ij =

(1 + ρ)(yij1 − xij1(σ)) + Σ5
t=2
[
∆ρyijt −∆ρxijt(σ)

]
(1 + ρ) + (1− ρ)(5− 1)

. (A 5)

To obtain the ML estimator with the first observation eliminated (column 6 of table 2),
delete the equation (A 4) term (1 − ρ2)

[
yij1 − xij1(σ)− λij

]2, replace the year total of 5
with 4, and trivially recompute λML

ij .

Appendix B. GMM

This section describes the GMM estimator of equation (14). Re-write this equation using
the first difference operator ∆ to obtain

∆yijt = ρ∆yij,t−1 + ∆∆ρxijt(σ) + ∆νijt t > 2 . (A 6)

The concern about endogeneity is that ∆yij,t−1 and ∆∆ρxijt(σ) are correlated with ∆νijt.
Consider the moment restrictions in equation (15), namely, Eyijs∆νijt = 0 for s =
1, . . . , t − 2 and t > 2. Following a suggestion about differencing in Arellano (1989),
we base our instruments on the following linear transformation of the moment restric-
tions: Eyij1∆νij3 = 0, Eyij1∆νij4 = 0, E∆yij2∆νij4 = 0, Eyij1∆νij5 = 0, E∆yij2∆νij5 = 0,
and E∆yij3∆νij5 = 0. These translate into the following instrument matrix for the three
observations (t = 1982, 1987, and 1992) corresponding to country pair (i,j):

Zy
ij ≡

 yij1 0 0 0 0 0
0 yij1 ∆yij2 0 0 0
0 0 0 yij1 ∆yij2 ∆yij3

 . (A 7)

From equation (16), another set of moment restrictions is E∆ρxijs∆νijt = 0 for s =
1, . . . , t − 2 and t > 2. Applying a similar linear transformation as before while recog-
nizing that the lack of availability of xij0 makes ∆ρxij1 and ∆∆ρxij2 unavailable leads to the
following linear transformation of the moment restrictions: Exij1∆νij3 = 0, Exij1∆νij4 = 0,
E∆ρxij2∆νij4 = 0, Exij1∆νij5 = 0, E∆ρxij2∆νij5 = 0, and E∆∆ρxij3∆νij5 = 0. The use of

19It is of interest to note that the effective degrees of freedom per (i,j) pair is given by the denominator of
this expression so that if ρ is close to 1 the effective degrees of freedom is 2. That is, the greater is the serial
correlation, the smaller is the effective degrees of freedom.
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differences ∆∆ρxij3 rather than levels ∆ρxij3 is endorsed by (Sevestre and Trognon, 1996,
page 129). These transformed moment restrictions translate into the instrument matrix

Zx
ij ≡

 xij1 0 0 0 0 0
0 xij1 ∆ρxij2 0 0 0
0 0 0 xij1 ∆ρxij2 ∆∆ρxij3

 . (A 8)

Finally, when the xijt are exogenous we have the additional moment restrictions
E∆ρxijs∆νijt = 0 for s = t − 1, t and t > 2. This leads to the moment restric-
tions E∆∆ρxij3∆νij3 = 0, E∆∆ρxij3∆νij4 = 0, E∆∆ρxij4∆νij4 = 0, E∆∆ρxij3∆νij5 = 0,
E∆∆ρxij4∆νij5 = 0, and E∆∆ρxij5∆νij5 = 0 which in turn translate into the instrument
matrix

Zx′
ij ≡

 ∆∆ρxij3 0 0 0 0 0
0 ∆∆ρxij3 ∆∆ρxij4 0 0 0
0 0 0 ∆∆ρxij3 ∆∆ρxij4 ∆∆ρxij5

 . (A 9)

We can now define the GMM objective function. When the xijt are exogenous define

Zij as Zij =
[

Zy
ij Zx′

ij

]
. When the xijt are endogenous define Zij as Zij =

[
Zy

ij Zx
ij

]
.

Let Z be the stacked Zij. Z has 1,512 rows (36 exporters × 14 importers × 3 years) and
12 columns. Let ∆ν be the stacked residuals. The GMM estimator minimizes ∆ν′PZ∆ν

where PZ ≡ ZANZ′, AN ≡ 36 × 14(ΣijZ′
ijΩZij)−1 and Ω is a (3 × 3 matrix with twos on

the diagonal, minus ones on the first subdiagonals and zeroes otherwise. Ω is the GLS
correction for the fact that E(νijt − νij,t−1)2 = 2Eν2

ijt = 2η2 and E(νijt − νij,t−1)(νij,t−1 −
νij,t−2) = −Eν2

ij,t−1 = −η2 where η2 is defined in equation (10) (with ω = 0).

Appendix C. Estimates of σg By Industry

Table 9 reports the ML results by industry for the baseline specification in column 1 of table
2. The σ̂g are all greater than unity as required by the theory. While there is no strikingly
obvious pattern to the size of the σ̂g, there is a clear pattern to the fit of the model. Table
9 is sorted by the correlation between ln Mgijt and ln sitΦgijtQjt. Industries with small
correlations appear at the bottom of the list. These industries, such as footwear, have such
small correlations that it is hard to believe that the CES monopolistic competition model
is relevant for them. Consequently, it is unlikely that their σ̂g are meaningful.

In contrast, industries at the top of the list have very high correlations. These include
industries such as machinery and chemicals. By and large, table 9 supports the view
that the model works well for industries that are best characterized by monopolistic
competition and the model works poorly elsewhere.

39



Table 9. Estimates by Industry
Table 10. Estimates by Industry

ML Estimator

ISIC      σg    Std. Err.

    (1)    (2) (3)

382 Machinery, Non-electric 7.29 0.31 0.80
385 Instruments 6.27 0.51 0.77
351 Industrial Chemicals 4.12 0.43 0.75
390 Misc. Manufacturing 1.52 0.78 0.74
383 Elec. Mach. & Electronics 5.35 0.40 0.73
381 Fabricated Metal Products 4.57 0.51 0.72
352 Pharmaceuticals etc 2.66 0.55 0.72
372 Non-ferrous Metals 14.57 0.53 0.71
311 Food Products 2.55 0.48 0.70
321 Textiles 2.82 0.57 0.69
323 Leather Products 3.14 0.78 0.68
356 Plastic Products 3.82 0.44 0.66
384 Transport Equipment 2.38 1.42 0.64
369 Clay & Cement Products 5.07 0.48 0.62
322 Apparel 2.85 0.42 0.61
362 Glass Products 4.27 0.58 0.60
331 Wood Products 2.35 0.74 0.59
342 Printing & Publishing 1.16 0.79 0.57
313 Beverages 2.51 0.47 0.56
371 Iron & Steel 2.82 0.73 0.55
355 Rubber Products 5.15 0.68 0.52
332 Furniture 6.24 0.73 0.50
361 Pottery & China 5.51 0.60 0.49
341 Pulp & Paper 3.31 0.92 0.47
324 Footwear 5.04 0.55 0.41
314 Tobacco 2.02 0.22 0.29
353 Petroleum Refineries 5.40 1.39 0.20
354 Misc. Petro & Coal Prods. 9.11 0.54 0.18

Correlation of 
ln(M gijt ) with 
ln(s it Φgijt Q gjt )

Notes : Each specification is in logs with AR(1), fixed effect, and GLS corrections. The
specification is identical to the baseline specification in column 1 of table 2.

Appendix D. Constructing Marginal Costs

In constructing the cgj the biggest problem is capital stock data. These were constructed
using a 10-year double declining balance method applied to deflated gross fixed capital
formation. We chose 10 years because it is the longest permitted by the data, which only
go back to 1963 i.e., to 10 years before our 1972 start date. Brazilian data were used to
impute capital stock data for Argentina. In view of the poor 3-digit ISIC capital stock
data, we had concerns about the quality of the 3-digit cgj. To address this we averaged the
3-digit cgj with manufacturing level cgj. Using obvious notation, the manufacturing level

data are cMj ≡ w
θ̃Mj
Mj r

1−θ̃Mj
Mj /TFPMj and the measure of marginal costs used in this paper

is √cgjcMj = (wgjwMj)
θ̃gj/2(rgjrMj)

(1−θ̃Mj)/2/(TFPgjTFPMj)1/2. We are indebted to Susan
Zhu for putting together the marginal cost data.
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