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Abstract

A large class of models with CES utility and iceberg trade costs are now known to generate
isomorphic “gravity equations.” Economic interpretations of these gravity equations vary in terms
of two basic elements: the exporter’s “mass” variable and the elasticity of trade with respect
to true ad valorem “trade costs.” In this paper, we offer three potential contributions. First,
we formulate and estimate a structural gravity equation based on the standard Krugman model of
monopolistic competition and increasing returns. In the context of this model, a key parameter, the
elasticity of substitution in consumption (σ), can be estimated precisely – even without observable
true ad valorem trade-cost measures – using exporter’s population and observable variables that
influence trade costs. Second, in the empirical context of the well-known McCallum Canadian-U.S.
“border puzzle,” our approach – allowing estimation of σ – yields considerably different general
equilibrium comparative static trade-flow and economic welfare effects than those in an Armington
endowment economy and assumed values of σ. Moreover, our predicted trade flows and GDPs
are highly correlated with their respective observed values in the case of bilaterally symmetric or
asymmetric Canadian-U.S. border effects. Third, a Monte Carlo analysis confirms unbiased and
precise estimates of all coefficients, the elasticity of substitution, and comparative statics using our
approach.
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1 Introduction

For a half century, the “gravity equation” has been used to estimate econometrically the ex post partial

(or direct) effects of economic integration agreements, national borders, currency unions, language,

and other measures of trade costs on bilateral international trade flows, cf., Anderson (2011) and

Bergstrand and Egger (2011) for recent surveys. While two early formal theoretical foundations for

the gravity equation with trade costs – first Anderson (1979) and later Bergstrand (1985) – addressed

the role of “multilateral prices,” Anderson and van Wincoop (2003) refined the theoretical foundations

for the gravity equation to emphasize the importance of accounting properly for the endogeneity of

prices in a structural gravity model. Eaton and Kortum (2002), Melitz (2003), Helpman, Melitz, and

Rubinstein (2008), and Chaney (2008) refined theoretical foundations further for firm heterogeneity

in productivity and zero trade flows. As Eaton and Kortum (2002) and Arkolakis, Costinot and

Rodriguez-Clare (2011) note, there is a large class of models with constant-elasticity-of-substitution

(CES) preferences, iceberg trade costs, and complete specialization that generate isomorphic gravity

equations.

In Anderson and van Wincoop (2003), or AvW, a complete derivation of a standard Armington

(“conditional,” in AvW terms) general equilibrium endowment-economy model of bilateral trade in a

multi-region (N > 2) setting with one good per region and iceberg trade costs suggests that traditional

cross-section empirical gravity equations have been misspecified owing to the omission of theoretically-

motivated nonlinear multilateral price terms for exporting and importing regions. Their model yields

the bilateral trade “structural” gravity model allowing asymmetric bilateral trade costs (ABTC):

Xij =
YiYj
YW

t1−σ
ij

Π1−σ
i P 1−σ

j

, where Π1−σ
i =

N∑
j=1

Yj
YW

t1−σ
ij

P 1−σ
j

, P 1−σ
j =

N∑
i=1

Yi
YW

t1−σ
ij

Π1−σ
i

, (1)

where Xij is the nominal trade flow from region i to region j, Yi (Yj) is the nominal GDP in i (j),

YW is world GDP, tij is one plus the iceberg trade costs (the latter expressed as an ad valorem rate)

on goods exported from i to j, and σ is the elasticity of substitution in consumption. In the special

case of symmetric bilateral trade costs (SBTC), tij = tji, the system of equations (1) reduces to:

Xij =
YiYj
YW

t1−σ
ij

P 1−σ
i P 1−σ

j

, where P 1−σ
i =

N∑
j=1

Yj
YW

t1−σ
ij

P 1−σ
j

. (2)

Owing to the nonlinearities in both sets of structural relationships, AvW employ a nonlinear least
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squares (NLS) program for estimation, focusing on equations (2) with SBTC. In the absence of observ-

able measures of tij , AvW assume t1−σ
ij = d

(1−σ)ρ
ij e[(1−σ) ln bUS,CA]Borderij where dij is bilateral distance,

Borderij is a dummy variable with a value of 1 (0) if the two regions are separated by a national

border, σ, ρ, and ln bUS,CA are unknown parameters, and e is the natural log base. Consequently, the

system of equations does not permit identification of σ separately from ρ and ln bUS,CA.
1 Hence, for

general equilibrium comparative static estimates, they assume values of σ. Moreover, all estimation

of parameters and calculation of comparative statics were conducted under the assumption of SBTC,

even though many bilateral trade costs are asymmetric. For instance, based on bilateral tariff data

from the Global Trade Analysis Project (GTAP) on 67 countries in 2001, there is large heterogeneity

bilaterally in tariff rates. Fifty-eight percent of the bilateral tariff rates are asymmetric; moreover, the

asymmetry can be as large as 150 percent.2

Eaton and Kortum (2002), or EK, introduced an alternative Ricardian framework to generate a

structural gravity equation where the key parameter, θ, governs the heterogeneity in firms’ produc-

tivities (or comparative advantages):

Xij =
TiYj(witij)

−θ∑N
k=1 Tk(wktkj)−θ

, (3)

where Ti is an index of country i’s “state of technology” and wi is labor’s wage rate.
3 While preferences

are also modeled using CES utility, the elasticity of substitution in consumption (σ) does not have

a role in determining equilibrium bilateral trade flows. The structure of the model implies that the

key parameter for estimation (and subsequently for comparative statics) is the supply-side measure of

firm heterogeneity (θ). To identify θ, EK used two alternative approaches, one using retail price data

and another using wage data.4

However, as Arkolakis, Costinot, and Rodriguez-Clare (2011) note, the perfect competition models

in AvW and EK and the monopolistic competition models in Krugman (1980) and Melitz (2003)

are all in a broad class of models sharing Dixit-Stiglitz preferences, one factor of production, linear

cost functions, complete specialization, and iceberg trade costs. Arkolakis, Costinot, and Rodriguez-

1Of course, this issue generalizes for any number of determinants of t1−σ
ij .

2Balistreri and Hillberry (2007) first showed that allowing for asymmetric bilateral trade costs influences the results
of estimating the Canadian-U.S. “border effect.”

3For conciseness, we ignore intermediate goods in this specification, a component of the original EK model.
4In one approach, they employed cross-country disaggregate retail price price level data to approximate bilateral ad

valorem trade costs (tij). Assuming commodity price arbitrage, the maximum difference between two countries’ prices for
similar goods bounds ad valorem bilateral trade costs. Second, they used wage rate data (and alternatively instruments
for wi) to estimate θ. Using wage rate data (wage instruments), EK found an estimate for θ of 2.86 (3.60). Using the
disaggregated price data and the commodity-price-arbitrage condition, EK found estimates of θ ranging between 2.44
and 12.86 depending upon OLS or two-stage least squares estimation.
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Clare (2011) show that if three “macro-level” restrictions hold, then all four models share a common

estimator of the gains from trade – which depends only the the import-penetration ratio and a gravity-

equation-based estimate of the “trade-cost” elasticity of trade flows (of which σ is a measure of in

many models).

In this paper, we first formulate a structural gravity equation based on Krugman’s (1980) monopo-

listic competition and increasing returns to scale (MC-IR) model as an alternative framework to AvW

and EK for estimating gravity-equation coefficients, the elasticity of substitution in consumption (σ),

and general equilibrium comparative statics, allowing ABTC.5 We show in the context of this model

that σ (the key parameter for welfare analysis) can be identified precisely – even without observable

ad valorem trade-cost measures. The reason is that the exporter’s absolute factor endowment – re-

lated to the number of varieties produced – helps identify (or “pin down”) individual exporters’ price

levels (pi), which allows identification of σ (not possible in the AvW framework). In reality, unlike

in the AvW framework with one good per region, most regions produce a variety of products and

evidence suggests that the number of varieties/producers – that is, the extensive margin of varieties

produced per region – is related to the absolute factor endowment size of the region, cf., Bernard,

Jensen, Redding, and Schott (2009).6

Second, in the empirical context of the well-known “McCallum border puzzle,” we apply our

approach for estimating gravity-equation coefficients, the elasticity of substitution, and general equi-

librium comparative statics. Since our estimated σ differs from the one assumed in AvW, our general

equilibrium comparative statics differ significantly from those in AvW. However, our estimate of ap-

proximately 7 is in the middle of the range of typical estimates for σ of 5-10 discussed in Anderson

and van Wincoop (2004).

Third, we use a Monte Carlo analysis to confirm precise and unbiased estimates of all coefficients,

the elasticity of substitution, and general equilibrium comparative statics using our approach, even in

small samples. We also demonstrate using this analysis that the comparative static effects on trade

flows of a given trade-cost change can be very sensitive to the elasticity of substitution, with such

5As noted above, AvW could only assume values for σ. Waugh (2007) also notes the importance of asymmetric
bilateral trade costs for explaining observed bilateral trade flow patterns and relative price and real per capita income
differences between countries.

6An earlier related paper to ours is Lai and Trefler (2002), which examines using panel data the MC-IR model. With
regard to model specification issues, Lai and Trefler find that the MC-IR model works well, explaining about 78 percent
of the variation in bilateral (aggregate manufacturing) trade flows and they also use their model to estimate welfare
effects of tariff liberalizations. Our approach also has parallels to Redding and Venables (2004), where the authors derive
a gravity equation based upon the MC-IR model. They estimate the model and the predicted trade flows are then used
to construct market-access and supply-access variables, which are then used (as generated regressors) in a wage (per
capita income) equation to explain sources of wage variation. They do not address comparative statics, estimation of
any nonlinear price terms, nor estimation of the elasticity of substitution.
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effects for σ = 10 more than 40 times those for σ = 3. We show that our approach and the AvW

approach under ABTC can also be used for general equilibrium comparative statics for real economic

variables, such as economic welfare. However, these results are very sensitive – even qualitatively – to

σ, providing further motivation for finding a technique that identifies σ precisely.

The remainder of this paper is as follows. Section 2 presents the well-known Krugman MC-IR

model to derive a structural gravity model that allows estimation of the elasticity of substitution

(given consistently estimated gravity equation parameters) and of comparative static effects. Section

3 provides an empirical analysis of our approach and compares it to the results from other approaches,

including AvW, in the well-known context of the McCallum Canadian-U.S. border puzzle. Section 4

presents Monte Carlo results demonstrating – in the absence of specification and measurement error –

that we can obtain precise and unbiased estimates of the elasticity of substitution and of comparative

statics using our approach. Section 5 concludes.

2 Methodology

In section 2.1, we summarize the Krugman MC-IR model and describe the structural gravity equation

it implies. In section 2.2, we show how to use the approach to estimate the elasticity of substitution

in consumption, general equilibrium comparative static trade-flow effects of a reduction in trade costs,

and economic welfare effects of trade-cost reductions (i.e., the “gains from trade”).

2.1 The Monopolistic Competition-Increasing Returns Model

2.1.1 Aggregate Bilateral Trade Flows

Following Krugman (1980), we assume there exists a single industry where preferences are constant-

elasticity-of-substitution (CES). We assume iceberg transport costs and symmetric firms within each

region, and hence all products in region i sell at the same price, pi. As in Krugman (1980) and Feenstra

(2004), the value of aggregate bilateral exports from region i to region j, Xij , equals nipitijcij , where

ni is the number of firms (varieties produced) in i, tij ≥ 1 are ad valorem iceberg trade costs, and cij

is demand in j for output of each firm in i. As standard, Xij is determined by:

Xij = ni

(
pitij
Pj

)1−σ

Yj , where Pj =

[
N∑
i=1

ni(pitij)
1−σ

] 1
1−σ

(4)
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which is identical to equation (5.26) in Feenstra (2004, p. 153). We assume the tij ’s are the true –

but empirically unobservable – ad valorem trade costs.

2.1.2 Production

The assumption of a monopolistically competitive market with increasing returns to scale in production

(internal to the firm) and a single factor (labor) is sufficient to identify the exporting region’s number

of varieties. The representative firm in region i is assumed to maximize profits subject to the workhorse

linear cost function:

li = α+ ϕyi, (5)

where li denotes labor used by the representative firm in country i, yi denotes the output of the firm, α

denotes the labor requirement necessary to setup a firm, and ϕ denotes the amount of labor necessary

to produce one unit of output. We assume that these labor requirements are homogeneous across all

countries, as standard in the Krugman MC-IR model.

Two conditions characterize equilibrium in this class of models. First, profit maximization ensures

that prices are a markup over marginal costs:

pi =
σ

σ − 1
ϕwi, (6)

where wi is the wage rate in country i and ϕwi determines the marginal cost of production.7 Second,

under monopolistic competition, zero economic profits in equilibrium ensures:

yi =
α

ϕ
(σ − 1) = y, (7)

so that the output of each firm in each country is the same (yi = y). An assumption of full employment

of labor in each region ensures that the size of the exogenous factor endowment, Li, determines the

number of firms/varieties (the extensive margin), using equation (7):

ni =
Li

α+ ϕiy
=

Li

ασ
. (8)

7The wage rate in country 1 serves as the numéraire.
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2.1.3 The Gravity Equation

We can now formulate an (estimable) gravity equation. First, the trade flow from i to j is a function of

GDPs, labor endowments, and trade costs. With labor being the only factor of production, Yi = wiLi

or wi = Yi/Li. Using equations (6) and (8), we can substitute σϕwi/(σ− 1) for pi and Li/(ασ) for ni

in equation (4) and substitute Yi/Li for wi in the resulting equation. Allowing bilateral trade flows to

be measured with multiplicative error ϵij , this yields:

Xij = YiYj
(Yi/Li)

−σt1−σ
ij∑N

k=1 Yk(Yk/Lk)−σt1−σ
kj

ϵij ⇒
XijYW
YiYj

=
YW (Yi/Li)

−σt1−σ
ij∑N

k=1 Yk(Yk/Lk)−σt1−σ
kj

ϵij . (9)

Second, the deterministic part of stochastic equation (9) is identical to the gravity equation in

Feenstra (2004, p. 154) with GDPs and prices, after noting that Yi/Li is proportional to the producer

price pi.
8 However, a missing element in equation (9) is the market-clearance (or multilateral trade-

balance) condition, as in AvW or EK. Market-clearance is ensured by assuming N equations:

Yi =
N∑
j=1

Xij i = 1, ..., N. (10)

Hence, our structural gravity model is based on equations (9) subject to equations (10). The latter

allows solving for N endogenous GDPs, Yi; because of this, we can later assess how well the solutions

for Yi in the model (Ŷi) “match” the corresponding observed data on GDP (Yi).
9

Finally, we note three results. First, the system of equations (9) subject to equations (10) allows

ABTC. Second, all endogenous variables (Xij , Yi, and Yi/Li) have observable values for initial con-

ditions. Third, since ni is proportional to observable Li and wi is pinned down by Yi/Li, then pi

(proportional to wi) is identified, which was not possible in the AvW model.

8Moreover, this equation is isomorphic to equation (3) above from EK.
9We are grateful to a referee for this suggestion. In our empirical work later using bilateral trade flows among 10

Canadian provinces and 30 U.S. states, we note now that our 40 observed (or actual) GDPs (Yi) will not match our
40 endogenous predicted GDPs (Ŷi) owing to multilateral trade imbalances. In the spirit of Dekle, Eaton, and Kortum
(2007), we will also generate later endogenous predicted GDPs and trade flows (including predicted trade flows with
ROW ) to calculate a correction for these imbalances to demonstrate whether or not our general equilibrium comparative
static estimates for trade flows and economic welfare are sensitive to such imbalances.
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2.2 Estimating the Elasticity of Substitution in Consumption and General Equi-

librium Comparative Statics

While AvW focused on structural estimation of equations (2) using an NLS program, the literature

since then has adopted as a norm (in the absence of zeros in trade flows) the estimation of a log-linear

form of their equation for Xij in (2) using region-specific fixed effects for the nonlinear multilateral

price terms to avoid omitted variables bias and ensure consistent gravity equation coefficient estimates.

In the context of our model above, replacing Yi(Yi/Li)
−σ and

Yj∑N
k=1 Yk(Yk/Lk)−σt1−σ

kj

in equation (9) with

exporter and importer fixed effects, respectively, yields the log-linear gravity equation:

lnXij = λ+ ηi + ζj + (1− σ) ln tij + uij , (11)

where uij = ln ϵij and one would substitute observable bilateral trade-cost variables to proxy for the

unobservable bilateral ad valorem trade-cost variable tij .
10

Few have gone further to compute general equilibrium (GE) comparative statics. The two notable

studies that estimated GE comparative statics are AvW and EK. AvW did not provide a method to

solve for σ in their framework; for comparative statics they simply assumed a range for σ from 2 to 20.

EK instead estimated their key structural parameter, θ, a Ricardian index of product heterogeneity

on the supply side, using alternatively price and wage rate data discussed earlier. EK found estimates

of θ ranging from 2 to 13.

2.2.1 Estimating σ

There are three alternative ways to estimate σ here, and we denote them Methods 1, 2, and 3 :

Method 1: If ad valorem bilateral tariff rates and cif-fob ratios were correctly measured, σ

could be estimated directly as a parameter on the true observable ad valorem bilateral trade costs

(tij), even with exporter and importer fixed effects.11 However, most gravity models do not use such

measures. Moreover, it is well known that ad valorem bilateral cif-fob ratios and tariff rates are

prone to considerable measurement error; see Anderson and van Wincoop (2004) and Hummels and

Lugovskyy (2006) on the former and Fisman and Wei (2004) and Javorcik and Narcisco (2008) on the

latter.

Method 2: In a structural version of our model’s equations (9) and (10), σ may be estimated as

a parameter on potentially observable Yi/Li without observable values of tij . However, given equation

10For instance, as noted earlier, AvW assumed (1− σ) ln tij = (1− σ)ρ ln dij + [(1− σ) ln bUS,CA]Borderij .
11The term “cif-fob” ratios refer to bilateral trade flows measured “cost-insurance-freight” and “free-on-board.”
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(9) proper estimation would require using observed values of Yi/Li to estimate σ in the first step of an

iterative process, then updating endogenous Yi from solving equation (10), estimating σ again, updat-

ing Yi again, etc., until convergence is achieved.12 Yet, such a procedure may yield biased estimates

of σ owing to correlation of the error terms with observed Yi/Li. To ensure consistent estimation of

parameters in the first stage, one would need exporter and importer fixed effects. However, in that

case, Yi/Li would be subsumed in the exporter’s fixed effect, precluding estimation of σ.

Method 3: We suggest an approach that allows unbiased and precise estimates of σ (and then of

general equilibrium comparative statics) allowing ABTC. Estimation of equation (11) using observable

determinants of bilateral trade costs generates estimates t̂1−σ
ij .13 We can then utilize the structure of

the model ex post to generate an estimate of σ. Substituting t̂1−σ
ij in equation (9) to generate X̂ij ,

t̂1−σ
mj in its analogue to generate X̂mj , and taking the resulting equations’ ratio implies:

X̂ij

X̂mj

=
Yi
Ym

(
Yi/Li

Ym/Lm

)−σ t̂1−σ
ij

t̂1−σ
mj

⇒ σ̂ = −

ln
 X̂ij

X̂mj

Ym
Yi

t̂1−σ
mj

t̂1−σ
ij

 / ln

(
Yi/Li

Ym/Lm

) , (12)

where Yi, Ym, Li and Lm are observable also.14 We can then calculate N2(N − 1) such values of σ by

using all combinations i, j, and m (m ̸= i). In our empirical investigation later using the Canadian-

U.S. border-puzzle data set with N = 40 regions, this results in 402(40 − 1) = 62, 400 values. As

a measure of central tendency, we use the median value of σ as our (summary) estimate, since the

distribution of σ estimates is skewed to the right in that context (and the mean is slightly higher than

the median). Standard errors for σ are obtained via bootstrapping.15

The advantage of Method 3 over Methods 1 and 2 is that t̂1−σ
ij is estimated without bias from its

possible correlation with region-specific omitted variables as the estimates are obtained from (11) with

i-specific and j-specific fixed effects. In the remainder of the paper, we use Method 3 for computing

σ̂.16

12This procedure can be done with or without the correction for multilateral trade imbalances.
13For instance, in the AvW context, t̂1−σ

ij would be determined by the exponentiated value of ̂[(1− σ)ρ] ln dij +

̂[(1− σ) ln bUS,CA]Borderij .
14Alternatively, we can use the predicted Y s from the model. We show in our empirical results that the correlation

coefficient between observed and predicted Y s is 0.992.
15Standard errors for all other parameters are the analytical standard errors of the corresponding models. However,

the bootstrapped standard errors of those parameters are very similar to the analytical ones.
16The Monte Carlo analysis later will demonstrate in the absence of measurement and specification errors that all

parameter estimates and comparative statics using Method 3 are unbiased and precise.
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2.2.2 Comparative Statics Methodology

In the next section, we will estimate gravity-equation coefficients, elasticities of substitution, and two

comparative static effects, the GDP-scaled nominal trade flow (
XijYW

YiYj
) and the economic welfare (EVi)

effects of a change in trade costs. For our “Suggested Model” (MC-IR), the comparative static effect

on GDP-scaled nominal trade flows in percent is:

∆
XijYW
YiYj

= 100

 [Y c
W (Y c

i /Li)
−σ̂(t̂1−σ

ij )c]/[
∑N

k=1 Y
c
k (Y

c
k /Lk)

−σ̂(t̂1−σ
kj )c]

[YW (Yi/Li)−σ̂(t̂1−σ
ij )]/[

∑N
k=1 Yk(Yk/Lk)−σ̂(t̂1−σ

kj )]
− 1

 . (13)

where we let ∆
XijYW

YiYj
denote a percentage change (deleting henceforth “hat” notation for Xij and Yi).

The corresponding equivalent variation for country i (EVi, in percentage change) is defined as:

EVi = 100

Y c
i /[

∑N
k=1 Y

c
k (Y

c
k /Lk)

−σ̂(t̂1−σ
ki )c]

1
1−σ̂

Yi/[
∑N

k=1 Yk(Yk/Lk)−σ̂(t̂1−σ
ki )]

1
1−σ̂

− 1

 . (14)

3 Empirical Evidence

We now apply our technique to actual data on trade flows, populations, GDPs, bilateral distances, and

dummy variables for national borders. We consider a well-known empirical context: the U.S.-Canadian

“border puzzle” case as examined in AvW. We will address it in the presence of either symmetric or

asymmetric bilateral trade costs. In section 3.1, we re-estimate the same specifications addressed in

that literature, initially assuming SBTC (as assumed there). We show that – if coefficient estimates are

identical from the first stage (using fixed-effects parameter estimation) – then our approach and AvW’s

lead to identical comparative static effects if the elasticity of substitution is assumed to be the same.

However, if one uses the estimated elasticity generated using Method 3 in our approach, significantly

different comparative statics result. In section 3.2, we allow bilaterally asymmetric (direct) border

effects for Canada and the United States, resulting in some different findings relative to those under

SBTC.

3.1 Symmetric Canadian-U.S. National Border Barriers

In this section, we present the results of re-evaluating the Canadian-U.S. “border puzzle” empirical

analysis retaining the assumption of SBTC but using alternative estimation techniques: traditional

ordinary least squares (OLS), the Baier and Bergstrand (2009, 2010) linear approximation methods

(BV-OLS-1 and BV-OLS-2 ), AvW using non-linear least squares (NLS), AvW using fixed effects in

9



estimation, and our “Suggested (MC-IR) Model” (also using fixed effects in estimation and following

Method 3 for estimating σ). All data on Canadian-U.S. trade flows, GDPs, bilateral distances, and

border dummies are from James Anderson’s website. The only other variable needed was populations

of Canadian provinces and U.S. states; these data came from Statistics Canada and the U.S. Census

Bureau, respectively. We assume that t1−σ
ij = d

(1−σ)ρ
ij e[(1−σ) ln bUS,CA]Borderij where dij is symmetric

bilateral distance between the economic centers of regions i and j, Borderij is a dummy variable with

a value of 1 (0) if the two regions are separated by a national border, and σ, β and ln bUS,CA are

unknown parameters.

Hence, our OLS specification refers to:

ln
XijY

W

YiYj
= λ+ [(1− σ)ρ] ln dij + [(1− σ) ln bUS,CA]Borderij + uij , (15)

with all variables and parameters defined earlier. BV-OLS-1 and BV-OLS-2 refer to the linear

approximation method introduced for estimating gravity equations with multilateral price terms in

Baier and Bergstrand (2009). In this method, linear approximations of the (exogenous components

of the) nonlinear multilateral price terms in AvW are introduced as exogenous RHS variables in

estimation, and general equilibrium comparative statics of trade flows can be approximated allowing

for multilateral influences. Specifications using BV-OLS-1 employ simple averages of the exogenous

bilateral resistance terms, whereas specifications using BV-OLS-2 employ GDP-weighted averages of

the bilateral resistance terms. As explained in Baier and Bergstrand (2010), parameter estimates are

expected to be less biased using BV-OLS-1 than BV-OLS-2 because the simple-weighted averages in

BV-OLS-1 work similar to region fixed effects. However, comparative static estimates using BV-OLS-

2 are likely to approximate non-linear estimates better due to the GDP weights, as discussed in Baier

and Bergstrand (2009, 2010). SBTC-AvW NLS refers to the nonlinear estimation of equation (2),

after substituting in bilateral distance and the border dummy, as in AvW (2003). SBTC-AvW Fixed

Effects refers to a specification similar to equation (15) above, but including fixed effects terms ηi and

ζj as in equation (11) earlier; multilateral prices Pi are calculated as in AvW using a nonlinear solver

(following equation (2)). Finally, for our Suggested (MC-IR) Model, we also estimate parameters

first using the same fixed-effects specification as above; predicted trade flows, GDPs, prices, and the

elasticity of substitution are calculated for our MC-IR approach as described earlier.

Table 1 presents four panels with the alternative estimation techniques described across columns

(2)-(7). In the four panels, we provide coefficient (parameter) estimates of the gravity equation,
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correlation coefficients of observed and predicted trade flows and GDPs (for our approach), GDP-

scaled nominal trade-flow comparative statics, and – for the AvW and MC-IR approaches – (real)

economic welfare comparative statics. In the top panel, we have estimates of the coefficients for

bilateral distance ((1− σ)ρ), the border dummy ((1− σ) ln bUS,CA), and – only for our MC-IR model

in column (7) – of σ. We start with the results in column (2). As expected, the coefficient estimates

for OLS in column (2) are biased, owing to the absence of multilateral price terms (or fixed effects).

Coefficient estimates using BV-OLS-1 in column (3) are essentially the same as those using fixed

effects estimations for AvW in column (6) and for our model in column (7) as expected. Also as

expected, coefficient estimates using BV-OLS-2 are biased. And those for AvW using NLS are biased

– as in AvW (2003) – whenever trade costs are correlated with the region-specific error components.

In column (7), the estimate of σ is 6.982. This value is in the middle of the range of typical estimates

of σ of 5-10, as suggested in Anderson and van Wincoop (2004). Note the R2 values are highest in

columns (6) and (7) using fixed effects and are lowest using OLS and AvW with NLS due to correlated

errors.

The second panel reports correlation coefficients between observed and model-predicted (GDP-

scaled) nominal trade flows and between observed and predicted GDPs for our approach. Two results

are worth noting. First, the highest correlation coefficient estimate between observed and predicted

trade flows is for our suggested MC-IR model at 0.808. Interestingly, the next highest correlations are

for the two BV-OLS approaches. Second, only our MC-IR method allows GDPs (and per capita GDPs)

to be endogenous in the benchmark equilibrium so that we can report a correlation coefficient between

observed and predicted values for our model. As noted in column (7), the correlation coefficient for

observed and predicted GDPs from our model is extremely high at 0.992, providing strong evidence

of the relevance of our model, even without adjustment yet for multilateral trade imbalances.17

The third panel reports the estimates of the (GDP-scaled) nominal trade-flow comparative statics

from all the models. The most interesting result from this panel concerns the “Intra-US trade” and

“Intra-Canadian trade” comparative statics. Our prior would be that the elimination of the border

would decrease intra-national trade and increase international trade. In Table 1, only our MC-IR

approach and the two BV-OLS approaches predict decreases in intra-national trade and increases in

international trade. Assuming SBTC, both AvW using NLS and using fixed effects predict increases

in international trade but increases in intra-national trade, suggesting that the income effects of trade

liberalization in these approaches dominate the price effects (captured by Pi and Pj).

17The low values for the trade-flow correlation coefficients for the AvW approach are attributable to non-linearities
embedded in the calculations of Pi and Pj .
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The fourth panel reports the estimates of the (real) economic welfare comparative static effects of

removing the border. The difference in welfare effects between the two AvW techniques is attributable

to different parameter estimates, not to different σ’s (assumed equal to 5 in both). The AvW NLS

parameter estimates are likely biased by correlated errors, whereas the AvW fixed effects parameter

estimates are not. However, the difference between the AvW fixed-effects welfare effects and the

MC-IR model’s welfare effects is due primarily to differing σ’s. Our model uses a higher estimated

elasticity of about 7, whereas the AvW fixed-effects model assumed σ = 5. Consequently, as expected,

the welfare effects estimated by our model are lower.18

3.2 Asymmetric Canadian-U.S. National Border Effects

In this section, all specifications allow the direct (or partial) effect of the national border to be

bilaterally asymmetric. To accomplish this, we introduce separate dummy variables and coefficients

for the border’s effect on U.S. imports from Canada and on Canadian imports from the United States.

Other than this change, Table 2’s format is the same as Table 1’s, except that we add a column (8)

of numbers associated with estimating the robustness of our results to allowing for multilateral trade

imbalances in our sample, which we discuss later.

The top panel in Table 2 reports the estimates of the coefficients for bilateral distance ((1− σ)ρ),

the impact of the border on U.S. imports from Canada ((1− σ) ln bUS), and the impact of the border

on Canadian imports from the United States ((1 − σ) ln bCA). The first result is that the border’s

direct effect is considerably asymmetric; this notable difference holds across all specifications. The

direct trade-reducing effect of the Canadian-U.S. border is much larger for Canadian imports from

the United States relative to U.S. imports from Canada. However, the distance coefficient estimates

are identical to those in Table 1.

The second panel reports estimates of correlation coefficients between observed and predicted

(GDP-scaled) nominal trade flows and between observed and predicted GDPs for our model. First,

we find that the highest correlation coefficient estimate between observed and model-predicted trade

flows is for the suggested MC-IR model in column (7) at 0.810, consistent with the finding in Table

1. As before, the next highest correlation coefficient is for BV-OLS-2. Second, as in Table 1, the

correlation coefficient estimate is very high for GDPs using our model (0.992), shown in column (7).

By design, GDPs as predicted by the model in column (8) are perfectly correlated with observed GDPs

18Note in Table 1 that the higher U.S. and Canadian welfare effects for model 6 relative to model 7 are due to a lower
σ in model 6. However, the higher U.S. and Canadian welfare effects for model 5 relative to model 6 are due to a larger
direct (border) effect in model 5.
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(in the benchmark equilibrium) when accounting for multilateral trade imbalances; we discuss this in

more detail shortly.

The third panel reports the estimates of the (GDP-scaled) nominal trade-flow comparative statics

from all the models. The most interesting result from this panel again concerns the “Intra-US trade”

and “Intra-Canadian trade” comparative statics. Our prior is that the elimination of the border would

decrease intra-national trade and increase international trade. In Table 2, our MC-IR approach, the

two BV-OLS approaches, and the AvW approach using fixed effects predict increases in international

trade and decreases in intra-national trade. Only the AvW approach using NLS predicts increases

in intra-national trade. However, the quantitative differences between the estimates of comparative

static effects of the preferred AvW model (in this case, AvW using fixed effects) and the MC-IR model

remain economically quite significant.

The fourth panel reports the estimate of the (real) economic welfare comparative static effects of

removing the border. The difference in welfare effects between the two AvW techniques is attributable

to different parameter estimates, not to different σ’s (assumed equal to 5 in both). The AvW NLS

parameter estimates are as before likely compromised by correlated errors, whereas the AvW fixed

effects parameter estimates are not. However, the difference between the AvW fixed-effects welfare

effects and our model’s welfare effects is due solely to differing σ’s. Our model under ABTC estimates

an elasticity of approximately 7.1, whereas the AvW fixed-effects model assumed σ = 5. We discuss

this in more detail below.

Finally, we note one more specification in Table 2, labeled (8). In reality, observed GDPs of any

province or state i would not likely equal observed internal absorption plus exports, due to multilateral

trade imbalances (MTIs). Hence, market-clearing condition (10) is likely violated in reality, which

potentially influences all comparative statics. Ideally, it would be simple to account for this influence

using observed MTIs for each region i (MTIi). However, as AvW note, although data exist for

Canadian provinces’ trade flows with ROW implying observable MTIs for the provinces, no such data

exists for U.S. states trade with the ROW , precluding observed MTIs for U.S. states.19

Hence, we adjust for MTIs in the following way to generate a set of comparative statics where

predicted GDPs equal exactly observed GDPs (satisfying market-clearing). Since we have data on

GDPs and populations and estimated values of σ̂ and t̂1−σ
ij for all region-pairs including province and

state trade flows with ROW , we can predict Xij for all region-pairs including every region’s trade with

ROW using (9). Using these X̂ij , we can compute estimates of MTIi using M̂TIi =
∑

j X̂ij−
∑

j X̂ji.

19See the discussions in footnote 22 on page 181 and Appendix A of AvW.
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We then add M̂TIi to each region i’s market-clearing condition (10) to eliminate any violations (in

the benchmark equilibrium).20 We then re-estimate the (GDP-scaled) nominal trade flows for the

benchmark equilibrium and all trade-flow and economic welfare comparative statics. We note three

results in column (8). First, the predicted scaled trade flows in the second panel of Table 2 are not as

highly correlated with observed scaled trade flows as in our benchmark model, column (7). However,

by design, predicted GDPs are perfectly correlated with observed GDPs. Second, there are some minor

changes quantitatively in the comparative static trade-flow effects of eliminating the Canadian-U.S.

border with the adjustment relative to those in column (7), but the results are qualitatively the same.

Third, comparative static effects for welfare of eliminating the border are also qualitatively the same

in columns (7) and (8), but lower in column (8) than in column (7).

We summarize now the key findings from our empirical analysis under ABTC. First, coefficient

estimates for specifications (6), (7), and (8) in Table 2 are unbiased owing to the use of the exporter

and importer fixed effects. By allowing ABTC, the (partial) effects of a national border are different

for Canadian province imports from the United States relative to U.S. state imports from Canada.

Specification (7) is preferred because our MC-IR model allows estimation of the key parameter, the

elasticity of substitution (σ).21 Another notable finding is that the estimate of σ is higher than assumed

in the AvW models and only slightly higher than in column (7) of Table 1, where we assumed SBTC.

We will use a Monte Carlo analysis in the next section to show that our methodology generates

unbiased and precise estimates of σ.

Second, the MC-IR model in column (7) (or (8)) allows real GDPs to be estimated in the benchmark

and counterfactual equilibria, whereas the other approaches use observed real GDPs in the benchmark.

Nevertheless, our model’s predicted real GDPs are highly correlated with observed real GDPs (0.992).

Moreover, the results hold up qualitatively when adjusted for multilateral trade imbalances.

Third, in the presence of ABTC, all the specifications in Table 2, with the exception of AvW using

NLS, yield economically plausible trade-flow changes in responses to elimination of the Canadian-U.S.

border. Intra-national trade flows decline in both countries (except using AvW-NLS), more in Canada

than in the United States as expected. International trade flows increase in all specifications and by

plausible magnitudes.

Fourth, even more interesting is the difference between the MC-IR model and the two AvW

20Note that this approach has the additional advantage that the world trade balance is zero as
∑

i

∑
j X̂ij −∑

i

∑
j X̂ji = 0 when summed over all 41 regions including ROW .

21Specification (8) is slightly less preferred due to the lower correlation between predicted and observed scaled trade
flows, relative to specification (7).
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models in terms of the economic welfare effects. Specifications (6) and (7) share common (first-stage)

gravity-equation coefficient estimates, since both are estimated using exporter and importer fixed

effects. However, our approach, based on the MC-IR model, allows estimation of σ. There result

two substantive differences between the two specifications’ welfare effects in Table 2. For Canada,

eliminating the U.S. border improves welfare in Canada by much less using the MC-IR model with an

estimated σ of 7.1 than using the AvW model with an assumed σ = 5. This result is because, in the

AvW model with a lower elasticity of substitution, there is a greater “love-of-variety.” Consequently,

there is a larger welfare gain for Canada from lowering trade costs due to importing a larger volume

of highly differentiated goods from the United States.

The other substantive difference concerns the relative U.S. and Canadian economic welfare effects.

The differences can be explained by examining the equivalent variation (EV ) comparative-static for-

mula in equation (14). The change in welfare from abolishing the border barrier is the ratio of the

change in nominal income to the change in the price index. A fall in iceberg trade costs creates excess

labor supply, tending to lower nominal wages (relative to the numéraire). However, with lower trade

costs real income is higher, tending to raise demand, prices (p), and wages (w). Since Canada is a much

smaller economy than the United States and consequently relies much more on traded goods, Canada’s

wage rate (wCA) rises on net and its price index (PCA) falls, relative to their U.S. counterparts. Ac-

cordingly, both wCA and PCA react much more to abolishing the border than their counterparts in

the United States (wUS and PUS); smaller countries benefit relatively more from trade liberalization.

This effect is exacerbated with larger partial trade cost effects in Canada than in the United States

[ ̂(1− σ) ln bCA − ̂(1− σ) ln bUS < 0]. Moreover, the discrepancy of welfare gains in Canada relative to

the U.S. is larger the smaller is σ, due to the stronger love of variety and less elastic demand in that

case. For that reason, the difference in welfare gains of Canada relative to the United States is larger

in model 6 with an assumed σ = 5 than in model 7 with an estimated σ = 7.1.22

Finally, it would be useful to know if the economic welfare changes using the two alternative

approaches – fixed-effects AvW and our suggested approach – would be the same if the elasticities

were identical. However, that exercise requires comparing the two welfare estimates in a “laboratory”

setting. In the next section, we use a Monte Carlo analysis to show that estimates of σ, comparative

static trade-flow changes, and economic welfare comparative static effects are unbiased and precise

using our approach. Moreover, in this setting we show that – when both approaches use identical

22Of course, whether the comparative static effect on any endogenous variable is positive or negative in one country
on average (or in a given state or province) depends on the choice of the numéraire. Of interest effectively is the relative
difference in changes between U.S. and Canadian variables.
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elasticities of substitution – the welfare effects from trade-cost reductions are indeed identical.

4 Monte Carlo Analysis

Although fixed effects ensure unbiased estimates of gravity equation parameters, we need a Monte

Carlo analysis to confirm unbiased and precise estimates for σ using Method 3 and the associated

general equilibrium (GE) comparative statics using the MC-IR model in comparison to some other

models. The Monte Carlo analysis is able also to shed light on whether comparative static effects (of

bilateral trade flows or welfare) are sensitive to σ, in the absence of measurement and specification

error, for alternative models.

Among numerous results, we show that Method 3 provides unbiased and precise estimates of σ

and GE comparative statics. While the empirical findings of AvW suggested that nominal trade-flow

comparative statics were insensitive to the value of σ, our Monte Carlo analysis demonstrates that

this is not generally true. Trade-flow and economic welfare comparative static estimates appear highly

sensitive to the value of the elasticity of substitution, motivating the importance of a method providing

unbiased and precise estimates of σ. In fact, an incorrect value of σ in AvW can suggest even the

wrong direction of economic welfare estimates. Finally, irrespective of SBTC or ABTC, comparative

static effects of trade costs are biased when using linearized versions of AvW’s model, but the bias

declines as the number of countries in the world increases and the value of σ decreases.

4.1 Monte Carlo Design

We use alternative sets of parameter values described below to generate sets of all endogenous variables

in the MC-IR model – Xij , Yi, and Yi/Li – as functions of exogenous endowments Li, exogenous

bilateral trade costs gij , and the model’s parameters in the baseline equilibrium. This also determines

the endogenous variables in the AvW system in a baseline equilibrium. We then change exogenous

trade costs holding constant the model’s parameters and all endowments to obtain counterfactual

values for all endogenous variables in a “laboratory” setting.

We specify nine different configurations (or scenarios) of the world economy for robustness. We

consider three alternative values for σ ∈ {3, 5, 10} to allow us to study the role of “curvature” for esti-

mation of parameters, elasticities, and comparative statics.23 Moreover, we consider three alternative

sizes of the number of countries in the world, N ∈ {10, 20, 40}, to study the performance of alternative

23We set both α (the fixed cost in the production function) and ϕ (the labor unit input coefficient) to unity, without
loss of generality.
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techniques for estimation and comparative statics as sample size increases. This gives nine parameter

configurations.

For each of these configurations, we use 10 different draws from a set of empirical observations for

populations (as a proxy for endowments, Li) for 207 countries from World Development Indicators

(2003) and from measurable cif-fob ratios (as a proxy for tij), from the International Monetary Fund’s

Direction of Trade Statistics (2003). We assume true – but unobservable – bilateral trade costs, tij , are

determined as t1−σ
ij = g

(1−σ)ρ
ij , where gij is a cif-fob factor and assume arbitrarily ρ = 2 (without loss

of generality). Hence, employing gij does not allow for direct estimation of 1 − σ.24 Bilateral cif-fob

factors gij are drawn from empirical realizations of the cif-fob factors in the 25th-75th percentiles of

the empirical distribution for the same 207 countries.25 The 10 draws from these data along with the

nine parameter combinations generate 90 alternative baseline equilibria (9 scenarios × 10 draws per

scenario) of Xij and Yi (and, hence, Yi/Li) in the MC-IR model and of Xij , Yi, Π
1−σ, and P 1−σ

i in

the AvW model consistent with general equilibrium (before stochastic error terms are introduced).

For each of those 90 equilibria we determine a counterfactual equilibrium which corresponds to an

arbitrary alternative draw of gij (under SBTC or ABTC).

To each of the obtained 90 baseline configurations and equilibria, we add a stochastic error to

the bilateral trade equation (as in empirical gravity-equation settings). We do so independently

2, 000 times assuming random disturbances which are uncorrelated with the determinants of aggregate

nominal bilateral trade in the model and, alternatively, 2, 000 times assuming disturbances which are

correlated with trade costs. We can then estimate parameters and comparative static effects in Monte

Carlo simulations using 4, 000 runs per scenario, treating the 90 parameter configurations and equilibria

as fixed in repeated samples (totaling 360,000 simulations).

4.2 Error Structure

In equation (9) we introduced a multiplicative stochastic term ϵij , and in equation (11) defined the

log-additive disturbance term uij ≡ ln ϵij . The two alternative error structures in the Monte Carlo

simulations are specified as follows. In general, we assume that the error terms uij in the log-linearized

bilateral trade equations are given by uij = µi + νj + ξij .
26 In all cases, ξij is drawn from a normal

24The reason we chose this particular distribution is that it includes both bilaterally symmetric observations as well
as bilaterally asymmetric ones, which is not possible if we used instead bilateral distance (because dij = dji).

25In the interquartile range, the average cif-fob ratio is 1
N(N−1)

∑N
i

∑
j ̸=i gij = 1.196, the standard deviation of that

measure is 0.067, and the corresponding minimum and maximum are 1.010 and 1.455, respectively.
26An additive log-linear error term is conventional to the general-equilibrium-based literature on gravity-model esti-

mation, cf., Anderson and van Wincoop (2003). In particular, it seems to be a suitable assumption in the absence of
zero trade flows, as in our application. We have chosen to add the stochastic error term in only the trade flow equation.
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distribution with N (0, s2ξ) and sξ = 0.35sx, where sx denotes the standard deviation of true log

bilateral exports.27 First, we assume that the error terms (uij) are uncorrelated with the right-hand-

side variables. In the tables, this error structure is labeled “uncorrelated.” In this case, µi and νj are

each distributed as N (0, s2µ) with sµ = 0.15sx. Then, AvW’s iterative non-linear least squares (NLS)

estimation approach is consistent, as is fixed effects estimation. We made 2,000 draws for the error

terms under this structure. Second, we also consider an error structure where we know the uij are

correlated with the observable bilateral trade cost variable, gij .
28 In the tables, this error structure

is labeled “correlated.” In the latter case, AvW’s iterative NLS approach is inconsistent, but fixed

effects is consistent. We made 2,000 draws for the error terms under this structure also.

4.3 Monte Carlo Results Assuming Symmetric Bilateral Trade Costs

Table 3a reports information about true and estimated parameters from a gravity equation, where

we report the mean, standard deviation, and mean absolute error (MAE) of each parameter estimate

under the assumption that SBTC holds.29 The MAEs are reported as a percent of the true parameter

value. Since σ = 5 for all results in Table 3a, the findings pertain to 2, 000 draws for “world” sizes of

N ∈ {10, 20, 40} each.

Table 3b reports information about general equilibrium (GE) comparative static estimates. This

table provides information about the true and estimated percent changes of (GDP-scaled nominal

bilateral) trade flows and of real economic welfare (equivalent variation), in percent. As with parameter

estimates, we report the means, standard deviations, and MAEs of the true and estimated (GE)

comparative static effects across all country-pairs, Monte Carlo runs, and N -configurations at σ = 5,

corresponding to Table 3a. Since the true comparative static effects are already expressed in percent,

the MAEs in Table 3b are measured as an average absolute percentage point deviation from the true

comparative static percentage change. Both Tables 3a and 3b are divided horizontally into three

blocs of estimates, each corresponding to a different scenario of N . Supplemental tables for values of

σ ∈ {3, 10} are reported in the Appendix Tables A1a-A2b.

Tables 3a and 3b have 12 columns each. In Table 3a, column (1) lists the two parameters, (1−σ)ρ

GDP could potentially have measurement error as well. However, because we estimate the trade flow equation with
region-specific fixed effects, region-specific measurement error or correlation of trade costs with the region-specific error
components will not bias our parameter estimates.

27We scale the variance of the error term (ξ) to a fraction of the variance of exports (0.35) in order for the Monte
Carlo simulations of the gravity equations to have R2 values of approximately 0.65.

28To do this, we added ten times the average exporter-specific trade cost variable (gi. ≡ (1/N)
∑

j=1 gij) to the
respective µi and ten times the average importer-specific trade cost variable (g.j ≡ (1/N)

∑
i=1 gij) to the respective νj .

29Recall that one cannot solve for an estimate of σ in the AvW approach or in reduced forms.

18



and σ. In Table 3b, column (1) lists the two endogenous variables relevant for comparative static

estimates, the trade flow and the equivalent variation (EV ). Column (2) specifies the true values of

the parameters assumed in the simulations, (1 − σ)ρ = 8 and σ = 5 in Table 3a, and the true values

of the comparative static effects, ∆(XijYW /YiYj) and EVi, in Table 3b. Columns (3)-(12) provide

estimates of the parameters and comparative statics using various estimation techniques which we will

describe.30 For brevity, we discuss only the bottom third of each table, that is, the 40-country-world.

Columns (3) and (4) in Tables 3a and 3b present the estimates using traditional OLS gravity

equations ignoring entirely the role of endogenous prices; hence, this specification follows equation

(2) omitting region fixed effects for the Pi’s and Pj ’s, as in McCallum (1995).31 Columns (3) and (4)

present the OLS results assuming uncorrelated and correlated errors, respectively. The purpose of

these specifications is to confirm the extent of bias of traditional gravity-equation parameter estimates

when ignoring multilateral price terms as suggested by AvW, or even regions’ fixed effects. The

parameter-estimate bias is large under both error structures, and especially large under correlated

errors. Not surprisingly, in Table 3b the means of the trade-flow comparative static effects indicate

considerable bias and the MAEs are quite large.

Columns (5)-(8) provide estimates using linear approximations for lnP 1−σ
i and lnP 1−σ

j in the

log-transformed model of AvW as derived in Baier and Bergstrand (2009). In this method, linear

approximations of the (exogenous components of the) nonlinear multilateral resistance terms are in-

troduced as exogenous RHS variables and consequently comparative statics of trade flows can be

conducted, respecting multilateral resistances. Specifications (5) and (6) – labeled BV-OLS-1 – em-

ploy simple averages of bilateral trade costs for the multilateral price terms, whereas specifications (7)

and (8) – labeled BV-OLS-2 – employ GDP-weighted averages of bilateral trade costs for the multi-

lateral terms, the latter used in Baier and Bergstrand (2009). As explained in Baier and Bergstrand

(2010), coefficient estimates are expected to be less biased using BV-OLS-1 than BV-OLS-2 in Table

3a because the simple-weighted averages work similar to region fixed effects. Trade-flow comparative

static estimates are biased in the BV-OLS specifications in Table 3b because comparative statics are

based on linear approximations of the nonlinear price terms in AvW. However, the bias is small in the

40-country case using GDP-weighted averages in the linear approximations (BV-OLS-2 ) compared to

simple averages (BV-OLS-1 ), and the bias of BV-OLS-2 in particular diminishes as the number of

30Since only the structural MC-IR model can estimate σ, we leave the corresponding discussion until columns (11)
and (12) of Tables 3a and 3b.

31Consequently, there will be no EV comparative static estimates for the OLS results.
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countries in the world (N) increases.32

Columns (9) and (10) in Tables 3a and 3b present estimates using the NLS estimation procedure

used in AvW (2003), assuming uncorrelated errors in column (9) and correlated errors in column (10).

Since we are assuming SBTC, we estimate the AvW model as in (2) using NLS. Under uncorrelated

errors, column (9) reveals that the AvW coefficient estimates and comparative statics are unbiased.

The purpose of estimating the same model with correlated errors is to verify that the iterative SBTC-

AvW procedure actually used in AvW (2003) yields biased gravity-equation coefficient estimates and

comparative statics in the presence of such errors. Thus, if there exists any possibility in an empirical

application of correlated errors, one would be better off using region fixed effects in estimation and

then subsequently using a nonlinear solver for estimating comparative statics.

The final specifications in columns (11) and (12) are estimates using our (“Suggested”) structural

MC-IR model. First, parameters are estimated using fixed effects. Consequently, regardless of uncor-

related or correlated errors, these coefficient estimates are unbiased. Second, as discussed previously,

only the MC-IR approach generates an estimate of σ; columns (11) and (12) report unbiased and

precise estimates of σ using Method 3. Third, as shown in Table 3b, we find that both AvW’s (un-

correlated errors) approach and our approach deliver unbiased and precise estimates of comparative

statics. Of course, in AvW, we have assumed knowledge of the true σ = 5 whereas our approach

estimates σ. In sum, both AvW’s and our approach provide unbiased and precise parameter and

comparative static estimates, and ours also provides unbiased and precise estimates of σ.

Finally, in their sensitivity analysis for empirical results, AvW (2003) found their trade-flow com-

parative statics were insensitive to varying σ between 2 and 20. Our Monte Carlo analysis can be

used to examine the sensitivity of trade-flow and EV comparative statics to varying σ under labora-

tory conditions. Appendix Tables A1a-A1b and A2a-A2b provide comparable information to that in

Tables 3a-3b for values of σ ∈ {3, 10}. The notable finding is that the trade-flow and EV comparative

static estimates are highly sensitive to the value of the elasticity of substitution. For the 40-country-

world for a given trade-cost shock, the trade-flow elasticity is almost 200 percent for σ = 10 whereas

the trade-flow elasticity is only 5 percent for σ = 3; the former is 40 times the latter.33 Both the

comparative static trade-flow and the EV estimates vary considerably depending upon the value of

σ. The key difference here is that our approach estimates the value of σ and AvW uses an assumed

value. So if the true elasticity differs from the assumed one, our approach can capture this whereas

32The biases of BV-OLS-2 for trade-flow comparative statics also diminish as σ decreases.
33See Appendix Tables A1b and A2b at the mean of ∆

XijYW

YiYj
.
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the comparative static estimates from AvW will be biased.

4.4 Monte Carlo Results Assuming Asymmetric Bilateral Trade Costs

For asymmetric trade costs (ABTC), we summarize the findings from the Monte Carlo analysis in

Tables 4a and 4b. Table 4a reports information about true and estimated parameters from a gravity

equation as before, and Table 4b reports the comparative static estimates. For brevity, we assume

errors to be uncorrelated with trade costs in all the estimates, as the previous analysis explained the

impact of correlated errors. Also, in both AvW specifications – one using the approach based upon

equation (1) – labeled ABTC-AvW – and one using the approach based upon equation (2) – labeled

SBTC-AvW – we estimate the trade-cost parameter using country fixed effects (FE), since NLS and

FE will yield identical estimates with uncorrelated errors. Again, we focus on the bottom third of

each table, the 40-country-world.

For brevity, the main results from this Monte Carlo exercise are summarized. First, regarding

parameter estimates in Table 4a, the alternative methods perform comparably to their respective

counterparts for uncorrelated errors under SBTC in Table 3a. This is not surprising, even for SBTC-

AvW, since we have estimated the AvWmodel using region fixed effects. The MC-IR model permits an

unbiased and precise estimate of the elasticity of substitution, σ, for ABTC as well as SBTC. Second,

ABTC-AvW provides unbiased and precise estimates of trade-flow comparative statics – under the

assumption that we know the true value of σ (in Table 4b, the true σ = 5). However, we know from

the previous section that the trade-flow comparative static estimates will be much different if the

assumed value of σ is incorrect, and such trade-flow comparative statics can increase by as much as 40

times as the value of σ increases from 3 to 10. Third, Table 4b indicates that – when trade costs are

bilaterally asymmetric – only our method and ABTC-AvW (when σ is known) provide unbiased and

precise estimates of EV changes. However, as Appendix Tables 1b and 2b report, such comparative

statics are biased using AvW with an assumed value of σ different from the true one.

5 Conclusions

Theoretical foundations for estimating gravity equations were enhanced recently in Eaton and Kortum

(2002), Anderson and van Wincoop (2003), and Helpman, Melitz, and Rubinstein (2008). Though el-

egant and isomorphic, not all of the approaches provide unbiased estimates of the trade-cost elasticity,

a key parameter in computing general equilibrium comparative statics. We use the workhorse Krug-

21



man monopolistic competition and increasing returns model of trade to motivate estimating gravity

equation coefficients, the elasticity of substitution in consumption, and general equilibrium trade-flow

and economic welfare comparative statics. In applying our framework empirically to the well-known

McCallum “border-puzzle” as in Anderson and van Wincoop (2003), we generate an unbiased estimate

of the elasticity of substitution and economically plausible trade-flow and economic welfare compar-

ative statics that differ significantly from those provided using AvW’s technique (which assumes an

elasticity of substitution) and are sensitive to using bilaterally symmetric or asymmetric trade costs.

However, the paper has not addressed several issues, which should be examined in future research.

Notably, the model should be extended to incorporate heterogeneous productivities and fixed market

entry costs as in Melitz (2003) and zeros in trade flows as in Helpman, Melitz, and Rubinstein (2008).

Moreover, future work should extend the analysis to multiple sectors and multiple factors, subjects

also beyond the scope of the present paper.
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Table 1: Estimation results for the AvW data-set assuming symmetric border barrier effects

SBTC-AvW

Fixed Suggested

Estimates OLS BV-OLS-1 BV-OLS-2 NLS
Effects Model

(1) (2) (3) (4) (5) (6) (7)

Parameters

(1− σ)ρ -1.057 -1.261 -1.191 -0.788 -1.252 -1.252

(0.039) (0.043) (0.043) (0.032) (0.037) (0.037)

(1− σ) ln bUS,CA -0.714 -1.526 -1.317 -1.646 -1.551 -1.551

(0.058) (0.069) (0.068) (0.077) (0.059) (0.059)

σ − − − − − 6.982

(0.048)

R2 0.425 0.513 0.480 0.435 0.664 0.664

σ2 1.148 0.972 1.038 1.062 0.841 0.841

Correlation (corr.) of baseline predictions with data

XijYW

YiYj
(corr.) 0.324 0.716 0.788 0.374 0.684 0.808

Yi (corr.) − − − − − 0.992

Comparative static trade effects of border barrier abolition

(average change in percent; ∆
XijYW

YiYj
)

Intra-US trade 0.000 -17.363 -3.827 8.173 13.027 -5.140

Intra-CA trade 0.000 -82.030 -85.484 22.476 55.186 -52.248

Inter-trade 104.136 77.207 39.475 112.823 155.505 217.972

Comparative static welfare effects of border barrier abolition

(average equivalent variation in percent; EVi)

US − − − 1.428 1.179 0.973

CA − − − 39.654 23.105 12.577
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Table 2: Estimation results for the AvW data-set allowing for asymmetric border barrier effects

ABTC-AvW

Fixed Suggested Suggested

Estimates OLS BV-OLS-1 BV-OLS-2 NLS
Effects Model Model, MTI

(1) (2) (3) (4) (5) (6) (7) (8)

Parameters

(1− σ)ρ -1.058 -1.252 -1.191 -0.788 -1.252 -1.252 -1.252

(0.039) (0.037) (0.043) (0.008) (0.037) (0.037) (0.037)

(1− σ) ln bUS -0.540 -0.470 -0.151 -0.264 -0.470 -0.470 -0.470

(0.072) (0.046) (0.300) (0.173) (0.046) (0.046) (0.046)

(1− σ) ln bCA -0.891 -0.825 -2.485 -3.028 -0.825 -0.825 -0.825

(0.073) (0.047) (0.301) (0.104) (0.047) (0.047) (0.047)

σ − − − − − 7.101 7.101

(0.087) (0.087)

R2 0.431 0.664 0.485 0.435 0.664 0.664 0.664

σ2 1.137 0.841 1.028 1.062 0.841 0.841 0.841

Correlation (corr.) of baseline predictions with data

XijYW

YiYj
(corr.) 0.321 0.574 0.786 0.380 0.684 0.810 0.642

Yi (corr.) − − − − − 0.992 1.000

Comparative static trade effects of border barrier abolition

(average change in percent; ∆
XijYW

YiYj
)

Intra-US trade 0.000 -7.774 -3.831 85.796 -2.099 -2.548 -1.745

Intra-CA trade 0.000 -51.729 -85.510 33.540 -6.687 -36.486 -26.719

Inter-trade 107.227 27.479 41.183 160.630 28.218 60.624 119.291

Comparative static welfare effects of border barrier abolition

(average equivalent variation in percent; EVi)

US − − − -1.183 -0.394 0.519 0.409

CA − − − 28.667 10.917 6.764 2.417

Notes: The model in the last column controls for multilateral trade imbalances.
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