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Abstract

The inclusion of domestic (intra-national) trade when estimating structural
gravity models is an important topic and has been shown to solve empirical
puzzles such as the missing globalization puzzle (Yotov, 2022). Despite ef-
forts to construct intra-national trade data, its measurement still remains a
challenge, in particular for historical trade data. Campos et al. (2021a) re-
cently claimed that the exact definition of domestic trade flows (gross vs.
net production) is not important for the estimation of free trade agreement
(FTA) effects in a gravity framework: a surprising finding, since the size
differences between these measures are large, and their correlation of about
80%, while high, is not perfect. In a simulation framework, we revisit the
question of the (non)-importance of whether to include and how to measure
domestic trade and find some support for the conclusion of Campos et al.
(2021a) concerning the estimation of trade agreement or tariff effects. How-
ever, with regard to the point estimates, marked differences arise depending
on how domestic trade flows are calculated: the GDP-based domestic trade
flows clearly distort the coefficient estimates. Interestingly, using only inter-
national trade flows yields results that are unbiased and as precisely estimated
as those obtained when correctly measured (GO-based) domestic trade flows
are included. Depending on what effects researchers are interested in, the
basic gravity model without inclusion of domestic trade flows may thus be
the preferred alternative after all.
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1 Introduction

The structural gravity model is the workhorse empirical model to estimate the ef-
fects of trade barriers and trade liberalization efforts on trade flows and to calculate
their welfare consequences. While earlier specifications only included interna-
tional trade flows, more recently, the importance of also including domestic (intra-
national) flows has been stressed (Yotov, 2022). Whereas newest aggregate trade
data sets construct such domestic trade flows from IO tables, using gross produc-
tion and export values, many gravity specifications use proxies based on GDP, a
net production value, due to limited data availability, in particular with regard to
historical or developing country’s gross production values or IO tables. In this ar-
ticle, a simulation study is conducted to evaluate in how far the inclusion of such
proxies, or the omission of domestic trade flows, alters the coefficient estimates in
the gravity framework with a special focus on international trade policy variables,
such as free trade agreements (FTAs) or tariff policies.
Originally, the gravity model in economics was formulated as a direct analogue
to Newton’s theory of the forces attracting celestial bodies, and its empirical suc-
cess in explaining trade flows appeared mysterious, and maybe even annoying to
trade economists, given that the leading neoclassical trade models of comparative
cost advantage, the Ricardian model and the Heckscher-Ohlin model, fared rather
poorly when their predictions were put to the empirical test. However, at the same
time when the first article of a series that established the New Trade Theory was
published (Krugman, 1979), Anderson (1979) and later Eaton and Kortum (2002)
and Anderson and van Wincoop (2003) were able to show that the gravity equation
can be derived from trade-cost inclusive economic models both from the demand
and from the supply side. From these theoretical advances and the following lit-
erature building on them, new results of what should and should not be included
in a gravity equation emerged, often resulting in a solution for previously obtained
empirical puzzles.
One such empirical puzzle was the so-called missing globalization puzzle: the es-
timates of the negative effect of geographical distance on trade flows seemed to
be remarkably stable over time, although surely, globalization in the 20th century
should have lowered the trade costs. However, Yotov (2012) showed that the miss-
ing globalization puzzle disappears once domestic trade enters the picture: trade
even within a region or country is not frictionless, and in order to obtain the correct
estimates for the impact of geographical distance, domestic trade needs to be ac-
counted for. If domestic trade costs decrease at the same pace as international trade
costs, then one should not expect the estimated coefficient on geographical distance
to decrease, because international trade costs relative to domestic trade costs have
not fallen. International trade costs may even appear to increase over time if do-
mestic trade costs decline relatively more. In fact, there are many more reasons to
include domestic (or in general intra-regional) trade in the gravity model: Yotov
(2022) lists 15 (!) reasons for its inclusion. For example, without the inclusion of
domestic trade flows, it would not be possible to evaluate, e.g., the impact of non-
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discriminatory national import policies, since all international trade flows to the
destination country would be affected by these policies. On the theoretical side,
the main reason to include domestic trade flows is that the gravity model would
otherwise not be closed (i.e., market clearing would not be ensured) if within-
country trade were omitted. Therefore, domestic trade flows should be included in
the gravity model if these data are available.
However, in contrast to import flows, domestic trade flows are not directly recorded
at e.g., customs and hence need to be constructed from other data. Three methods
are common in empirical work (Campos et al., 2021a):

1. Domestic trade is calculated as the difference of a country’s GDP and its
exports to the rest of the world. This proxy is not exact for two reasons:
International exports are gross outputs, whereas GDP is calculated as value-
added, i.e., a net output. Moreover, GDP includes services, whereas the
recording of service trade has historically been spotty: most trade data sets
thus still only include trade in goods, not in services.1

2. Domestic trade is calculated as the difference of a country’s gross production
value and the sum of its exports to the rest of the world.

3. Domestic trade is calculated based on input-output tables and calculated as
gross output sold by domestic industries to other domestic industries and
final consumers.

Campos et al. (2021a) use GDP data for alternative 1, the OECD Trade in Value
Added database (TIVA) for alternative 2, and the World Input Output database
(WIOD) for alternative 3 and create a data set that covers 39 exporting countries
and 63 importing countries for the period 1995-2011. The correlations of the log-
growth rates of the obtained domestic trade flows are highest for WIOD and TIVA
(88 %) and lowest for GDP and WIOD (78 %). What these really high correla-
tions mask, is the considerable size difference in the domestic trade flow measures,
however. Moreover, domestic trade flows dwarf international trade flows, regard-
less of which exact measure is used for the domestic trade flows: In the data set
used by Campos et al. (2021a), the average international trade flow equals US$
2,040 millions, whereas the average domestic trade flow equals US$ 855,445 mil-
lions when using the GDP data, US$ 498,274 millions when using the TIVA data
and US$ 475,010 millions when using the WIOD data2. The inclusion of domestic
trade flows, despite the fact that only 663 of the 41,582 trade flows are domestic
trade flows, dramatically alters the estimated effect of trade agreements, as shown

1This begins to change, however: The WTO now offers a data set for service trade starting from
2005 onwards, see https://yamaraja.work/english/res_e/statis_e/services_
trade_data_hub_e.htm.

2We would like to thank Jacopo Timini for sharing the data from his article with us. The cited
averages of domestic and international trade flows can be found in Table A1 in Matschke and Rojas
Rodrı́guez (2025).
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in the upper part of table 2 of Campos et al. (2021a). Without inclusion of do-
mestic trade, trade agreements do not seem to have a positive impact on trade
flows, whereas with domestic trade flows included, the estimated effect of trade
agreements is positive and significant at the 1 % level.3 However, when the trade
agreement variable is subdivided into different kinds of trade arrangements, clear
differences between GDP, TIVA, and WIOD based domestic trade flows become
apparent. Moreover, when introducing a globalization time trend, the effects of
even the aggregated trade agreement dummy differ in size: for example, the esti-
mate based on GDP equals e0.240 − 1 = 27.1%, whereas the TIVA based estimate
equals e0.186 − 1 = 20.4% (Campos et al., 2021a, p. 3). While it is true that the
estimates appear qualitatively similar as long as domestic trade flows are included,
they are clearly not identical.
In our paper, we complement the existing literature by choosing a different route
to investigate the importance of domestic trade flows for gravity estimation, and in
particular for the estimation of the effects of international trade policy variables,
such as tariffs and FTAs. Instead of using real-world international trade data and
adding imputed domestic trade data based on international trade and national pro-
duction data, we simulate the truth, i.e., we create explanatory variables and co-
efficients based on a meta-analysis of gravity models, and then calculate the trade
flows, including domestic flows, based on these data with an included error com-
ponent, constructing 1000 simulated trade data sets which we then use to estimate
different versions of the gravity equation. Since we know the true coefficients, we
can then compare the obtained estimates with the truth and see how different spec-
ifications and different ways to include or not include domestic trade data change
the results. We find that while not introducing statistically significant bias, the us-
age of GDP-based domestic trade flows leads to lower absolute point estimates for
international trade policy variables, such as free trade agreements or import tariffs.
Perhaps more surprising, however, is another finding: in our simulation exercises,
we cannot detect any advantage of introducing even correctly measured domestic
trade flows compared to just omitting domestic trade altogether. Moreover, when
omitting or mismeasuring explanatory variables, this often introduces bias, but this
bias is not necessarily greater in the model that only uses international trade flows.
While these results do not in any way invalidate the arguments of Yotov (2022) for
using domestic trade in gravity estimation, they do present a caveat that mismea-
surement of domestic trade flows may result in non-reliable estimates and that de-
pending on the exact research question, gravity estimation with only international
trade flows may lead to more reliable estimates than a domestic-trade inclusive
model with questionable domestic trade data.
The remainder of this article is structured as follows. In section 2, we briefly
review the structural gravity equation and how trade and production values enter
it. In section 3, we explain how we construct the explanatory data and simulate
the trade flows. Then, we show the estimation results for different variations of

3Matschke and Rojas Rodrı́guez (2025) provide an explanation for this surprising result.
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the structural gravity equation based on these simulated data in section 4 and draw
conclusions in section 5.

2 Structural Gravity Equation and the Inclusion of Do-
mestic Trade

To close the general equilibrium model from which e.g. the cross-sectional struc-
tural gravity equation is derived, market clearing is essential. This means that
exporter (origin country) o’s exports

∑
dXod to all countries, including country o

itself, must add up to country o’s total gross output Yo. In turn, the trade flow from
exporter o to importer (destination country) d can be written as

Xod =

(
αopotod
Pd

)1−σ

Ed, (1)

where Ed denotes importer d’s expenditure, αo is a utility function parameter that
measures the popularity of a good originating from country o, po is the factory-gate
price of the good in exporter country o, tod denotes the bilateral trade costs between
o and d and Pd is importer d’s inward multilateral resistance term (Anderson and
van Wincoop, 2003), which can be roughly interpreted as d’s consumer ideal price
index (Yotov et al., 2016, p. 14). After some transformations using market clearing,
the central equation of the structural gravity model can be derived4, namely

Xod =
YoEd

Y

(
tod

ΠoPd

)1−σ

, (2)

where Y denotes world gross output (
∑

o Yo) and Πo denotes exporter o’s outward
multilateral resistance term (MRT). Both MRTs are recursively defined, namely

Π1−σ
o =

∑
d

(
tod
Pd

)1−σ Ed

Y
, (3)

P 1−σ
d =

∑
o

(
tod
Πo

)1−σ Yo
Y
. (4)

A few things are noteworthy: First of all, we notice that the trade flow from o to d is
linear in Yo, exporter o’s gross production value, and Ed, importer d’s expenditure.
The trade flow also depends on the bilateral trade costs tod which are taken to the
power of 1 − σ, the trade elasticity, where σ denotes the elasticity of substitution
between goods which is assumed > 1. This means that higher bilateral trade costs
ceteris paribus reduce the trade flow. Moreover, the multilateral resistance terms,
which are not directly measurable and need to be calculated recursively, both in-
crease the bilateral trade flow. The reasoning behind this is that ceteris paribus,

4See Yotov et al. (2016, p. 14ff.).
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higher multilateral resistances lower trade flows to or from all other countries and
thus relatively increase the trade flow between any two given countries (Anderson
and van Wincoop, 2003).
What about the domestic trade flows? Notice that (2) also holds if o = d, hence
no structural difference between domestic and international trade flows exists. The
one important difference is, of course, that the domestic trade costs too are typically
different from tod where o ̸= d. From this insight, it is clear that when constructing
our simulated data set, the only difference between the construction of domestic
and international trade flows is the exact specification of the bilateral trade cost
function.
The domestic trade flowXoo is not recorded directly, contrary to international trade
flows. Instead, it is derived from the exporter production values, as was described
in the introductory section. The production value, and in particular the gross pro-
duction value, is typically by a magnitude bigger than the sum of international
exports which need to be subtracted from the gross production value to calculate
the domestic trade flow Xoo for country o. The production value as the dominant
determinant of Xoo, on the other hand, is not only equal to Yo which appears as
an explanatory variable on the right-hand side, but is also closely linked to the ex-
porter’s expenditure Eo which also appears as a regressor on the right-hand side of
the gravity equation. This latter fact means that there may exist a multicollinearity
problem on the RHS between Yo and Ed whenever o = d.5 A modern struc-
tural gravity equation, however, is not estimated by using Yo and Ed as regressors.
Instead, importer and exporter fixed effects are used to absorb all variables that
are importer or exporter specific. In a panel setting, Y and E, but also the non-
observable multilateral resistance terms Π and P , are exporter- or importer-time-
dependent and would be controlled for by importer-time and exporter-time fixed
effects.
However, the fact remains that on both sides of (2), the gross production value Yo
is the dominant variable whenever a domestic trade flow is considered. Hence,
the question is what effect the inclusion of domestic trade flows will have for the
estimates of the trade cost coefficients as the estimates of primary interest.
First of all, since the domestic trade flows tend to be much bigger than the interna-
tional trade flows, it stands to reason that the fixed effect estimates6 will be bigger
than would be otherwise the case. Since these fixed effect estimates are often not
reported, this is not something that one would see directly in the regression output.7

5As a remainder, Yo is also defined as the sum of domestic and external goods sales by domestic
producers, Xoo +Xo. Moreover, ignoring services, Eo would be the sum of domestic and external
purchases by domestic consumers, Xoo +Mo.

6Assuming that fixed effects are not differenced out.
7In some cases, the importer and exporter fixed effects are of interest. For example, the MRTs

can be recovered from the fixed effects (Fally, 2015) when the model is estimated using the Poisson
Pseudo Maximum Likelihood (PPML) method. These MRTs can then be used to compute the general
equilibrium effect of a hypothetical change in bilateral trade costs (Yotov et al., 2016). Consequently,
including domestic trade flows (or their proxies) is likely to alter both the estimated importer- and
exporter-time fixed effects and the derived general equilibrium effects. Furthermore, in an earlier
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Repercussions on the estimates of the bilateral trade cost components included in
tod are possible, however, namely if these are correlated with the importer and ex-
porter fixed effects. Additional repercussions could be also expected on tod if the
variables used to measure international bilateral trade costs are defined with respect
to the domestic trade costs8. In the following, using a simulation framework, we
investigate the effects of including domestic trade flows on the gravity parameter
estimates with a specific focus on the bilateral international trade cost components
(i.e. import tariffs and FTAs).

3 Gravity model simulation

3.1 Simulation strategy

In order to simulate our synthetic trade flows, we rely on random variables that
correspond to the explanatory variables of the structural gravity model depicted in
section 2. The variables are generated to resemble their empirical counterparts, or
at least their theoretical representation, in the case of unobservable variables. In
some cases, our variables try to mimic the characteristics of the data used by Cam-
pos et al. (2021a). The data consists of a “structural” part, based on the relationship
given by equation (2), and a “stochastic” part that corresponds to the error term of
the model.
The “world” in our data consists of N = 30 countries or geographical entities
that trade with each other during T = 10 periods. Our panel data thus consists of
30×30×10 = 9, 000 observations per simulation, and a total of 1000 simulations
are run. Zero trade flows are not modelled in the data in order to concentrate on the
question of domestic trade flows, so our trade flow variables will always be greater
than zero.

3.1.1 General formulation of the simulations

The panel approach that we use here differs from the commonly performed sim-
ulations of the gravity model that rely only on cross-sectional data (see Head and
Mayer (2014) and Egger and Staub (2016) for two examples of gravity simula-
tion). While most of the gravity theory does not go beyond one period and early
gravity regressions often include only cross-sectional data (see Anderson and van
Wincoop (2003) and Eaton and Kortum (2002) as two influential examples), it is

version of Campos et al. (2021a), namely Campos et al. (2021b), different proxies for domestic trade
flows also lead to different general equilibrium effects, probably since the size of these flows has a
direct impact on the welfare calculation when it is computed using Arkolakis et al. (2012)’s formula.

8Two empirical examples can be found in Yotov (2012) and Bergstrand et al. (2015). The first
article estimates the effect of international distance over time and compares it with the estimates of
internal distance. The second article uses yearly international border dummies to capture factors that
influence international compared to domestic trade flows. Different definitions of domestic trade
flows are likely to have an influence on the estimates of such effects.
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now common to use panel data and to include fixed effects to control for the mul-
tilateral resistance terms, various unobservable factors and endogeneity (Head and
Mayer, 2014; Yotov et al., 2016). Some newer theoretical models also extend the
gravity model to the multi-period case (Olivero and Yotov, 2012). In addition, us-
ing only cross-sectional data does not allow for the inclusion of pair-fixed effects
in the regressions, which are often used to limit the endogeneity problems arising
from the fact that the choice of trade policy instruments, like FTAs, may not only
influence trade flows, but also may depend on them (Baier and Bergstrand, 2007).
Therefore, it is reasonable to simulate trade data for several periods instead of only
one period, and to include trade costs and production levels that vary over time.
Based on equation (2), our simulated trade flows can be expressed as

Xodt =xodtηodt = exp [lnYot + lnEdt − lnYt − (1− σ) lnΠot]×
exp [−(1− σ) lnPdt + (1− σ) ln todt]× ηodt.

(5)

The error term, ηodt, enters the model multiplicatively9 and is drawn from a log-
normal distribution with mean one and variance equal to the inverse of xodt. The
other variables were already defined in section 2.
For the effect of the variables in (5) on trade flows (Xodt), we use the theoretical
elasticities predicted by the gravity model presented in section 2: unitary positive
elasticities for Yot and Edt,10 unitary negative elasticity for Yt, and (1 − σ), also
known as the trade elasticity, for the multilateral resistance terms and trade costs.
The value of (1−σ) is set equal to −5, close to the mean trade elasticity reported in
the meta-analysis of Head and Mayer (2014, p. 164) in Table 3.5 for the structural
gravity models.
In addition, and to better reflect the practices used for estimating the gravity model,
we divide our trade cost variable, todt, into five other variables that represent differ-
ent factors influencing international and domestic trade costs. We define our trade
costs as follows:

todt =(Int Distod)
δ1 × (Dom Distod)

δ2×
exp (δ3DBod + δ4FTAodt)× (1 + τodt)

δ5 ,
(6)

where Int Distod is defined as a continuous variable, representing the geograph-
ical bilateral distance between partner countries. It is set equal to one in case of
domestic trade (o = d). Dom Distod is analogous to Int Distod, but is used
to represent the domestic distance when o = d. It is set equal to one in case of
international trade (o ̸= d). DBod is a dummy variable equal to one in case of
domestic trade flows (o = d). FTAodt is a dummy variable that is equal to 1 if two
countries o ̸= d have signed a free trade agreement. Finally, τodt is a continuous
variable used to reflect the tariff charged by d on imports from o. When plugged

9As shown in Santos Silva and Tenreyro (2006, p. 643f), the error term of the model can be
expressed multiplicatively or additively without affecting the estimation results.

10Our expenditure variable corresponds to the final expenditure (value added) on goods and ser-
vices (ydt + zdt).
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into equation (5), each δk will be multiplied by the trade elasticity. To simplify
notation, these products are represented by λk (i.e., the coefficient on any of these
trade cost variables is then λk = (1− σ)× δk).
Substituting (6) into (5) and including the beta and lambda coefficients for clarity,
the trade flows are given by:

Xodt =exp [β1 lnYot + β2 lnEdt + β3 lnYt + β4 lnΠot]×
exp [β5 lnPdt + λ1 ln Int Distod + λ2Dom Distod]×
exp [λ3DBod + λ4FTAodt + λ5 ln(1 + τodt)]× ηodt,

(7)

where β1 = β2 = 1, β3 = −1, β4 = β5 = 5. For our trade cost variables,
we mainly base our coefficients on the values reported in Tables 3.4 and 3.5 of
Head and Mayer (2014) for the Structural Gravity. We set our lambdas as follows:
λ1 = −1 (Head and Mayer (2014, p. 26) report a mean of −1.1 for distance)
and λ2 = −0.5 to represent the smaller internal trade costs; λ3 = 2 (mean of
1.9 for home trade); λ4 = 0.35 (mean of 0.36 for trade agreements); λ5 = −5
(mean of −5.13 for trade elasticity). Table 2 summarizes the information about the
coefficients that were used for the construction of the simulation data.

[Insert Table 2]

3.1.2 FTAs and trade diversion

In the context of the gravity estimation, λ4 represents the change in the trade flow
Xodt after signing an FTA. For domestic trade flows, the FTA variable is set equal
to zero. An FTA reduces the bilateral trade costs of the signatory countries o and
d. This effect occurs regardless of the size of domestic trade flows compared to
international trade flows, and even when domestic trade flows are omitted from the
estimation sample.

3.1.3 Domestic trade flow proxies

In the following construction of variables, we simplify the description and consider
goods as tradable and services as non-tradable, notwithstanding the fact that in
reality, non-tradable goods and tradable services certainly exist. Exports are then
based on the gross production value of (tradable) goods, whereas GDP is the net
value of (tradable) goods and (non-tradable) services production. Three types of
domestic trade flows are considered for the simulations:

1. The true domestic flows generated by the gravity model in equation (7).

2. Domestic flows computed as the difference between the GDP (value added)
of o and its total gross exports during a given year: Xoot = Eot − Xot.
This is one of the methods used in Campos et al. (2021a), which is also
very common in the literature since GDP values are easy to obtain. This
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approach has two main problems, however: 1) it mixes gross value and value
added observations (gross exports vs. GDP), and 2) it mixes (non-tradable)
services and (tradable) goods from the GDP with the tradable goods of gross
exports.11

3. The difference between the gross output of o and its total gross exports dur-
ing a given year: Xoot = Yot − Xot, where = Xot =

∑
d̸=oXodt. This

approach is also used in Campos et al. (2021a). In our data, it should corre-
spond to the true domestic trade flows generated by the model, with a small
deviation coming from the error term ηodt when summing all Xodt exports
of o.

3.2 Data Construction

The random variables in (7) are generated as follows:

Yot: In period t = 1, country o’s gross (tradable) goods output Yo1 is drawn
from a gamma distribution with shape parameter α = 420,0002

800,0002
= 0.275625

and scale parameter θ = 800,0002

420,000 = 1, 523, 809.524. We also add a con-
stant equal to 2,000 to avoid having numbers too close to zero and having
a fixed lower bound. The shape and scale parameters are chosen to approx-
imate the average and standard deviation of the gross production variable
(TIVA) of Campos et al. (2021a) during the year 1995 (mean 435,720.7 and
standard deviation of 814,979, both in millions of US $, see Table 1).12

For t > 1, Yot grows with respect to Yo1 by an annual factor such that
Yot = Yo1 ×

(∏t
k=2(1 + κok)

)
, where κok is a random number drawn from

a normal distribution with a mean of 0.025 and a standard deviation of 0.15.
The parameters of the normal distribution are chosen to mimic the mean
and standard deviation values of the log-difference of the gross production
(TIVA) in Campos et al. (2021a) (0.052 and 0.15, respectively, see Table 1).

Yt: It is simply the sum of all countries’ annual gross production values in a
given year t:

(
Yt =

∑N
o=1 Yot

)
.

ωot: It represents the share of value added (yot) in gross output (Yot) in goods
and is derived from a gamma distribution with shape parameter α = 0.452

0.12
=

20.25 and scale parameter θ = 0.12

0.45 = 0.02̄2, reflecting that value added is
smaller than the gross value of production. The mean and standard devia-
tion used for ωot are based on the share of GDP to GO for a sample of 30

11Most data sets about bilateral international trade still do not include information about service
trade.

12The mean of the gamma distribution is given by αθ and its variance by αθ2. For a given variable,
α is calculated as the square of the mean divided by the variance, and θ as the variance divided by
the mean.
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countries in 1995 (mean = 53.22% and standard deviation = 0.09953).13

Zot: It represents the gross production value of services and is generated as a
proportion of the gross production value of goods for the first period of
simulated data: Zo1 = ιo1 × Yo1. ιo1 is generated using a gamma dis-
tribution with shape parameter α = 0.452

0.12
= 20.25 and scale parameter

θ = 0.12

0.45 = 0.02̄2.14 For the following years, Zot>1 grows relative to Zo1

by an annual factor such that Zot = Zo1 ×
(∏t

k=2(1 + νok)
)
, where νok is a

random number drawn from a normal distribution with a mean of 0.08 and a
standard deviation of 0.1.

zot: It represents the value added in service production. Similarly to the value
added in goods production, it is generated as zot = ψot×Zot. ψot represents
the share of value added (zot) in gross output (Zot) in services and is derived
from a gamma distribution with shape parameter α = 0.552

0.12
and scale pa-

rameter θ = 0.12

0.55 . These parameters mirror the observed ratio in the cited
data of the World Bank and the UN Statistics Division for the same sample
of countries.

Edt: It is defined as the sum of value added in goods production and value added
in services production of country d: Edt = ωdt×Ydt+ψdt×Zdt = ydt+zdt.

Πot and Pdt: The multilateral resistance terms are solved iteratively/recursively and si-
multaneously using the values generated for Yot, Edt, Yt and todt, following
equations (3) and (4). As Πot and Pdt can be only solved up to a scalar
(Anderson and Yotov, 2010), we choose P1t (value for country 1) as the
reference value for each period.15

Int Distod: The bilateral distance between o and d is drawn from a gamma distribu-
tion with a shape parameter of 8,519.0152

4,681.062
= 3.312 and a scale parameter of

4,681.062

8,519.015 = 2, 572.17. The shape and scale parameters are chosen to approx-
imate the average international bilateral distance (“distw”), according to the
GeoDist dataset of CEPII (Mayer and Zignago, 2011). The variable is set to
one in case of domestic trade.

Dom Distod: The distance between o and d when o = d is also drawn from a gamma
distribution. The shape and scale parameters are changed to 182.80282

229.9322
=

13We calculate these shares using GDP data from the World Bank (“World Development Indica-
tors”) and data from the UN Statistics Division (“Output, gross value added and fixed assets by in-
dustries at current prices (ISIC Rev. 4)”) for the gross output. The sample includes Austria, Belgium,
Bulgaria, Canada, Croatia, Cyprus, Czech Republic, Denmark, Finland, France, Germany, Greece,
Hungary, Iceland, Ireland, Italy, Japan, Luxembourg, Mexico, the Netherlands, New Zealand, Nor-
way, Poland, Portugal, Romania, Spain, Sweden, Switzerland, United Kingdom, and the United
States.

14These parameters mirror the ratio of services to goods in the gross output data provided by the
World Bank and the UN Statistics Division for the same sample of countries.

15More details about the iterative process are given in Appendix 6.12.
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0.6321 and 229.9322

182.8028 = 289.21, respectively, to reflect the smaller internal
distance, as in the GeoDist dataset of CEPII. The variable is set to one in
case of international trade.

FTAodt: To represent trade agreements, a dummy variable equal to one if country pair
od is part of an FTA during period t and zero otherwise is used. In period
t = 1, the variable is drawn from a binomial distribution with a probability of
0.2 that each symmetric pair (od and do with d ̸= o) is part of the same FTA,
close to the average value of the general trade agreement dummy variable
used in Campos et al. (2021a) in its first year (1995), 0.3573. In the following
periods, the country pairs that are already in an FTA remain in it, and the
pairs currently not in an FTA can sign an FTA with probability 0.1 (binomial
distribution). The FTA variable is always equal to zero in case of domestic
trade.

τodt: It represents the ad valorem tariff imposed by d on imports from o in pe-
riod t and is set equal to zero in the case of intra-national trade. In period
t = 1, each country d sets τodt with each partner o following a gamma dis-
tribution with a shape parameter of 0.0832

0.032
= 7.6544 and a scale parameter

of 0.032

0.083 = 0.0108. The shape and scale parameters are chosen to approxi-
mate an average tariff rate of 8%, as in the Campos et al. (2021a) data for
1995 (see Table 1 where the importing countries’ MFN tariff average equals
8.3%). For the periods t > 1, d changes τod1 by an annual factor such that
τodt = τod1 × (

∏t
k=2(1 + hodk)), where hodk is normally distributed with

a mean of −0.03 and a standard deviation of 0.09, so that the tariff rates
decrease on average by 3% each period. In the case that d and o have signed
an FTA in period t, τodt is set equal to zero to represent the trade liberalizing
effects of trade agreements. By construction, the simulated trade agreements
are all bilateral (only include o and d).

DOM(X) MODELoot: represents the “true” domestic trade flows generated from (2) as Xoot =

YotEot
Yt

(
toot

ΠotPot

)(1−σ)
.

DOM(X) GDPoot: represents the domestic trade flows calculated from GDP, namely generated
as Eot −

∑
d̸=oXodt.

DOM(X) GOoot: represents the domestic trade flows calculated from gross goods output, gen-
erated as Yot −

∑
d̸=oXodt. These trade flows are approximately equal, but

not identical to the model trade flows DOM(X) MODELoot.

Tables 3, 12 and 13 show the summary statistics and the correlation matrix of our
full simulated data set, respectively. The values shown in the tables are calculated
using the total data, i.e., 9000 observations per simulation times 1000 simulation
runs. The correlation coefficients are typically very small, with the notable excep-
tion of the correlation between the MRTs (approximately -0.5) and the FTA and
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tariff variable (approximately -0.8). The latter strong correlation is caused by the
fact that whenever the FTA variable is generated as 1, the tariff rate is automatically
set to 0. In practice, the correlation is probably weaker because FTAs tend to be
formed between countries which already have low tariff rates directed against each
other since the trade liberalization process is gradual.

[Insert Table 3]

[Insert Table 12]

[Insert Table 13]

4 Simulation Results

In this section, we examine different scenarios for which the omission or mismea-
surement of domestic trade flows, sometimes in conjunction with other problems,
such as e.g. the omission of the multilateral resistance terms, may cause problems
when estimating the coefficients of the gravity model. All models are estimated
using the Poisson Pseudo Maximum Likelihood (PPML) method, given that the
model, as predicted by theory, was generated in its multiplicative form, with an
error term directly proportional to the expected value of the dependent variable.16

The coefficients and their standard errors presented in this section are the mean
values obtained from the regressions of 1, 000 replications of the data generation
procedure described in section 3. We also include the average p-value of each
coefficient in square brackets, testing if the estimated coefficient of each variable
is statistically different from its true value (see Table 2).
We have divided this part into several subsections to explore different approaches
used in the literature for the estimation of the gravity model of trade. We start
with the canonical model that includes all variables that were used to simulate
the trade flows without the inclusion of fixed effects. Then we move towards the
naive gravity model that omits the multilateral resistance terms (the so-called gold
medal error of gravity estimation) and also investigate the impact of using GDP
both for the importer expenditure and exporter output variable as well as the effect
of using only one distance variable instead of distinguishing between international
and intra-national distance.
In a next step, we switch to a model with exporter-time and importer-time fixed
effects which absorb all country-time specific variables, i.e., multilateral resistance
terms and exporter output and importer expenditure. Also in this setting, we inves-
tigate what happens if only one distance variable is used. Finally, we additionally
introduce pair-fixed effects to obtain the gravity specification that is typically used
in the literature if the focus lies on the impact of international trade policy.

16As shown in Santos Silva and Tenreyro (2006), the log-linear transformation commonly used to
estimate the gravity model by OLS can lead to significant bias in the obtained coefficient estimates.
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In all model specifications, we investigate how the handling of domestic trade flows
alters the coefficient estimates and whether in case of incorrect model specification,
it adds to or lessens any present estimation bias. When referring to bias, we distin-
guish between two forms: a clearly discernible difference between the size of the
known true coefficient and the obtained estimate and a statistically significant dif-
ference between estimate and truth, manifesting itself as a p-value of less than 0.1
(statistical significance at least at the 10 % level). Obviously, with high standard
errors, an apparent bias in the sense of a clear size difference between estimate and
truth may not constitute a statistically significant bias, whereas on the other hand,
with small standard errors, a statistically significant bias may arise even though
estimated and true coefficient appear close.
The way how domestic trade flows are measured is indicated at the bottom of each
table. The true domestic trade flows, created as part of the model simulation, are the
“model” domestic trade flows. These domestic trade flows are very close, but not
identical to those labelled “GO”, which are calculated as the difference between an
exporter’s tradable share of domestic gross output minus the sum of the exporter’s
international exports. The clearly incorrect measure of domestic trade flows (la-
belled “GDP”) uses exporter GDP as production measure and then subtracts all
international exports. Since the difference between GDP and total gross exports
may be negative17, we deal with this problem by simply censoring the negative
observations at zero. Finally, the label “NO” designates the case where domestic
trade flows are simply excluded from the regressions, as used to be the standard
procedure in traditional gravity regressions.
Table 3 provides an overview of the simulated data. Of the 9 million observations,
only 300,000 (3.3 %) are domestic trade flow observations. For these observations,
a comparison between model trade flows and GO-based trade flows shows very
little difference, although it was not possible in the simulation to actually “close”
the model and force the model-generated domestic trade flows to be exactly equal
to the difference of tradable gross output and all international sales exporter by ex-
porter, as should be theoretically the case. The GDP-based domestic trade flow av-
erage exceeds the model and GO-based trade flows by far and also features a much
higher standard deviation. Comparing the international trade flows (INT Xodt) to
the domestic trade flows, we see that all domestic trade flow versions dwarf the in-
ternational trade flows by an average factor of at least 230. With regard to the other
country-time varying variables, we see that the exporter output measure Yot is on
average considerably lower than the importer expenditure measureEdt because the
latter includes services: it is also true that the exporter measure is a gross value and
the importer measure a net value, but this difference is secondary compared to the
services difference. Finally, the international distance exceeds the domestic one by
a factor of more than 1,000.

17Remember that we have generated the GDP observations as a share of the total gross output of
each country, which could result in total exports (measured in gross values) greater than our simulated
GDP observations, see section 3.
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4.1 Canonical Gravity Form

We start with the simulation results of the true model, i.e., we include all the data-
generating variables in the regressions in order to verify that the PPML estimation
can recover the true model coefficients. From this starting point, we can identify
any potential issues before proceeding with the other simulations. The results for
the model-generated trade flows, shown in column M1 of Table 4, are as expected:
The true coefficients are estimated without any problems and with small standard
errors, indicating precise coefficient estimates. For none of the coefficients is the
null hypothesis of no statistical difference between the estimated and the true co-
efficient rejected (in fact, all p-values lie above 0.97). The same is true for column
M3 where domestic trade flows are calculated as tradable gross output minus the
sum of all exports. Since the domestic trade flows in M3 are very similar to the
model-generated ones in M1 and should be theoretically identical, this result is
not surprising and shows that the utilization of the gross output-based measure for
domestic trade flows delivers precise and unbiased estimates.
In column M2 of Table 4, we use the proxy of domestic trade flows generated
by using GDP instead of tradable gross output. All estimated coefficients clearly
differ from the true values, and the standard errors are, in comparison to column
M1, relatively larger. With regard to the sign of the deviation from the truth, we
see that the coefficient on exporter output is smaller and the coefficient on importer
expenditure is higher. In contrast, most other estimates are smaller in absolute
value. For example, the point estimate on the world production value is less than
half the true size. Moreover, both multilateral resistance term coefficients and also
the distance coefficients are (absolutely) smaller than their true counterparts. The
same holds for the international trade policy (FTAs, tariffs) variable coefficients,
whereas the estimate on the domestic trade dummy exceeds its true value, picking
up the inflated domestic trade values. A separate question, however, is in how
far these apparent estimation differences are statistically significant. Checking out
the p-values in square brackets, we see that for some variables, the true values do
lie within the confidence bands. In particular, no statistically significant bias is
present for the coefficients on the international trade policy variables FTA and
ln(1 + τ). The simulation exercise thus confirms the finding of Campos et al.
(2021a) that the exact calculation of the domestic trade flow proxy does not alter
the trade policy effect estimates in a statistically significant way. Yet, the point
estimates are different, and the inclusion of the GDP-based domestic trade flows
seems to lead to an underestimation of the effect of free trade agreements and
tariffs. For the FTA effect, this result appears reasonable since the FTA variable
for the high domestic trade flows is set to 0. Several other coefficient estimates,
however, are also statistically different from their true value when the GDP-based
domestic trade flow measures are employed. In particular, the coefficients of the
variables ln(Yot), Πot, ln(wYt) and even the variable ln(Dom Distod), that was
especially introduced to account for domestic trade flows, exhibit a statistically
significant downward bias, whereas ln(E)dt and DBod are upward-biased.
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We now exclude all domestic trade flows from the model and re-estimate it to
mimic traditional/common gravity estimations, which lack domestic trade obser-
vations. As shown in column M4 of Table 4, the results of excluding these obser-
vations from the regressions are equivalent to those of column M1: The true coeffi-
cients are estimated without problem and with relatively small standard errors. This
is not surprising, given that only a few observations (3.3 %) are omitted from the
data set during each iteration/repetition, and all variables that explain international
trade remain in the estimation.18 The variables FTAodt and ln(1 + τodt) are equal
to zero in case of domestic trade, and ln(Yot), ln(Edt) and ln(wYt) have all the
same effect on domestic and international trade, so the omission of domestic trade
flows does not affect the estimation of the “international” variable coefficients. The
standard errors of the coefficients are comparable to the versions with the “right”
domestic trade flows (M1 and M3), in contrast to the model where the GDP-based
domestic trade flow proxy is included, which results in higher standard errors and
lower p-values.
In conclusion, the results confirm that the PPML estimator is appropriate to es-
timate the model. Moreover, we find that the GDP-based proxies for domestic
trade lead to statistically significant bias in many of the estimated coefficients,
even when including all the relevant variables. For the international trade policy
variables, however, the bias in the GDP-based model is not significant, although
the estimated coefficients clearly differ from the true values. In contrast, the model
with only international trade flows (NO, M4) performs just as well as the “right”
domestic trade flow inclusive variants (M1 and M3).

[Insert Table 4]

4.2 The Gold Medal Error

We continue by evaluating the effects of including domestic trade flows in con-
junction with the so-called “Gold Medal Error” of gravity estimation, so named
by Baldwin and Taglioni (2006), which consists of omitting the multilateral re-
sistance terms when estimating the gravity model. As by construction, the MRTs
are correlated with the other explanatory variables in the model19, their exclusion
should induce a bias in the estimation of all coefficients, as pointed out in Ander-
son and van Wincoop (2003), regardless of whether or not domestic trade flows are
included in the estimation. Using the same simulated data, we repeat the regression
specifications shown in Table 4, with the only difference that now the multilateral

18It is not possible to estimate the coefficients of the domestic trade cost proxies, as they are always
equal to zero when domestic trade observations are omitted. The MRT variables are the correct ones,
i.e. their calculation employs the true domestic trade flows.

19See equations (3) and (4). With regard to our simulated data set, the correlation between the
explanatory variables appears quite small, with the exception of the correlation between the exporter
and importer MRT, which takes a value of about -0.5, and the correlation between the FTA and the
tariff variable (-0.8) as can be seen from Tables 12 and 13.
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resistance terms are omitted. The results are shown in Table 5, following the same
order as in the previous table.
The first three columns of Table 5 show the (severe) bias that the MRT omission
induces: Most of the estimated coefficients are biased compared to their true value.
Curiously, the exclusion of domestic trade flows from the regression (last column
M8) appears to help mitigate the omitted variable bias of many of the coefficients
compared to the domestic-trade inclusive versions in the other columns of Table 5.
The reduced bias in M8 is for example apparent in the point estimate for importer
expenditure, and even when the coefficient estimate bias is significant, the point
estimates are closer to the truth than is the case in the other columns.
However, when checking out the coefficients for those variables that trade economists
are most interested in, namely the international trade policy variables FTAodt, and
ln(1+ τ)odt, the picture changes. While bias is apparent when looking at the point
estimates, the difference to the true value is not statistically significant in any of
the models. For the FTA variable, we see that the coefficient estimate in all estima-
tions equals about 0.16, less than half the true value of 0.35. But the difference is
statistically insignificant. With regard to the point estimate difference to the truth,
we note that the models with the “right” domestic trade flows (M5 and M7) per-
form very marginally better than the model with GDP-based domestic trade flows
(M6). The “best model” for estimating the FTA coefficient appears to be the one
with only international trade flows (M8), but the quality difference is really small.
For the import tariff, M5 and M7 exhibit a slight, but insignificant downward bias
in the absolute value of the coefficient estimate, whereas the estimate for the GDP-
based trade flow (M6) is absolutely smaller and further away from the truth. This
time, the model with only international trade flows (M8) performs the worst: the
size of the bias in M8 when domestic trade flows are omitted appears quite substan-
tial (estimate -3.02 vs. truth -5), but even there, the difference is not statistically
significant.
We thus conclude that the omission of the multilateral resistance terms biases the
coefficient estimates, but this bias, while often substantial in size, is not statisti-
cally significant in any of the estimated models, as far as international trade policy
effects are concerned. We confirm, however, the conjecture in Yotov (2022) that
the inclusion of domestic trade helps obtain more accurate point estimates of these
variable coefficients, with the GO-based domestic trade flow inclusion yielding
closer-to-the-truth estimates.

[Insert Table 5]

4.3 GDP instead of gross output

Early gravity models used exporter and importer GDP in the regression. In theory,
however, exporter gross output and importer expenditure, a net value, should be
included. In the model simulation, Yot is defined as exporter tradable gross output
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and Edt as importer GDP. In the next exercise in Table 6, the effect of replacing
Yot by exporter GDP is investigated.
Checking out the results for the regressions with the “right” domestic trade flows
(M9 and M11), it appears that the coefficients on the exporter and importer “mass”
variables (namely ln(Y ), where Y has now been replaced by exporter GDP, and
ln(E)) are not biased significantly: even the point estimates are close to the true
value 1. A clear bias emerges for the time dependent world output variable ln(wY ),
whose true coefficient -1 is now estimated as approximately -1.5, and the exporter
multilateral resistance term ln(Π) that now picks up the effects of the inclusion of
wrong values for the other exporter-time dependent variable20. Whereas the true
coefficient equals 5, the estimate is 5.35. For the other estimates, the equality with
the true values cannot be rejected in columns M9 and M11. The point estimate of
the FTA variable lies close to the truth (0.352 vs. 0.35), whereas the absolute value
of the import tariff variable lies above the true value (-5.21 vs. -5).
This result changes when GDP-based domestic trade flows are used. In column
M10, we see that except for the international trade policy variables FTA and
ln(1 + τ) and the international distance variable, which has a p-value of 0.105,
all estimates are statistically different from the true coefficient values at least at a
significance level of 10%. Whereas the true coefficients of the international trade
policy variables lie within the calculated confidence intervals, the point estimate of
the FTA effect is higher (0.36 > 0.35) and the tariff effect is absolutely smaller
(-4.72 vs. -5). For the import tariffs, the bias direction when GDP-based domestic
trade flows are used is thus opposite that when the model/GO based domestic trade
flows are employed.
The comparison with the model using only international trade flows (M12) also
yields interesting results. The replacement of gross output Y by GDP significantly
biases the multilateral resistance term coefficient estimates and also those for the
international distance. The FTA estimate is statistically unbiased, but the point
estimate is higher than the truth, and also higher than the estimates from the other
specifications. In contrast, the tariff estimate is, of all 4 specifications, the closest
to the truth and also statistically unbiased.
Just as with the gold medal mistake, we thus find that using GDP instead of gross
output to measure exporter mass introduces bias, but this bias is not statistically
significant with respect to the international trade policy variables. The inclusion
of the “right” domestic trade flows yields FTA effect estimates closest to the truth,
whereas the pure international trade flow model performs best for the estimation of
the tariff impact.

[Insert Table 6]
20ln(Y ), now replaced by ln(GDP ).
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4.4 Single distance variable

When simulating the model, we distinguished between the impact of international
distance and domestic distance by setting the coefficient on international distance
equal to -1 and for domestic distance to -0.5, because it appears reasonable to
assume that distance-related international trade barriers exist that are not present
for domestic trade. In Table 7, we investigate what happens if the estimation does
not distinguish between international and domestic distance.
Starting with the “right” domestic trade flow-inclusive models M13 and M15, we
see that the coefficients for the multilateral resistance terms are significantly down-
ward biased, whereas the coefficient on the domestic trade dummy is upward-
biased, as could be expected since this dummy now partly picks up the missing
distinction between international and domestic distance. Looking at the coefficient
of the distance variable, we see that the coefficient is basically equal to -0.5, i.e.,
the true coefficient on domestic distance. Despite the fact that most trade flows are
international, the estimate is determined by the domestic trade flows because they
exceed the international trade flows by far. The international trade policy variable
coefficients are statistically unbiased, but the point values both lie somewhat below
the true coefficient values.
Turning to the GDP-based domestic trade flows, we see that except for the interna-
tional trade policy variables, all coefficient estimates are significantly biased. The
estimate for the effect of the distance variable -0.466 lies, in absolute value, even
below the true coefficient for domestic distance. The FTA effect, although not
significantly biased, lies at 0.32 and thus below the true value; and the estimated
absolute value for the tariff coefficient is also clearly lower than the true coefficient,
although the difference is not statistically significant.
A very different picture arises for the pure international trade flow model (M16).
This model now delivers by far the most precise estimates, because domestic trade
flows are not included and hence distance is always the international distance. The
point estimate for the coefficient on ln(Dist) thus accurately measures the true co-
efficient (-1). The same can be observed for the coefficients of the other variables.
This exercise thus leads us to conclude that if, in reality, the coefficients on interna-
tional and national distance are different, one should either include both distances
as regressors or just use international trade flows. Our result also points to possible
bias if distances are not measured correctly. Given that the literature’s take on the
measurement of gravity distances is not unanimous (e.g. with respect to popula-
tion weighting or whether one uses multiple locations in a country to construct a
distance measure), this seems a potential problem that is often overlooked.

[Insert Table 7]

4.5 Gravity with Country-Time Fixed Effects

We now evaluate the impact of replacing the multilateral resistance terms (Πot and
Pdt), gross output (Yot), expenditure (Edt) and “world” output (wYt) variables by
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exporter- and importer-time fixed effects. Since these two sets of fixed effects will
control for the effects of country-time specific variables, the coefficients of the
country-pair variables should be consistently estimated without omitted variable
bias. As before, we will repeat the basic estimation specifications presented in
Table 4 with differently constructed domestic and only international trade flows.
In general, Table 8 confirms that using exporter- and importer-time fixed effects,
which is nowadays a common practice to control for the unobservable multilat-
eral resistance terms, leads to unbiased estimates for the remaining variable co-
efficients. The omission of the domestic trade flows (column M20) or the use of
the simulated or GO-based domestic trade flow observations (columns M17 and
M19) lead to similar, very precisely estimated coefficients basically equal to the
true ones.
If the domestic trade flows are calculated as the difference between the GDP and
the (gross) total exports (column M18), the point estimates are somewhat differ-
ent from the true coefficients, although the bias remains statistically insignificant,
with the exception of the domestic dummy DB whose coefficient is overestimated
(2.42 > 2). In absolute value, both the coefficient on FTA and on import tariffs is
underestimated, although the difference is not big and statistically insignificant.
The most important take-away from this exercise is that the models with the “right”
domestic trade flows and the model without domestic trade flows basically yield
the same, precise estimates of the true coefficients, whereas the inclusion of GDP-
based domestic trade flows produces slightly inferior estimates. From this, we
conclude that there is no advantage of including domestic trade flows: the model
with just international trade flows delivers estimates that are just as good.

[Insert Table 8]

If only a single distance variable is included jointly with the sets of fixed effects
mentioned, excluding the domestic trade flows (M24) outperforms using any type
of domestic trade flow (Table 9), mirroring the results found in Table 7. In general,
using the “right” domestic flows (M21 and M23), or the GDP-based proxy, lead
to similar results although the GDP-based domestic trade flows increase the differ-
ence of the estimates from the truth. The absolute values of the international trade
policy variable coefficients are downward-biased whenever domestic trade flows
are used. The domestic trade-exclusive model delivers the best results.

[Insert Table 9]

4.6 Three-Way Fixed Effects

We now explore the impact of using three-way fixed effects in the gravity esti-
mation. The inclusion of exporter-importer pair-fixed effects will capture the im-
pact of all time-invariant bilateral factors affecting bilateral trade flows between
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two countries.21 These fixed effects are also used to mitigate the possible endo-
geneity when analyzing the effects of trade policies between countries, like trade
agreements.22 Consequently, only time-variant variables can be included in the
regressions (in our case: FTAodt and ln(1 + τ)odt).

[Insert Table 10]

After the inclusion of fixed effects, only FTAodt and ln(1 + τ)odt remain as re-
gressors. The regression results are shown in Table 10. In general, the use of
three-way fixed effects leads to practically identical results regardless of whether
the “right” domestic trade flows (M25, M27) or just international trade flows are
used (M28), as reported in Table 10. The inclusion of GDP-based domestic trade
flows does not lead to statistically significant bias, but an absolute downward bias
for both estimated international trade policy coefficients is noticeable. In principle,
the results of Table 10 thus confirm the main results of Campos et al. (2021a) that
using domestic trade observations based on the difference between GDP and total
gross exports does not lead to significantly biased estimates with regard to the FTA
effects.
If only the FTA variable is left in the regression and the tariff variable is omitted, all
estimates for the FTA coefficient are upward biased by about a factor 2, as Table 11
shows. The bias is slightly less in size when the GDP-based domestic trade flow
is used, mirroring the lower coefficient estimate of M26 in Table 10. The take-
away of this table is that the omission of tariffs as the other important international
trade policy variable leads to a clear upward bias in the FTA estimate, which is not
surprising because of the strong negative correlation (-0.8) between the two trade
policy variables.23 As was already pointed out in the discussion of the correlation
tables in Section 3, we expect the correlation between these two variables to be
less strong in real-world data, because FTAs tend to be formed between countries
whose tariff barriers against each other are already lower, hence the upward bias
on the FTA variable should subsequently then also be lower. Yet, the results should
serve as a warning that the omission of trade policy variables, for example because
they are hard to measure or tedious to collect, certainly comes with the risk of
biasing the estimates for the included trade policy variables. This bias may be
substantial if the included and the omitted variables are highly correlated.

[Insert Table 11]

5 Conclusion

The inclusion of domestic (intra-national) trade when estimating structural gravity
models is an important topic and has been shown to solve empirical puzzles such

21Symmetric or asymmetric, depending on the nature of the pair-fixed effects used.
22See Baier and Bergstrand (2007) and Yotov et al. (2016, p. 111).
23Additionally, our tariff variable is set equal to zero by construction when o and d form an FTA

(i.e., if FTA = 1, then τ = 0).
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as the missing globalization puzzle (Yotov, 2022). Despite efforts to construct do-
mestic trade data, its measurement remains a challenge, in particular for historical
data. Campos et al. (2021a) have recently claimed that the way how domestic trade
flows are calculated (in particular the correct gross output (GO) based trade flows
vs. GDP based trade flows as proxy) is not important for the estimation of free
trade agreement (FTA) effects in a gravity framework: a surprising finding, since
the size differences between these measures are large, and their correlation of about
80%, while substantial, is not perfect.
In this article, we have revisited the question of the (non)-importance of whether
to include and how to measure domestic trade in a simulation framework. We find
that the conclusion of Campos et al. (2021a), that the exact way how domestic
trade is measured does not matter for the estimation of the effect of FTAs is ba-
sically correct if we evaluate the results based on statistically significant diversion
from the true parameters. However, with regard to the point estimates, marked
differences arise depending on how domestic trade flows are calculated: the GDP-
based domestic trade flows clearly distort the coefficient estimates. Interestingly,
if only international trade flows are used, the results are unbiased and just as pre-
cisely estimated as if one includes the correctly measured (GO-based) domestic
trade flows. Depending on what effects researchers are interested in, the basic
gravity model without inclusion of domestic trade flows may thus be the preferred
alternative after all.
Moreover, our simulation results also underline a basic insight from statistics that
omitted variable bias is more severe the higher the absolute correlation between
omitted and included variables. In our context, the high absolute correlation be-
tween the two international trade policy variables (import tariffs and FTAs) in our
simulated data set implies a strong (in our case upward) bias for the included FTA
variable when the import tariff variable is omitted. This bias appears regardless of
whether or not domestic trade flows are included in the regression. Accordingly,
the omission of other relevant trade policy variables, for example because they are
hard to measure or tedious to collect, may present a substantially more compelling
reason to doubt the validity of the estimation results than the omission or inclusion
of domestic trade flows as additional observations in the structural gravity estima-
tion.
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6 Appendix

6.1 Summary of Campos et al. (2021) data

Table 1: Data Summary of Campos et al. (2021a) for 1995
(39 domestic trade flow observations)

(1)

Mean SD Min Max N
Y GDP 692,003.943 1,484,969.30 3,418.83 7,586,226.00 39
Y PROD 435,720.741 814,978.99 2,811.50 3,676,203.75 39
Y WIOD 423,222.710 812,195.20 2,993.24 3,803,668.00 39
E GDP 691,617.696 1,494,802.73 3,990.23 7,725,554.00 39
E PROD 435,334.507 821,171.37 3,382.90 3,815,531.75 39
E WIOD 422,836.476 819,426.83 3,601.34 3,942,996.00 39
MFN tariff 0.083 0.03 0.00 0.15 39
Dom trade GDP 617,770.058 1,394,515.77 1,807.33 7,154,965.50 39
Dom trade PROD 361,486.859 726,394.19 1,200.00 3,244,943.25 39
Dom trade WIOD 348,988.828 724,902.22 1,238.80 3,372,407.50 39

6.2 True Coefficients for the Simulations

Table 2: Coefficients used in (7)

Coefficient Value Variable
β1 1 Yit
β2 1 Ejt

β3 −1 Yt
β4 5 Πit

β5 5 Pjt

λ1 −1 Int Distij
λ2 −0.5 Dom Distij
λ3 2 DBii

λ4 0.35 FTAijt

λ5 −5 τijt

25



6.3 Summary of simulated data
Ta

bl
e

3:
D

at
a

Su
m

m
ar

y

M
ea

n
SD

M
in

M
ax

N
X

o
d
t

15
,6

90
.0

46
17

3,
79

2.
24

1
0.

00
0

18
,4

89
,7

42
.0

00
9,

00
0,

00
0

t o
d
t

5.
83

5
1.

20
3

0.
16

1
10

.2
80

9,
00

0,
00

0
η o

d
t

1.
00

0
2.

83
1

0.
00

0
5,

07
8.

81
8

9,
00

0,
00

0
Y
t

14
,1

21
,0

00
.8

37
5,

30
1,

65
6.

60
6

3,
19

3,
99

8.
50

0
40

,1
98

,9
12

.0
00

9,
00

0,
00

0
Y
o
t

47
0,

70
0.

02
8

96
5,

52
2.

89
3

36
8.

93
1

20
,6

60
,7

94
.0

00
9,

00
0,

00
0

E
d
t

67
9,

77
9.

54
2

1,
37

3,
29

0.
19

1
1,

13
2.

10
8

35
,9

55
,9

76
.0

00
9,

00
0,

00
0

I
n
t
D
is
t o

d
t

8,
24

1.
96

0
4,

85
6.

19
0

1.
00

0
55

,7
88

.7
77

9,
00

0,
00

0
D
om

D
is
t o

d
t

7.
03

4
53

.1
03

0.
00

0
2,

92
7.

13
5

9,
00

0,
00

0
F
T
A

o
d
t

0.
46

2
0.

49
9

0.
00

0
1.

00
0

9,
00

0,
00

0
τ o

d
t

0.
03

7
0.

04
3

0.
00

0
0.

36
4

9,
00

0,
00

0
Π

o
t

2.
96

3
1.

47
1

0.
10

2
9.

06
1

9,
00

0,
00

0
P
d
t

1.
20

2
0.

77
8

0.
05

9
8.

42
8

9,
00

0,
00

0
X

o
t

52
,3

62
.2

20
19

1,
81

8.
57

6
0.

00
6

7,
46

6,
55

6.
50

0
9,

00
0,

00
0

M
d
t

52
,3

62
.2

20
17

4,
29

3.
91

4
0.

00
5

6,
14

0,
28

4.
50

0
9,

00
0,

00
0

I
N
T
X

o
d
t

1,
80

5.
59

4
19

,6
77

.5
62

0.
00

0
3,

98
9,

91
5.

75
0

8,
70

0,
00

0
D
O
M

(X
)
M
O
D
E
L

41
8,

33
9.

16
6

85
2,

74
1.

90
4

93
.5

09
18

,4
89

,7
42

.0
00

30
0,

00
0

D
O
M

(X
)
G
O

41
8,

33
7.

80
8

85
2,

74
4.

43
0

63
.0

42
18

,4
87

,9
72

.0
00

30
0,

00
0

D
O
M

(X
)
G
D
P

62
7,

43
1.

38
6

1,
30

0,
62

1.
42

9
0.

00
0

35
,9

55
,9

00
.0

00
30

0,
00

0

26



6.4 Simulation results - True Model

Table 4: True Model

M1 M2 M3 M4
ln(Y ) 1.00000 0.82091 1.00000 1.00000

(0.00020) (0.02771) (0.00019) (0.00026)
[0.98516] [0.00000] [0.98451] [0.99653]

ln(E) 1.00000 1.11539 1.00000 1.00000
(0.00021) (0.02258) (0.00020) (0.00026)
[0.98255] [0.00000] [0.99068] [0.98790]

ln(wY ) -0.99899 -0.39363 -0.99899 -0.99878
(0.00126) (0.22427) (0.00064) (0.00435)
[0.97675] [0.00044] [0.99837] [0.98421]

ln(Π) 5.00003 4.53762 5.00000 4.99994
(0.00114) (0.10700) (0.00110) (0.00166)
[0.98987] [0.00001] [0.99547] [0.97137]

ln(P ) 5.00004 4.88774 5.00001 4.99999
(0.00114) (0.10730) (0.00110) (0.00163)
[0.98411] [0.44291] [0.99526] [0.99551]

ln(Int Dist) -0.99999 -0.95069 -0.99999 -0.99998
(0.00049) (0.03136) (0.00049) (0.00051)
[0.98346] [0.15898] [0.97827] [0.97660]

ln(Dom Dist) -0.50000 -0.46750 -0.50000 0.00000
(0.00013) (0.01529) (0.00011) (0.00000)
[0.98896] [0.03786] [0.99904] [ .]

DB 2.00017 2.42717 2.00016 0.00000
(0.00424) (0.25183) (0.00422) (0.00000)
[0.97551] [0.07553] [0.97732] [ .]

FTA 0.35003 0.33621 0.35003 0.35002
(0.00130) (0.06805) (0.00129) (0.00131)
[0.98427] [0.86490] [0.98370] [0.98852]

ln(1 + τ) -4.99963 -4.35286 -4.99965 -4.99961
(0.01716) (0.86153) (0.01713) (0.01743)
[0.98103] [0.41771] [0.98174] [0.98498]

Domestic Trade model GDP GO NO
Notes: Coefficients are the mean of each variable based on 1000 repetitions. The mean standard

error is in parentheses. P-value, H0: the estimated coefficient is statistically equal to the true

coefficient, in square brackets.
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6.5 Simulation results - Gold Medal Mistake

Table 5: Gold Medal Mistake

M5 M6 M7 M8
ln(Y ) 0.60007 0.41769 0.60007 1.16049

(0.01967) (0.03160) (0.01967) (0.06788)
[0.00000] [0.00000] [0.00000] [0.08119]

ln(E) 0.52000 0.65438 0.52000 1.04831
(0.02063) (0.02538) (0.02063) (0.06355)
[0.00000] [0.00000] [0.00000] [0.94686]

ln(wY ) -0.37139 0.07800 -0.37139 -0.23559
(0.22453) (0.30613) (0.22452) (1.09419)
[0.00012] [0.00002] [0.00012] [0.38191]

ln(Int Dist) -0.44340 -0.44195 -0.44340 -0.49759
(0.12324) (0.12441) (0.12324) (0.11823)
[0.00000] [0.00000] [0.00000] [0.00001]

ln(Dom Dist) -0.00533 -0.00267 -0.00533 0.00000
(0.00984) (0.01499) (0.00984) (0.00000)
[0.00000] [0.00000] [0.00000] [ .]

DB 0.78744 1.28442 0.78743 0.00000
(1.12464) (1.13610) (1.12464) (0.00000)
[0.20116] [0.42806] [0.20115] [ .]

FTA 0.16204 0.16185 0.16205 0.16539
(0.34241) (0.34297) (0.34241) (0.31347)
[0.64865] [0.65221] [0.64866] [0.55380]

ln(1 + τ) -4.86099 -4.34853 -4.86098 -3.02122
(4.17429) (4.16694) (4.17429) (3.92404)
[0.82053] [0.71041] [0.82052] [0.51584]

Domestic Trade model GDP GO NO
Notes: Coefficients are the mean of each variable based on 1000 repetitions. The mean standard

error is in parentheses. P-value, H0: the estimated coefficient is statistically equal to the true

coefficient, in square brackets.

28



6.6 Simulation results - Using GDP instead of Y

Table 6: GDP instead of Y

M9 M10 M11 M12
ln(GDP ) 1.00702 1.03369 1.00702 1.00316

(0.01028) (0.00765) (0.01028) (0.00662)
[0.43789] [0.00000] [0.43804] [0.60075]

ln(E) 1.00594 1.02924 1.00594 1.00235
(0.01099) (0.00805) (0.01099) (0.00705)
[0.52705] [0.00014] [0.52718] [0.73056]

ln(wY ) -1.49863 -1.05215 -1.49863 -1.04161
(0.23862) (0.03884) (0.23862) (0.15258)
[0.00386] [0.08522] [0.00386] [0.54937]

ln(Π) 5.34579 5.35509 5.34576 5.71049
(0.09094) (0.05597) (0.09095) (0.05094)
[0.00002] [0.00000] [0.00002] [0.00000]

ln(P ) 4.93195 5.33449 4.93191 5.29729
(0.08366) (0.05697) (0.08366) (0.04989)
[0.38814] [0.00000] [0.38791] [0.00000]

ln(Int Dist) -1.00128 -1.03546 -1.00127 -1.04472
(0.02461) (0.02289) (0.02462) (0.01687)
[0.93550] [0.10507] [0.93568] [0.00695]

ln(Dom Dist) -0.51334 -0.53345 -0.51334 0.00000
(0.01424) (0.00589) (0.01424) (0.00000)
[0.30613] [0.00000] [0.30623] [ .]

DB 1.88130 2.31257 1.88130 0.00000
(0.20098) (0.19216) (0.20098) (0.00000)
[0.53804] [0.07469] [0.53805] [ .]

FTA 0.35217 0.36155 0.35217 0.36761
(0.05566) (0.05449) (0.05566) (0.04059)
[0.92428] [0.84387] [0.92427] [0.64457]

ln(1 + τ) -5.21188 -4.71506 -5.21189 -5.03750
(0.68403) (0.65409) (0.68405) (0.49944)
[0.75317] [0.64738] [0.75317] [0.92060]

Domestic Trade model GDP GO NO
Notes: Coefficients are the mean of each variable based on 1000 repetitions. The mean standard

error is in parentheses. P-value, H0: the estimated coefficient is statistically equal to the true

coefficient, in square brackets.
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6.7 Simulation results - Using a single DIST variable

Table 7: Single DIST variable

M13 M14 M15 M16
ln(Y ) 0.99032 0.81436 0.99032 1.00000

(0.00997) (0.02856) (0.00997) (0.00026)
[0.24088] [0.00000] [0.24085] [0.99653]

ln(E) 0.98751 1.10395 0.98751 1.00000
(0.01085) (0.02515) (0.01085) (0.00026)
[0.16696] [0.00008] [0.16689] [0.98790]

ln(wY ) -0.98134 -0.37955 -0.98135 -0.99878
(0.03980) (0.22537) (0.03977) (0.00435)
[0.53851] [0.00035] [0.53857] [0.98421]

ln(Π) 4.88706 4.44643 4.88703 4.99994
(0.06640) (0.11994) (0.06639) (0.00166)
[0.04278] [0.00000] [0.04274] [0.97137]

ln(P ) 4.88702 4.79643 4.88699 4.99999
(0.06639) (0.12004) (0.06638) (0.00163)
[0.04292] [0.09042] [0.04286] [0.99551]

ln(Dist) -0.50045 -0.46623 -0.50045 -0.99998
(0.00713) (0.01644) (0.00713) (0.00051)
[0.00000] [0.00000] [0.00000] [0.97660]

DB 6.25817 6.56819 6.25815 0.00000
(0.08530) (0.12347) (0.08530) (0.00000)
[0.00000] [0.00000] [0.00000] [ .]

FTA 0.32810 0.31628 0.32810 0.35002
(0.08434) (0.10742) (0.08434) (0.00131)
[0.85362] [0.80460] [0.85363] [0.98852]

ln(1 + τ) -4.96725 -4.34131 -4.96724 -4.99961
(1.03430) (1.32842) (1.03429) (0.01743)
[0.93885] [0.55627] [0.93887] [0.98498]

Domestic Trade model GDP GO NO
Notes: Coefficients are the mean of each variable based on 1000 repetitions. The mean standard

error is in parentheses. P-value, H0: the estimated coefficient is statistically equal to the true

coefficient, in square brackets.
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6.8 Simulation results - Exp- and Imp-Time FE

Table 8: Exp- and Imp-Time FE

M17 M18 M19 M20
ln(Int Dist) -0.99999 -0.99792 -0.99998 -0.99997

(0.00061) (0.00267) (0.00061) (0.00064)
[0.97871] [0.52012] [0.97371] [0.96590]

ln(Dom Dist) -0.50007 -0.49511 -0.50008 0.00000
(0.00118) (0.00756) (0.00119) (0.00000)
[0.93785] [0.52810] [0.93327] [ .]

DB 2.00056 2.42243 2.00065 0.00000
(0.00803) (0.04262) (0.00806) (0.00000)
[0.93304] [0.00000] [0.92524] [ .]

FTA 0.35006 0.34734 0.35006 0.35008
(0.00154) (0.00539) (0.00154) (0.00156)
[0.97376] [0.59922] [0.97372] [0.96120]

ln(1 + τ) -4.99940 -4.95136 -4.99941 -4.99914
(0.02056) (0.06914) (0.02058) (0.02079)
[0.97754] [0.49873] [0.97787] [0.96759]

Domestic Trade model GDP GO NO
Notes: Coefficients are the mean of each variable based on 1000 repetitions. The mean standard

error is in parentheses. P-value, H0: the estimated coefficient is statistically equal to the true

coefficient, in square brackets.

6.9 Simulation results - Exp- and Imp-Time FE and single DIST vari-
able

Table 9: Exp- and Imp-Time FE

M21 M22 M23 M24
ln(Dist) -0.89470 -0.89123 -0.89470 -0.99997

(0.00851) (0.00918) (0.00851) (0.00064)
[0.00000] [0.00000] [0.00000] [0.96590]

DB 4.92413 5.36710 4.92413 0.00000
(0.03459) (0.03925) (0.03459) (0.00000)
[0.00000] [0.00000] [0.00000] [ .]

FTA 0.34434 0.34167 0.34434 0.35008
(0.01502) (0.01621) (0.01502) (0.00156)
[0.68934] [0.58633] [0.68935] [0.96120]

ln(1 + τ) -4.96789 -4.91697 -4.96791 -4.99914
(0.19137) (0.20569) (0.19137) (0.02079)
[0.84892] [0.67633] [0.84899] [0.96759]

Domestic Trade model GDP GO NO
Notes: Coefficients are the mean of each variable based on 1000 repetitions. The mean standard

error is in parentheses. P-value, H0: the estimated coefficient is statistically equal to the true

coefficient, in square brackets.
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6.10 Simulation results - Three-way FE

Table 10: Three-way FE

M25 M26 M27 M28
FTA 0.34987 0.33967 0.34986 0.34991

(0.00359) (0.01375) (0.00360) (0.00367)
[0.98826] [0.53533] [0.98591] [0.99920]

ln(1 + τ) -5.00130 -4.75953 -5.00149 -5.00088
(0.04670) (0.17939) (0.04676) (0.04778)
[0.99500] [0.18568] [0.99165] [0.99889]

Domestic Trade model GDP GO NO
Notes: Coefficients are the mean of each variable based on 1000 repetitions. The mean standard

error is in parentheses. P-value, H0: the estimated coefficient is statistically equal to the true

coefficient, in square brackets.

6.11 Simulation results - Omitting tariff variable

Table 11: Omitting tariff variable

M29 M30 M31 M32
FTA 0.69424 0.66853 0.69425 0.69245

(0.01134) (0.01315) (0.01134) (0.01200)
[0.00000] [0.00000] [0.00000] [0.00000]

Domestic Trade model GDP GO NO
Notes: Coefficients are the mean of each variable based on 1000 repetitions. The mean standard

error is in parentheses. P-value, H0: the estimated coefficient is statistically equal to the true

coefficient, in square brackets.
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6.12 Iterative process of the MRTs

For the construction of the multilateral resistance terms, we based our loop on the
one presented in the appendix and codes of Head and Mayer (2014). The loop
considers each year independently, such that all calculations are performed only
for the evaluated year in each iteration of the loop.

1. The multilateral resistance terms for all countries during period t are set
equal to one as a starting point for the calculations.

2. Then, “new” MRTs are calculated for each country, using the generated out-
put, expenditure, and trade costs, and the “old” MRT values of the evaluated
year t, based on 3 and 4.

3. The inward MRTs are normalized by the value of the inward MRTs of coun-
try “1” during year t.

4. The process is repeated from step two onwards until the variation between
the current and the previous iteration of the loop converges (the change be-
tween the old and new values is smaller than the threshold).

5. When the loop converges for period t of the data, it moves to period t + 1
and repeats steps one to four until the last period is reached.
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6.13 Correlation tables
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