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Estimating the Effects of Non-discriminatory Trade
Policies within Structural Gravity Models

Abstract

We propose a simple method to identify the effects of unilateral and non-discriminatory trade
policies on bilateral trade within a theoretically-consistent empirical gravity model. Specifi-
cally, we argue that structural gravity estimations should be performed with data that include not
only international trade flows but also intra-national trade flows. The use of intra-national sales
allows identification of the effects of non-discriminatory trade policies on the importer side (e.g.
most favored nation tariffs) and on the exporter side (e.g. export subsidies), even in the presence
of exporter and importer fixed effects. An important byproduct of our approach is that it can be
used to recover estimates of the export-supply elasticity and of the import-demand elasticity. We
demonstrate the effectiveness of our techniques in the case of MFN tariffs and “Time to Export”
as representative determinants of trade on the importer and on the exporter side, respectively.
Our methods can be extended to quantify the impact on trade of any country-specific
characteristics as well as any non-trade policies.
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“In the presence of importer and exporter fized effects a variety of potentially interest-
ing trade determinants can no longer be identified in a gravity equation. Notably, (1)
anything that affects exporters’ propensity to export to all destinations (such has hav-
ing hosted the Olympics or being an island), (2) variables that affect imports without
regard to origin, such as country-level average applied tariff, and (3) sums, averages,
and differences of country-specific variables. If any variables of these three forms is
added to a trade equation estimated with importer and exporter fived effects, programs
such as Stata will report estimates with standard errors. However the estimates are
meaningless.”

(Head and Mayer, 2014, pp. 157-158)

1 Introduction

Owing to its theoretical microeconomic foundations and remarkable predictive power, the structural
gravity model has become the workhorse in the empirical trade literature that studies the effects
of various determinants of bilateral trade flows and the impact of trade policies in particularE]
However, as is evident from the opening quote of our study, despite its popularity and empirical
success, the structural gravity equation cannot be used to identify the impact of any unilateral and
non-discriminatory trade policies both on the importer side (e.g. MFN tariffs) and on the exporter
side (e.g. export subsidies).ﬂ

This deficiency of the gravity model poses important challenges to comprehensive quantitative
trade policy analysis because much of today’s trade policy landscape is in fact shaped by various
unilateral and non-discriminatory measures. MFN tariffs and export subsidies are but two classic
examples. More importantly, as emphasized in a series of public speeches by the former Director
General of the World Trade Organization (WTO) Pascal LamyE] the world trade system has evolved

from a state of protection (with the producer in mind) to a state of precaution (with the consumer

!The structural gravity equation has been derived from a series of alternative theoretical foundations
including, but not limited to, Armington-CES, Ricardian, Hekscher-Ohlin, monopolistic competition, het-
erogeneous firms, intermediate goods, and dynamic settings. The corresponding empirical gravity equation
consistently delivers strong fit (of 60 to 90 percent) with aggregate data but also with sectoral data for both
goods and for services. We refer the reader to|Anderson| (2011)), |Costinot and Rodriguez-Clare| (2014), |[Head
and Mayer| (2014)), and [Yotov et al.| (2016) for recent gravity surveys.

“As pointed out by [Head and Mayer| (2014), the effects of such policies cannot be identified within the
structural gravity model because they are perfectly collinear with and absorbed by the importer and/or by
the exporter fixed effects, which have to be included in gravity estimations to control for the multilateral
resistance terms of [Anderson and van Wincoop) (2003).

3See for example the WTO News Speech Release at https://www.wto.org/english/news e/sppl e/sppl243
ehtm, as well as the reactions to Lamy’s speeches at Ihttps://invisiblegreenhand.wordpress.com/2015/03/18
/the-new-world-trade-order-is-about-precaution-not-protection-pascal-lamy/, and at http://www.institutionalinvestor.com/
article/3589010/asset-management-macro/free-trade-has-more-support-than-many-think-says-pascal-lamy.html.
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in mind), where unilateral trade policies such as sanitary and phytosanitary (SPS) measures and
technical barriers to trade (TBTs) are more prominent and more relevant than ever. Similar to the
trade policies summarized in the opening quote, the non-discriminatory nature of the SPS measures
and the TBTs does not allow identification of their impact on trade within a properly specified
(with exporter and importer fixed effects) structural gravity equation.

Motivated by these challenges, the contribution of this paper is to propose a simple method to
identify the impact of unilateral and non-discriminatory trade policies on bilateral trade flows within
the structural gravity model. Our solution consists of a simple and theoretically-consistent adjust-
ment to gravity estimations. Specifically, we argue that gravity regressions should be estimated
with data that include not only international trade flows but also intra-national sales, too. As we
demonstrate in the methodological Section [3.1], the use of intra-national trade allows identification
of unilateral and non-discriminatory trade policies even in the presence of importer and exporter
fixed effects, since the trade policies apply only to international trade flows, while the fixed effects
are defined for both international as well as intra-national observations. In other words, our identifi-
cation strategy relies on the fact that while trade policies may be unilateral and non-discriminatory,
they only apply to international trade, and not to domestic sales.

We demonstrate the effectiveness of our methods in Section [3.3] where we obtain estimates
of the effects of MFN tariffs and “Time to Export” (TTE) as representative unilateral and non-
discriminatory policies on the importer and on the exporter side, respectively.[zf] To perform the
empirical analysis, we build a data set of consistently constructed international and intra-national
manufacturing trade flows. Intra-national trade flows are calculated as apparent consumption,
which is equal to the difference between the values of gross manufacturing production (which come
from UNIDO’s INDSTAT?2 Industrial Statistics Database) and total exports (which come from the

United Nation’s COMTRADE database) E]

4Data on MFN tariffs, as the most widely used tariff policy, come from UNCTAD’s Trade Analysis
Information System (TRAINS). On the exporter side, we focus on “Time to Export”, defined as the number
of days it takes to export a standardized cargo of merchandise. We use this variable because it is a non-
discriminatory and country-specific determinant of exports for which data are available for many countries
and over a long period of time. The TTE data come from the Doing Business Report within the World
Development Indicators (WDI) Database of the World Bank.

SWe offer a detailed description of our data in Section It should be emphasized that databases
that offer consistently constructed international and intra-national trade flows are more widely available and
accessible nowadays. Two examples include the GTAP database and the WIOD database.



Our most important result is that we can indeed identify the estimates of the effects of both
non-discriminatory trade-policy variables (MFN tariffs and TTE), in the presence of importer and
exporter fixed effects, without any collinearity issues. In addition, we note that, in accordance
with our intuition and despite the fact that our covariates were selected for methodological and
demonstrative purposes, the estimates of the effects of MFN tariffs and “Time to Export” have the
expected negative signs; they are statistically significant; and they also have plausible economic
magnitudes. In particular, our preferred econometric specifications deliver estimates of the impact
of MFN tariffs that are used to obtain structural values for the trade elasticity parameter of around
4.3 to 6.9, which are readily comparable to corresponding estimates from the existing literature.ﬁ
Furthermore, our preferred estimates of the coefficient on “Time to Export” reveal that an additional
day of time to export reduces trade flows by around 3.5 percent.

The contribution of this paper is related to several strands of the literature. First, from a
methodological perspective, our approach improves on three existing methods to identify the impact
of unilateral policies and country-specific characteristics within the gravity literature: (i) Numerous
papers have used country-specific variables directly in a-theoretic empirical gravity models that
do not control for the multilateral resistances (MRs) and, therefore, deliver estimates that are
potentially biased and subject to the critique of Anderson and van Wincoop, (2003)). In relation to
these papers, our methods allow identification of the effects of country-specific variables even in the
presence of exporter and importer fixed effects, which control for the MRs; (ii) Some authors have
constructed new dyadic variables as combinations of the country-specific variables of interest[] The
coefficients of the new bilateral variables can be estimated in the presence of exporter and importer
fixed effects. However, this approach does not allow for interpretation of the impact of the country-
specific variables. Our contribution in relation to this literature is that our methods allow for direct
identification and clear interpretation of the effects of country-specific variables without the need

of bilateral transformations; (iii) Finally, a third group of papers have implemented a two-stage

5For example, [Head and Mayer| (2014) offer a summary meta-analysis estimate of the elasticity of substi-
tution o = 6.13.

"For example, Rauch and Trindade| (2002) identify the effects of ethnic networks on bilateral trade by the
product of the ethnicity share in the two counties. Similarly, /Anderson and Marcouiller| (2002) construct a
dyadic ratio variable for the strength of institutions for defending trade. |[Djankov et al.| (2010) estimate the
impact of the ratio of time to export of two countries exporting to a third country by using the ratio of the
two countries’ exports.



estimation approach where, in the first step, the appropriate set of exporter and importer fixed
effects are included in the gravity regression, and then, in the second step, the fitted values of the
fixed effects are regressed on the policy variables of interest which could not be included in the first
step.ﬁ Even if the first-stage fixed effects are estimated consistentlyff] the two-step approach has been
criticized because its asymptotic properties have not yet been established formally. Furthermore,
if the first-stage gravity estimates are obtained with the PPML estimator, which has become the
standard for gravity regressions (see Santos Silva and Tenreyro, 2006)), then the fixed effects can
be predicted perfectly in the second stage by the the structural gravity terms (i.e. by size and the
MRs, see [Fallyl, [2015) and, therefore, identification of other country specific variables in the second
stage is not possible.

Second, from a practical perspective and as emphasized above, our methods allow for identifi-
cation of the impact of non-discriminatory and unilateral trade policies on the exporter side and on
the importer side. Thus, our work contributes to the literature on the trade effects of MEFN tariffs
(see for example |Augier et al., 2005)) as well as to the literature concerning trade facilitation (see for
examples |Wilson et al., 2005; Martinez-Zarzoso and Marquez-Ramos, 2008; \Djankov et al. [2010) by
allowing for estimation of the effects of such policies directly within the structural gravity model.
While the focus of the analysis in this paper is on trade policies, our methods can be extended and
applied more broadly to obtain estimates of the effects on trade of any country-specific characteris-
tics (e.g. size and institutions) as well as any non-trade policies (e.g. value added taxes and exchange
rates), thus having much broader implications and contributing to a much wider literature.

Third, a potentially important byproduct of our approach is that it can be used to obtain
estimates of the elasticity of substitution, which is the single most important parameter in the
international trade literature, see /Arkolakis et al. (2012]). Since MFN tariffs are a direct price-shifter,
gravity theory can be used to recover the elasticity of substitution directly from the estimate of the

coefficient on MFN tariffs|'’] Thus, we contribute to the literature that aims at estimating trade

8Examples include Eaton and Kortum| (2002), Head and Ries| (2008), Anderson and Yotov| (2012), and
Head and Mayer| (2014).

“Only recently the consistency of the model parameter estimates in nonlinear panel models with two
types of fixed effects has been shown by [Fernandez-Val and Weidner| (2016)).

OWe refer the reader to |[Heid and Larch| (2016) for a formal derivation of the structural gravity system
with tariffs.



elasticities.@ While bilateral measures of effectively applied tariffs have previously been used to
identify the trade elasticity in structural gravity frameworks, e.g. |de Sousa et al.| (2012), [Egger and
Larch| (2012)), |Aichele et al.| (2014), and Heid and Larch (2016) to date MFN tariffs have not been
used as the literature so far has focused on estimating gravity models using international trade data
only and, as noted above, the effects of MFN tariffs in such settings are absorbed by the importer or
importer-time fixed effects in structural gravity models. The ability to use MFN tariffs has several
practical advantages. Specifically, MFN tariffs are the predominant form of non-discriminatory
trade policy. In addition, MFN tariff data are widely accessible and available over a long period of
time and for a wide range of countries.

Fourth, with appropriate data on export support (e.g. with data on export subsidies, which may
also take the form of direct price shifters), our methods can also be used to recover estimates of
the export supply elasticities, which have been of significantly lower interest to the trade profes-
sion. Exceptions to this include Kee et al. (2004), Broda et al. (2006), Tokarick (2014), Imbs and
Mejean| (2015), and Tmbs and Mejean| (2017). The ability of our method to recover estimates of the
import demand elasticities and of the export supply elasticities has broader implications for trade
policy analysis because our approach enables researchers to perform general equilibrium simulation
experiments with elasticity parameters that have been obtained within the same theory-consistent
structural estimation framework.

Finally, our work is related to a literature that already has capitalized on some of the benefits of
using intra-national trade flows within the structural gravity modelr_zl For example: |Anderson and
van Wincoop| (2003)), |de Sousa et al.|(2012)) and |Anderson et al.| (2015 use intra-national trade data

to estimate border effects; | Anderson and Yotov| (2010) use intra-provincial and inter-provincial sales

HGee for example Eaton and Kortum| (2002), Anderson and van Wincoop| (2003), Broda et al.| (2006)), Kee
et al.[ (2008) and |Simonovska and Waugh| (2014). |Costinot and Rodriguez-Clare| (2014) and |Head and Mayer
(2014) provide discussions of the available estimates of the elasticity of substitution and trade elasticity
parameter.

12While the current literature review focuses on the most closely related papers from a methodological
perspective, we also note that our work is related to a recent and more broad literature that recognizes
the importance of intra-national trade frictions. For example, Ramondo et al.| (2016) demonstrate that the
standard findings (i) that larger countries should be richer than smaller countries and (ii) that real income
per capita increases too steeply with country size, disappear when intra-national trade costs are taken into
account. [Donaldson| (2016) studies the implications of intra-national trade costs in the form of railroad
network in India for productivity and welfare. |(Cogar and Demir| (2016) and |Cogsar and Fajgelbaum| (2016
consider the impact improvements in transportation infrastructure and internal geography when trade must
pass through gateway locations.



to study the impact of trade liberalization within Canada; Yotov| (2012)) uses intra-national trade
flows to resolve ‘the distance puzzle’ in international trade;|Dai et al.|(2014) employ domestic sales in
order to identify the impact of free trade agreements; finally, |[Bergstrand et al.| (2015) rely on intra-
national trade flows in order to identify the impact of globalization and the evolution of international
borders over time. A common feature of all of these studies is that they use intra-national trade
flows data in order to identify the impact of bilateral variables within the structural gravity model.
Thus, the analysis in none of the above-mentioned studies is subject to the challenges from the
motivational quote of our paper. Instead, the contribution of our work is exactly to address these
challenges by recognizing and highlighting the ability of the structural gravity model to identify the
impact of unilateral and non-discriminatory trade policies.

The rest of the paper is organized as follows. Section 2 briefly reviews the structural gravity the-
ory (in Section and illustrates our identification strategy (in Section [2.2)). Section [3]introduces
our econometric specification (in Section , describes our data (in Section , and presents the
empirical applications to MFN tariffs and TTE (in Section [3.3)). Finally, Section {] concludes with

summary remarks and directions for possible extensions and future work.

2 Theoretical Foundation and Identification Strategy

We start with a brief review of the theoretical foundations of the structural gravity model. Then,
more importantly, in Section we discuss the issues with the identification of the effects of non-
discriminatory trade policies within the structural gravity model and we offer a simple solution to

overcome these challenges.

2.1 Theoretical Foundation

As demonstrated in the seminal paper of |Arkolakis et al. (2012), and as summarized in the survey
articles of Head and Mayer (2014) and |Costinot and Rodriguez-Clare| (2014)), a large class of trade

models lead to the following structural gravity equation for bilateral trade flows X;; from country



1 to j:

_ Y E;

X.. = %
iJ Qsz

were T;; is a function of bilateral trade costs between 4 and j, including both tariffs and non-tariff
trade costs. Structural gravity models impose the condition that the value of production in country
i equals its total sales to all countries, including domestic sales, ¥; = > ; Xig and that expenditure
in country j equals the sum over all imports, E; = >, X;;. §; and P; are outward and inward

multilateral resistance terms which are defined by the following system of equations:
Q= P TimEm, Pi=Y Q. iV (2)

The same equations apply at the aggregate and sector level when according measures of sectoral
production and expenditure are used.

The final step in defining an operational structural gravity model is to define bilateral trade
costs T;j. In general, 7;; can be decomposed into two parts:

17 7

where 7;; is a direct demand shifter, for example MFN tariffs, in which case 7;; is equal to 1 +
the ad-valorem MFN tariff rate. €; is a direct measure of the demand elasticity with respect to
price. In the|Anderson and van Wincoop| (2003) structural gravity framework,e; is equal to —o, the
elasticity of substitution between varieties from different countries. Tj; is a measure of non-tariff
barriers. Many researchers specify non-tariff barriers as a function of, inter alia, bilateral (log)
distance between countries, whether countries share a common border, language, colonial history

or trade agreement membership. In general,

9
7, =TI, g
f

where t;; ; denotes individual measures of non-tariff barriers as mentioned above, and d; is the



corresponding tariff equivalent trade cost elasticity of barrier f. Again, in the [Anderson and van
Wincoop| (2003) framework, €2 equals (1—0). The different elasticities between tariffs and non-tariff
barriers stem from the fact that tariffs are paid by the consumer and hence are applied to the price
of goods including trade costs, whereas non-tariff trade costs are borne by the producer.ﬁ As is
well known by now (see e.g. Arkolakis et al.; 2012/ and Head and Mayer, [2014), using the |[Eaton and
Kortum, (2002)) framework replaces (1 — o) by —6, a parameter which measures the variability of
productivity across countries. For expositional convenience, we will stick to the [Anderson and van
Wincoop| (2003) framework from now on. However, we note that our methods to identify the impact
of non-discriminatory trade policies are independent of the specific theoretical micro-foundations
of the structural gravity model. Thus, for example, the elasticity of substitution between varieties
that we will obtain in the empirical analysis below can also be interpreted as a method to estimate

the technology parameter 6.

2.2 Identification Strategy

Our identification strategy is best demonstrated by an example. We first show that our method
works in a cross-section setting, then we discuss an extension to applications with panel data.
Consider a cross-sectional bilateral trade data set that consists of trade flows between three coun-
tries {A, B, C}, including both domestic sales as well as international trade flows. The goal is to
demonstrate that we can estimate the effect of MEFN tariffs on trade flows while controlling for the
structural multilateral resistance terms by including a full set of exporter and importer fixed effects.

The following is a representative relevant excerpt of the data matrix:

13The actual incidence of trade costs and tariffs is a different matter, see |Anderson and Yotov]| (2010).



# exporter importer n1 m2 m3 w1 pe  pz I IngMEN T

1 A B (1 0o o o0 1 0 1 IntHFN ]

2 A c 1 0 0 0 0 1 1 IngMFN

3 B A o1 o 1 0 0 1 In T} EN

4 B o} 6 1 0 0 0 1 1 InrMEN

5 C A o 0o 1 1 o0 0 1 InTATEN )
6 c B o 0o 1 o 1 0 1 InTMEN

7 A A 1 0 0 1 0 0 0 0

8 B B o1 0 0 1 0 0 0

9 C c o0 1 0 0 1 0 0 i

Column one identifies the observations. Columns “exporter” and “importer” denote the
respective exporting and importing country. 7; to 13 are the exporter dummies/exporter
fixed effects, while p; to pg are the importer dummies/importer fixed effects. [ is an indicator
variable which is one if the trade flow is international, and zero for intra-national trade
flows. The last column is our regressor of interest, i.e., the non-discriminatory unilateral
MFN tariff vector 7MY which, by definition, is set to zero for all intra-national trade flows.
Note that when estimating structural gravity models we have to drop one of the exporter
or importer dummies due to perfect collinearity. This is a standard collinearity concern,
which is independent of trying to identify non-discriminatory trade policy. Without loss of
generality, our choice in the subsequent analysis is to drop the fixed effect n3. We note,
however, that our methods apply regardless of this normalization choice.

We start with a brief demonstration of why standard gravity analyses are unable to
identify the impact of non-discriminatory trade policies. Typically, researchers only use
international trade flows, i.e. observations one to six. Hence, the corresponding data matrix

can be represented as follows:



# exporter importer 71 m2 p1  p2 w3 InTMFN

1 A B [1 0o 0 1 0 IntMFN]
2 A c 1 0 0 0 1 InsMFN
3 B A 0 1 1 0 0 InT}fFN
4 B c 0 1 0 0 1 IngMFN (6)
5 C A 0 0 1 0 0 lnTAMFN
6 o B 0 0 0 1 0 IntTMEN]

Inspection of the relationships in matrix @ reveals that the non-discriminatory MFN

MFN

tariff vector, In T , is perfectly collinear with the set of vectors of the importer dummies,

M1, f2, and M3t

MF

pr In TN 4y In r N g In 7N = In 7 MEN, (7)

Thus, due to perfect collinearity, it is impossible to identify the impact of MFN tariffs in a
typical gravity specification that only uses international trade data and employs a proper set
of exporter and importer fixed effects to control for the unobservable multilateral resistance
terms. This is exactly the reason that motivated the opening quote in our paper by Head
and Mayer| (2014)).

Next, we offer a simple (and theoretically consistent) adjustment to structural gravity
specifications that will enable us to identify the effects of non-discriminatory trade policies,
such as MFN tariffs, even in the presence of exporter and importer fixed effects. Specifically,
we demonstrate that adding intra-national trade flow observations breaks the perfect mul-
ticollinearity from our previous example. Adding intra-national trade flows to matrix @

obtains:

10



# exporter importer m1  m2 p1 pe ps I InTMEN g

1 A B 1 o o0 1 o0 1 In TN

2 A C 1 o o0 0 1 1 InTMEN

3 B A 0 1 1 0 0 1 In T} EN

4 B c 0o 1 o0 o0 1 1 InrMEN

5 c A o 0o 1 0 o0 1 In TN )
6 c B 0o 0 o0 1 0 1 InTMEN

7 A A 1 0o 1 0 0 O 0

8 B B 0o 1 o0 1 0 0 0

9 o} C Lo o0 0 0 1 0 0 J

Here, observations 7-9 represent the additional observations for intra-national trade. If
MFEN tariffs were perfectly collinear with the rest of the variables in matrix , then there

would have to exist a non-zero solution, aj, a3, ..., a3, for the following system of equations:

Qi A adne + gy + alpg + aips + afl + ok In MY x [ =0. (9)

In other words, if MFN tariffs were perfectly collinear with the rest of the variables in matrix

, then the vector In 7¥Y x I could be expressed as a linear combination of the dummies:

Q1 + Qame + agfin + cupis + aspis + ol = In TN X T (10)

where a; = —aj/a3, ..., ag = —af/ab.

We now prove that non-discriminatory tariffs are linearly independent from the dummies
by contradiction.m Focus on observation 9 in matrix . To express the last column as a
linear combination of the remaining columns, a; has to be equal to zero. In addition, to
fulfill Equation for observation 8, it follows that as = —ay. Similarly, it follows from

observation 7 that a; = —a3. We then can re-express Equation in matrix form as:

4The remaining analysis is performed under the realistic assumption that there is sufficient variation
in the MFN tariffs and they do take non-zero and different values, i.e., we exclude the trivial cases of
multicollinearity.

11



# exp. imp. | cum 4+ am2 + osm +  aape + aspz +  ogl = InTMIN T

1 A B ar |+ o] + 0 + [—as] + 0 + [as] = [ WnrMFN ]

2 A C o + 0 + 0 + 0 + 0 + ag — In TngN

3 B A 0 + a2 + | —a1| + 0 + 0 + |lag| = In7MFN

4 B c 0 + a2 + 0 + 0 + 0 + lag| = In7MEN

5 c A 0 + 0 + | —a1| + 0 + 0 + lag| = InTMEN (1)
6 c B 0 + 0 + 0 + | o2 | + 0 + | as = InTMEN

T A A o1 | + | 0| 4+ |—a| + O |+ ] 0|+ O] = 0

8 B B 0 + o + 0 + | —a2| + 0 + 0 = 0

9 C C 0o 1 + 0o 1 + 0 + L O + 0 + 0 = | 0

It is clear from system that the equations corresponding to observations 7 to 9 fulfill
the condition for perfect collinearity.

Next, focus on observations 1 and 6. From these two lines we see that they can only
sum up to In 73N if oy = 0. This, in turn, implies that, from equations corresponding to
observations 2 and 4, ay has to be equal to zero for perfect multicollinearity. Now we are
left with ag, which would have to take three different values in order to fulfill equations 1
to 6. Thus, the only solution for the system of equations in (10]) is the trivial solution that
af = ... = a3 = 0, implying that a non-discriminatory MFN tariff is linearly independent
from the set of exporter and importer dummies when including intra-national trade flows.

The MFN tariff is an example for a non-discriminatory trade policy which is identical
across all exporting countries for a specific importer. A similar line of reasoning can be
applied to show that a non-discriminatory trade policy on the exporter side, such as export
subsidies or time-to-export, can be identified. For brevity of exposition we delegate the
detailed analysis of the collinearity issues on the exporter side to Appendix [A]

Next, we extend the analysis to demonstrate that our methods can be used to identify
simultaneously both, non-discriminatory importer policies as well as non-discriminatory ex-
porter policies in the presence of the full set of exporter and importer fixed effects. The

corresponding representative data matrix takes the form:
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# exporter importer n1  m2  p1  pe w3 I TTTE XTI IntMEN 1

1 A B (1 0o o 1 o 1 iTE In M N

2 A C 1 0 0 0 1 1 rITE InrMEN

3 B A o 1 1 0 0 1 TETE In T EN

4 B (o} o 1 0 0 1 1 TETE InrMEN

5 c A o 0o 1 0 0 1 LTE Inr{IFN (12)
6 C B o 0o o 1 0 1 LT InTMEN

7 A A 1 0 1 0 0 0 0 0

8 B B 0 1 0 1 0 0 0 0

9 c C lo 0o 0o o0 1 0 0 0 ]

Following the exposition of the previous case, we first note that perfect collinearity would

exist if In 7N x I can be expressed as a linear combination of the dummies and 777F x I,
i.e., if:

Qi + Qo + g + aupty + iz + agl + ot TE x T =In TN x T, (13)
where a; = —aj/af, ..., ar = —ak/ad.

Focus on observation 9 in matrix (12]). To express the last column as a linear combination

of the remaining columns, as has to be equal to zero. In addition, to fulfill Equation (|13

for observation 8, it follows that as = —ay. Similarly, it follows from observation 7 that
a; = —as. We then can re-express Equation in matrix form as:
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# exp. imp. |e1m 4+ agnz  +  azpr +  aape 4+ asps + agl  + arrTTEx1 = mmsMFN g

1 A Bla] + [0] + [o] + [-e2] + [O] + [as] + [errfTE] = [ nrpfFN ]

2 A Clla| + |0 + 0|+ [0]| 4+ 0] + |ag| + |orriTF | = | 7N

3 B A0 + || + |—aa| + [ O | 4+ 0| + |ag| + | owrETE | = | W}V

4 B C|lo]| + |a| + | 0| + 0| + |0]| 4+ |ag| + |arrETE| = | MV

5 C Ao + |O0| + || + | O] + |O| 4+ |as| + |arrETE| = | In7{IFN (14)
6 C B0 4+ |0 4+ | 0| 4+ |—a2f + |0]| + |as| + |arrdTE | = | Wn7ffFN

7T A Alfla| + [O0O] + || + [ O | 4+ [O| + [O0O] + 0 = 0

8 B B I||0]| + |ea| + | 0| + |[—az| + |O0] + |O]| + 0 = 0

9 ¢ c¢ Lol + Lol + Lol +Lo) + Lol + Lol =1 o 1 =101 0o |

System implies that the equations corresponding to observations 7 to 9 fulfill the
condition for perfect collinearity. Next, focus on observations 1 and 6. Assuming that

TiTE £ 7L £ 7ITE L In 74 EN oL In 7 MEN £ In 7MFN £ 0, we find the following solution

(which can be checked by plugging in into observations 1 to 6): a; = In 73N — In 71N
TTE MFN TTE MFN MFN
— MFN MFN _ Ta “lnTgtoTs " lnTy _ In7y " " —as . TTE _
ag =In7a "N —InTg "N, ag = %TE_T%TE , and a7 = —rTr— with 7,° % =
TTTE 1HTA/[FN—TTTE lnT]VIFN+TTTE 1HTIVIFN_7_TTE 1n7_]\/IFN . .
B A c A B B ¢—. Thus, in theory, there could exist a real-

InTg —InTtg

ization of the data for which perfect collinearity would not allow identification of the impact
of MFN tariffs and TTE simultaneously. Note however, that this would only happen if there
were a specific functional dependence between the exporter-specific non-discriminatory trade
policies across countries. This is unlikely to hold in practice as trade policies like tariffs are
typically not set in such a systematic manner across countriesE] In sum, we attach zero
probability to the existence of a combination of data that satisfies these conditions, which
implies that MFN tariffs are not perfectly collinear with the rest of the variables in m

Thus, we have demonstrated that it is possible to identify the effects of non-discriminatory

15Compare this to the typical dummy variable trap, where e.g., the dummy FEMALE is a function of
1—- MALE.
6There are other solutions for specific data constellations. For example, if In7AFN = In7MEN

and 75T = 7ITF  a solution is oy = In7MEN — Inr{FN ay = 0, ag = (AT InrMIN —

& TE I ENY [(7TTE — 7ATEY o = (In 7} N — o) /73 TE. In each of these cases to hold, there would
either have to be one or more of the variables to be zero and/or the variables would have to take the same
values for some of the observations. Therefore, with sufficient variation in the regressors of interest, we can

rule these scenarios out.
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export and import trade policy at the same time.

The arguments for identification of the effects of non-discriminatory MFN tariffs and
TTEs in a cross-section setting that we presented thus far translate to the panel case, where
the main difference is that controlling for the unobservable multilateral resistance terms
requires the use of exporter-time and importer-time fixed effects. Intuitively, the panel
setting can be decomposed into a sequence of cross-section matrices. Furthermore, our
methods apply even in the presence of bilateral fixed effects.

To demonstrate the validity of our approach we consider a panel with only two time
periods, however, it is straight-forward to extend the analysis to more years. With the two-
period panel data, we can apply a first-difference strategy. This will wipe out all of the
bilateral fixed effects and also requires us to express all remaining variables in changes. The

system in changes that corresponds to Equation @ is:
AL + a3 A iy + aAps + AN + aiAny + ag AT+ aiA (In 7N x 1) = 0. (15)

Due to its identical structure, it is clear from Equation that all of the arguments and
steps that we took in order to demonstrate the validity of our methods in the cross-section

case apply here as well.

3 Empirical Analysis

This section demonstrates the empirical validity of our methods with applications to actual
data. Specifically, we consider two non-discriminatory trade policies. On the importer side,
we obtain estimates of the effects of MFN tariffs within the structural gravity model. On
the exporter side, we obtain estimates of the impact of ‘Time To Export’ as a representative

country-specific and non-discriminatory trade determinant.
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3.1 Econometric Specification

To implement our methods, we capitalize and extend on recent developments in the empirical
gravity literature. Our departing point is the following estimating equation, which is based

on Equation ([1)):
Xijt = exp[filn T%FN x Ijj + Bomiy B X Iij + GRAV jjpy + mig + pje + €i5¢), Vi, j. - (16)

Here, X;;; denotes nominal trade flows from exporter 7 to importer j at time ¢. In order
to be as general as possible, we set up the estimating equation under the assumption that
it will be implemented with panel data. However, in order to demonstrate the validity and
robustness of our methods, we also implement Equation in a cross-section setting. A
very important difference between Equation and the typical gravity equations from the
related empirical literature is that includes not only international trade observations,
(Xijt,j # i), but internal trade flows observations (X;;) as well. As demonstrated in the
previous section, the addition of intra-national trade flows is the key adjustment that will
enable us to identify the impact of non-discriminatory trade policies on bilateral trade within
(T6).

The regressors enter exponentially because we follow [Santos Silva and Tenreyro
(2006) to estimate the gravity model with the Poisson Pseudo Maximum Likelihood (PPML)
estimator. Santos Silva and Tenreyro (2006) demonstrate that, since trade flows exhibit a
large degree of heteroscedasticity, estimating a log-linearized version of leads to incon-
sistent parameter estimates due to Jensen’s inequality. Therefore, they propose the use of
PPML as an alternative that overcomes this deficiency of the standard OLS estimator. An
additional advantage of the PPML estimator is that, since the gravity model is estimated
in multiplicative form, PPML enables us to take advantage of the information that is con-
tained in the zero trade flows. The use of any specific estimator does not play a role for the
implementation of our methods and does not affect their effectiveness. However, in order

to demonstrate the robustness of our approach, in the sensitivity analysis we also obtain
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estimates using the OLS estimator.

Turning to the covariates in : 75/ "N is defined as one plus the uniform MFN tariff

rate that country j levies on all imports that enter the Country.E] In order to emphasize that
MFEN tariffs do not apply to intra-national trade flows but only to imports from abroad, we
MFN

interact In 7;

it which is equal to one for international trade

with an indicator variable I;;,
and set to zero for intra-national trade. MFN tariffs fit our purpose perfectly because: (i)
MEFEN tariffs represent a non-discriminatory trade policy; (ii) MFN tariffs are the prevailing
form of trade protection via tariffs due to WTO rules; (iii) MFN tariffs are a direct price
shifter, which implies that we can recover an estimate of the trade elasticity of substitution
from the estimate on MFN tariffs within the structural gravity model; and (iv) finally, data
on MFN tariffs is more reliable (as compared to data on other, non-tariff protection measures)
as they are easier to measure and more widely available.

7ITE is defined as the number of days it takes to export a standardized cargo of merchan-
dise, including the time it takes to go through all official procedures which have to be fulfilled

to export the good. Similar to the case of MFN tariffs, we interact 7I7F with the interna-

tional border dummy I;;. Thus, by construction, 7.}

TE % I, represents a non-discriminatory
trade policy variable that only applies to exports.

GRAV,;, is a vector of variables which includes all standard time-invariant gravity co-
variates (e.g. the log of bilateral distance, common language, etc.) as well as time-varying
determinants of trade (e.g. regional trade agreements (RTAs)). We will experiment by re-

placing the time-invariant bilateral gravity variables with a full set of pair fixed effects.

Finally, n;; denotes the set of exporter fixed effects, which will control for the unobserv-

7In our data set, we apply the MFN tariff to all countries to ensure that it really is non-discriminatory
across countries. However, we recognize that countries may apply different tariffs, e.g. various preferential
rates. Furthermore, in principle, WTO-MFEN tariffs only apply to WTO member states. However, many
countries apply their MFN tariff also to non-WTO members, and non-WTO member countries report MFN,
i.e., non-preferential, tariff rates in TRAINS. As of October 2017, the following countries are not members
of the WTO: Algeria, Andorra, Azerbaijan, Bahamas, Belarus, Bhutan, Bosnia and Herzegovina, Comoros,
Equatorial Guinea, Eritrea, Ethiopia, Holy See, Iran, Iraq, Kiribati, Lebanese Republic, Libya, Marshall
Islands, Micronesia, Monaco, Nauru, North Korea, Palau, Palestine, San Marino, Sao Tomé and Principe,
Serbia, Somalia, South Sudan, Sudan, Syria and Uzbekistan. In our data set, of these only Belarus, Eritrea,
and Ethiopia are included. We make sure that the MFN tariff rates are non-discriminatory in our data set.
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able outward multilateral resistances and also will absorb any other country-specific trade
determinants on the exporter side. Similarly, ;; denotes the set of importer fixed effects,
which will control for the unobservable inward multilateral resistances and also will absorb
any other country-specific trade determinants on the importer side. ¢;;; is a remainder error

term.

3.2 Data

In order to perform the empirical analyses, we construct an unbalanced panel data set for
68 countries for the years 2005 to 2012[' We start in 2005 because data on one of our main
regressors of interest (time to export, TTE) are only available since 2005. We end in 2012
because the production data we need to construct intra-national trade flows end in 2012. Our
data cover four key components, including: (i) international trade flows; (ii) intra-national
trade flows; (iii) non-discriminatory trade policies; and (iv) standard gravity variables.
International Trade Flows. Data on international trade flows come from the United
Nations” COMTRADE database, which is the standard and most comprehensive source
for international trade flows data.m To create our data set, we keep every country pair
observation which we observe at least twice such that the bilateral fixed effects do not
perfectly predict bilateral trade flows by construction. We focus on manufacturing trade.
The reason is the need to construct proper intra-national trade flows, which we discuss next.
Intra-national Trade Flows. Availability of intra-national trade flows data is crucial for
the implementation of our methods. We construct domestic trade flows as apparent con-
sumption, i.e. as the difference between the value of domestic production minus the value of
total exports. While it is tempting to obtain aggregate domestic sales as the difference be-
tween GDP and total exports, we do not recommend this approach due to the inconsistency

between the measure of GDP as value added and the measure of total exports as gross value.

I8 A list of the countries in our data set appears in Section [B| of the Appendix.
19We access UNCOMTRADE via the World Integrated Trade Solution (WITS) website at http://wits.
worldbank.org/default.aspx.
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In other words, in order to construct consistent intra-national trade flows, we need gross
production value data. Therefore, we rely on the UNIDO’s Industrial Statistics Database
(INDSTAT?2), which offers cross-country gross production manufacturing data.@ We also
note that, recently, more and more data sets include consistently constructed international
and intra-national trade flows. Thus, the implementation of our methods is not limited
to the data set that we use for the current analysis. The GTAP database and the WIOD
database are two prominent examples.

Non-discriminatory Trade Policy Variables. In order to demonstrate the effectiveness of
our methods, we employ two non-discriminatory trade policies; one on the importer side, and
one on the exporter side. Our choice of a non-discriminatory importer trade policy is MFN
tariffs. As noted earlier, while we do recognize (i) that in some cases countries apply different
tariffs, e.g. various preferential rates, instead of MFN tariffs, and (ii) that, in principle, MFN
tariffs only apply to WTO member states, in our data set we apply the MFN tariff to all
countries to ensure that this variable really is non-discriminatory across countries. Data on
MEN tariffs come from UNCTAD’s Trade Analysis Information System (TRAINS) which
we access via World Integrated Trade Solution (WITS) ]

Our choice of a non-discriminatory exporter policy variable is time-to-export (TTE).
It is part of the World Bank’s Doing Business project which collects information about
measures of business regulation, including policies which impact imports and exports, for a
wide range of countries over time.@ TTE measures the number of days it takes to actually
export goods. This includes three distinct parts: 1.) the time it takes to gather all domestic
documents needed for exports, 2.) the time to proceed through customs and comply with
border regulations, and 3.) the time of domestic transport to the final port of embarkment.
The data are collected via questionnaires sent out to exporting firms, port, and customs

authorities as well as domestic freight companies. Time measurement of the raw data is

20UNIDO’s INDSTAT2 database can be accessed via http://www.unido.org/en/resources/statistics/
statistical-databases.html.

“!See wits.worldbank.org.

22Data can be downloaded at http://databank.worldbank.org/data/.
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done in hours and is then transformed to daysf’] The TTE variable is available beginning
in 2005 only, which is therefore the start year of our panel data set. The crucial aspect of
TTE is that it is by definition a non-discriminatory (export) trade policy as it applies to all
export destinations in the same way, as there is only one value of TTE which is identical
across all export destinations.

Other Data. We also use a series of control variables. In order to perform the main
analysis with panel data, we employ bilateral fixed effects that absorb all time-invariant
bilateral determinants of trade. However, we cannot use directional bilateral fixed effects
in our cross-section regressions. Therefore, in this case, we rely on the set of standard
gravity variables from the literature. Specifically, we use data on bilateral distance, common
language, contiguity, and colonial ties, which are taken from CEPII’s Distances Database
(see Mayer and Zignago|, [2011)). An important advantage of CEPII’s Distances Database for
our analysis is that it provides population-weighted distances, which can be used to calculate
consistently both bilateral distances as well as internal distances. Finally, our measure of
regional trade agreements comes from Mario Larch’s Regional Trade Agreements Database

from [Egger and Larch| (2008) ]

3.3 Estimation Results and Analysis

We demonstrate the effectiveness of our methods in several steps. We start with a standard
cross-section specification, where the only non-discriminatory trade policy variable of interest
is MEN tariffs. Then, we extend the specification to a panel setting, which is estimated
with standard gravity variables and with bilateral fixed effects. In the next step we obtain
simultaneously estimates of MEFN tariffs, as a representative non-discriminatory trade policy
on the importer side, and of TTE, as a representative non-discriminatory trade policy on

the exporter side. The empirical analysis concludes with a series of sensitivity experiments,

ZFor a description of the data, see Djankov et al. (2010) and http://www.doingbusiness.org/
Methodology/Trading-Across-Borders!|
“41t can be accessed via http://www.ewf.uni-bayreuth.de/en/research/RTA-data/index.html.
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where we test the robustness of our findings with respect to the definition of our tariff variable
as well as by employing different samples and different estimators.

A first set of estimation results are reported in Table 1. All estimates that are reported
in Table 1 are obtained with the PPML estimator and with a complete set of exporter and
importer fixed effects. In order to construct the key covariate of interest, we use simple
averages of MEFN tariffs across products. Column (1) of Table 1 reports cross-section results
for 2012. The estimates on the standard gravity covariates are in accordance with our prior
expectations and they are readily comparable to corresponding indexes from the literature.@
This establishes the representativeness of our sample. More important for our main purposes,
the results from column (1) demonstrate that we can obtain estimates of the impact of MFN
tariffs, as a representative unilateral and non-discriminatory trade policy, even when we
have included the complete set of exporter and importer fixed effects. From an economic
and policy perspective, our results show a highly statistically significant negative estimate for
MEN tariffs (—12.042, std.err. 2.109), which implies that MFN tariffs are indeed a significant
impediment to international trade. As discussed in Section depending on the micro-
economic foundations used to derive structural gravity, the estimate of —12.042 implies an
elasticity of substitution of 12.042 or an import-demand elasticity with respect to MFN
tariffs of —12.042F9|

Column (2) of Table 1 reports estimation results from an unbalanced yearly panel of 68
countries from 2005 to 2012 using PPML and simple averages of MFN tariffs. In combina-
tion with gravity theory, the use of panel data requires proper control for the multilateral
resistances with exporter-time and importer-time effects, which we employ in column (2).

The most important result from column (2) is that, as was the case with cross-section data,

25We refer the reader to|Head and Mayer| (2014) who offer a meta analysis study of more than 2500 gravity
estimates from 159 papers.

26Tn addition, we note that the structural value of the trade elasticity parameter that is recovered from
the estimate on the coefficient on tariffs in the gravity model depends on the interpretation of tariffs in the
definition of trade costs. Studies that treat tariffs as iceberg trade costs would deliver structural values of
11.042 and —11.042 of the elasticity of substitution and of the import-demand elasticity, respectively. We
refer the reader to [Larch and Yotov| (2016) for a detailed discussion of the structural interpretation of the
estimates on tariffs in gravity equations.
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we are able to identify the impact of MFN tariffs even in the presence of the exporter-time
and importer-time effects in a panel setting. The estimate of the coefficient on MFN tariffs
is again highly statistically significant. In terms of economic magnitude, with a value of
—9.703, our MFN tariff estimate is a bit smaller in absolute magnitude than the correspond-
ing estimate from column (1), however, it is still in the upper tail of comparable estimates
from the existing literature 7|

A possible explanation for the large MFN tariff estimate may be that trade policies,
such as tariffs or whether two countries sign a regional trade agreement, are not randomly
assigned across countries ¥ Therefore, both the RT A regressor as well as our measure for the
MFN

non-discriminatory trade policy, 7;

; , are potentially endogenous. Matching techniques to

correct for the selection bias are hampered by violations of the stable unit treatment value
assumption (SUTVA) as trade policy has by definition general equilibrium and third country
effects via its impact on trade creation and diversion (see e.g. [Viner, 1950 and Imbens and
Wooldridge, 2009)). Instrumental variables which fulfill the necessary exclusion restriction are
hard to come by at the country or industry level. We therefore follow Baier and Bergstrand
(2007) and include bilateral (directed) country-pair effects to control for the endogeneity of
trade policy in column (3).

As discussed in the analytical identification Section the inclusion of pair fixed effects
does not prevent identification of the impact of unilateral and non-discriminatory trade
policies in structural gravity equations. Accordingly, once again, in column (3) of Table 1 we
are able to identify the estimate of the coefficient of MFN tariffs. The estimate on MFN tariffs
is still highly statistically significant. Furthermore, consistent with the endogeneity analysis

from |Baier and Bergstrand (2007), when we control for the unobserved directional bilateral

2Existing elasticity estimates from the related literature usually vary between 2 and 12. Head and Mayer,
(2014) offer a summary meta-analysis estimate of o = 6.13. We refer the reader to|Eaton and Kortum| (2002),
Anderson and van Wincoop| (2003), Broda et al. (2006) and Simonovska and Waugh| (2014), |Costinot and
Rodriguez-Clare| (2014]), and Head and Mayer| (2014) for discussion of the available estimates of the elasticity
of substitution and trade elasticity parameter.

28Gee e.g. the arguments in Trefler| (1993) and Magee, (2003). For example, countries which are closer have
a significantly higher probability of signing an RTA, see e.g. Baier and Bergstrand| (2004) and |Egger et al.
(2011).
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effects, the estimate drops to —6.854, which is readily comparable to the corresponding
estimates of the elasticities of substitution and the import demand elasticities, which we
summarized in Footnote

The last two columns of Table 1 offer results from two robustness experiments. Specif-
ically, in column (4) we use 3-year intervals instead of each year. The motivation for this
experiment is that trade flows may need time to adjust in response to trade policy changes,
c.f. [Cheng and Walll (2005). As can be seen from Table 1, the specification with 3-year
intervals is still able to identify an estimate of the coefficient on MFN tariffs, but delivers an
estimate that is larger than the corresponding index from column (3). The last column of
Table 1 reports estimation results that are obtained by treating non-reported trade flows as
missing values instead of replacing them with zeros as in the previous columns. This leads
to a loss of 901 observations. However, with a point estimate of —6.851, the coefficient on
MEN tariffs is virtually identical to the —6.854 value from column (3).

The results that we present in Table 2 replicate the specifications from Table 1, but
after adding as an additional regressor time-to-export (TTE), which is our representative
non-discriminatory unilateral trade policy on the exporter side. Two main findings stand
out from Table 2. First, and most important from an econometric perspective, we are able
to identify an estimate of the impact of TTE in each column of Table 2, while, at the same
time, we are still able to identify estimates of the impact of MFN tariffs. Second, from
an economic and policy perspective, we obtain negative and highly statistically significant
estimates of the impact of TTE across all specifications in Table 2. As with MFN tariffs,
the estimates from the panel specification with bilateral fixed effects lead to smaller TTE
estimates in absolute value. In terms of economic magnitude, our preferred estimate from
column (3) of Table 2 (—0.035, std.err. 0.005), suggests that an additional day of time to
export reduces trade flows by 3.5 percent.

We finish the analysis with several robustness experiments. Panels A and B of Table 3

reproduce the results from the specifications from Tables 1 and 2, respectively, but using the
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OLS estimator and logarithmized trade flows as dependent variable instead of the PPML
estimator and trade flows in levels. Since the OLS estimator automatically eliminates all zero
trade flows, there is no need to report separately the estimates that treat non-reported values
as zeros or as missing, because those estimates are identical by construction. Therefore, we
do not reproduce the results from the last columns of Tables 1 and 2 in Table 3. Most
importantly, the estimates from Table 3 confirm that we can identify the effects of unilateral
and non-discriminatory trade policies on the importer and on the exporter side. In addition,
we find that, overall, both non-discriminatory policies are significant and have negative effects
on trade flows. Generally, the estimates for the MFN tariffs become larger in absolute values,
as do the time-to-export coefficients. The latter, however, are not consistently statistically
significant across all specifications.

Finally, Panels A and B of Table 4 reproduce the regression results from the specifications
given in Tables 1 and 2, respectively, after replacing the average MFN tariff with weighted
MFEN tariffs, where the weights are the observed levels of trade. It is well known that using
weighted trade flows may lead to an endogeneity problem if policy makers set tariffs as a
reaction to the level of trade flows. Still, weighted tariffs are often used as an alternative
measure of tariffs. As can be seen from the estimates in Table 4, using weighted instead of
simple average tariffs does not change any of our results qualitatively and hardly matters
quantitatively. Mainly, estimates of the MFN tariff become a little bit larger in absolute
values.

To summarize, the empirical analysis in this section demonstrate that our proposed
method works well, produces sensible estimates, and can be fruitfully applied in realistic

gravity data sets.
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4 Conclusion

The effects of unilateral or non-discriminatory trade policies are interesting and important
both for academics as well as for policy makers. In this paper we propose a simple method
to identify the trade effects of such policies within structural gravity models, which employ
complete sets of theoretically-motivated fixed effects on the importer and on the exporter
side. We demonstrate the validity of our methods and illustrate the effectiveness of our
approach by evaluating the trade effects of most favored nation (MFN) tariffs and time-to
export as representative determinants of bilateral trade on the importer side and on the
exporter side, respectively. A series of sensitivity experiments (e.g., panel vs. cross section,
OLS vs. PPML, alternative measure of the regressors, etc.) demonstrate the robustness of
our methods and findings. In addition to quantifying the impact of non-discriminatory trade
policies, our method can be extended to identify the effects of a wide range of interesting and

policy relevant country-specific determinants to trade within the structural gravity model.
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Appendix

A Non-Discriminatory Export Policy

In this Appendix we show that we can identify a non-discriminatory trade policy on the
exporter side, such as export subsidies or time-to-export (TTE), when using international
and intra-national trade flows. TTE is chosen to illustrate our methods in the current
analysis because the same variable is used as a representative non-discriminatory policy
on the exporter side in the empirical analysis. The methods that we develop here apply
equally to any non-discriminatory policy on the exporter side, e.g. export subsidies, export
promotion fairs, etc. The following is the corresponding representative data matrix that only

includes observations for international trade flows:

# exporter importer n1 n2 g1 g2 puz  TILE

1 A B (1 0o o 1 0o FITF]

2 A o 1 o o o 1 ITE

3 B A 0o 1 1 o0 o0 7ETE

4 B c 0o 1 0 o0 1 7kTE (17)
5 c A o o 1 o o 7ITF

6 C B Lo 0o o0 1 o0 ~LTE]

Inspection of the relationships in the data set matrix supports the claim of [Head
and Mayer| (2014) that the non-discriminatory time to export is perfectly collinear with the

TE _ JTTE

set of dummies, as m737E + o ETE + (1 + po + pz — m — m2) 7
Similar to the case of MFN tariffs, adding observations for intra-national trade flows
breaks the perfect multicollinearity in the case of a representative non-discriminatory trade

policy on the exporter side. Adding intra-national trade flows to matrix (17 results in the

following data matrix:
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# exporter importer n1  m2  p1 p2  p3 1

1 A B 1 0 o 1 o0 1 riTE

2 A c 1 0 0 o0 1 1 ITE

3 B A o 1 1 0 0 1 L TE

4 B c o 1 0 0 1 1 TLTE

5 c A o 0o 1 o0 0 1 7LTF (18)
6 C B o 0o o0 1 0 1 ZTE

7 A A 1 o 1 0 0 O 0

8 B B o0 1 0 1 0 0 0

9 C c Lo o o0 o0 1 0 o

where the observations for intra-national trade flows are observations 7-9. If TTE were
perfectly collinear with the rest of the variables in matrix , then there has to exist a

non-zero solution, af, a3, ..., a4, for the following system of equations:

QYT+ st + Qg+ iz + ez + agl + ozt T X T =0, (19)

i.e., 7TTE % I can be expressed as a linear combination of the dummies.

We now prove that the non-discriminatory TTE variable is linearly independent from the

dummies by contradiction.@ To facilitate exposition, rewrite Equation as:

Q1M + oty + sy + Qupy + asps + ol =7 x| (20)
where a; = —aj/a3, ..., o = —of/ak. Focus on observation 9 in matrix (18). To express

the last column as a linear combination of the remaining columns, a; has to be equal to zero.

In addition, to fulfill Equation for observation 8, it follows that ay = —ay. Similarly, it

follows from observation 7 that a; = —a3. We then can re-express Equation in matrix
form as:

29 Assuming that there is variation in TTE and they do take non-zero and different values.
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# exp. imp. | a1 4+ aemz +  aszpr 4+ ocape + aspz + agl 7TTE » [

1 A B |la]l+[o]+[0] + [-a]+TJ0]+ [a] = [ 7575 ]

2 A C a1 + 0 + 0 + 0 + 0 + lag| = 7TTE

3 B A 0 + as + | —a1 | + 0 + 0 + | as — TgTE

4 B C 0 + sz + 0 + 0 + 0 + ag _ TETE

5 C A 0 + 0 + | -1 | + 0 + 0 + |lag| = TLTE (21)
6 C B 0 + 0 + 0 + —as + 0 + a6 — TgTE

7 A A a1 + 0 + —aq + 0 + 0 + 0 = 0

8 B B 0 + asg + 0 + —ag + 0 + 0 = 0

9 C ¢c Lol +LtoJ+Lo0oJ1J +LOLJ+LO] +LOL =1L o0 ]

System reveals that the equations corresponding to observations 7 to 9 fulfill the
condition for perfect collinearity.

Now focus on observations 1 and 2. These two lines can only sum up to 757F if ay = 0.
This in turn implies that, from the equations corresponding to observations 3 and 4, o
has to be equal to zero for perfect multicollinearity. Now we are left with a4, which would
have to take three different values to fulfill equations 1 to 6. Hence, the only solution for
the system of equations in is the trivial solution that o = ... = o} = 0, implying

that a non-discriminatory export policy is linearly independent from the set of exporter and

importer dummies when including intra-national trade flows.
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B List of Countries

The following countries are included in our panel data set: Albania, Armenia, Australia,
Austria, Bangladesh, Belarus, Brazil, Bulgaria, Canada, China, Colombia, Denmark, Egypt,
Eritrea, Ethiopia, Fiji, Finland, France, Germany, Greece, Hungary, Iceland, India, Indone-
sia, Iran, Ireland, Israel, Italy, Japan, Jordan, Kenya, Republic of Korea, Kuwait, Kyr-
gyzstan, Latvia, Lithuania, Republic of Macedonia, Malawi, Malaysia, Mauritius, Mexico,
Moldova, Morocco, Nepal, New Zealand, Pakistan, Peru, Philippines, Poland, Portugal,
Russian Federation, Senegal, Slovenia, South Africa, Spain, Sri Lanka, Sweden, Switzerland,
Tajikistan, Tanzania, Thailand, Trinidad and Tobago, Tunisia, Turkey, Ukraine, United

Kingdom, United States, and Vietnam.
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