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Gravity at Sixty: The Workhorse Model of Trade

Abstract

On the eve of its 60th anniversary, the gravity model of trade is a ‘celebrity’, due to its intuitive
appeal, solid theoretical foundations, and remarkable empirical success. Yet, many economists
still view gravity simply as an intuitive but naive reduced-form estimating equation and apply it
without guidance from theory, while others are skeptical about its usefulness for counterfactual
projections. The objective of this paper is to offer a historical overview of its evolution from an
a-theoretical application to an estimating computable general equilibrium (E-CGE) model, which
can be nested in more complex frameworks. Along the way, | address some misconceptions about
the gravity model, summarize the current best practices for gravity estimations, and highlight
some properties that have made gravity so successful.
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1 Introduction

On the eve of its 60" anniversary,! the gravity model of trade is probably the most
popular and most successful framework in (international) economics. However, even
nowadays, despite its solid theoretical foundations (e.g., Eaton and Kortum (2002),
Anderson and van Wincoop (2003), and Arkolakis et al. (2012)) and remarkable
predictive power, the gravity model is viewed by many economists, especially outside
the field of trade, simply as an intuitive but naive reduced-form estimating equation.

Quite often, unfortunately, we see gravity applications that are not consistent
with theory and do not take into account some major developments in the empir-
ical structural gravity literature. As a result, the estimates in such papers could
be severely biased and their policy recommendations could be misleading, or simply
wrong. Moreover, while it is well understood that trade theory and trade-policy anal-
ysis should be set in general equilibrium (GE), there is still a division and skepticism
among academic trade economists and trade-policy practitioners about the potential
and usefulness of the gravity model as a Computable GE (CGE) framework for coun-
terfactual projections. A prominent example is the debate among UK economists
over gravity-based projections of the effects of Brexit.

Against this backdrop, the broad objective of this paper is to celebrate the grav-
ity model of trade at its 60" anniversary by tracing its evolution from a naive a-
theoretical application (e.g., Tinbergen (1962)) to an estimating computable general
equilibrium (E-CGE) model (e.g., Fally (2015), and Anderson et al. (2018b)), which
can be nested in more complex models from other fields (e.g., Caliendo and Parro
(2015), Eaton et al. (2016), and Anderson et al. (2020)). To this end, I will (i) review

the most influential contributions to the gravity literature and direct the reader to

!Tinbergen (1962) is credited as the first application of gravity to trade. Section 2 clarifies.



a number of surveys; (ii) address some misconceptions about the gravity model; (iii)
guided by theory, summarize the best current practices for gravity estimations; and
(iv) demonstrate that gravity can be nested within more complex models (from other
fields). While pursuing these objectives, I will (v) introduce eight properties of the
gravity model, as summarized in Box 1.1, which highlight gravity’s power and beauty

and, therefore, have contributed to its popularity and success.

Box 1.1 Way Is GRAVITY SO POPULAR AND SUCCESSFUL?

Reason 1: It is very intuitive.

Reason 2: It has tremendous predictive power.

Reason 3: It is a very flexible environment.

Reason 4: It has many solid theoretical foundations.
Reason 5: It is a plausible general equilibrium framework.
Reason 6: It is an Estimating CGE (E-CGE) model.
Reason 7: It can be nested within more complex GE models.

Reason 8: It offers opportunities for new contributions.

After reviewing the most influential contributions to the gravity literature in the
next section, the paper traces the main phases in the evolution of the gravity model.
Section 3 discusses the three key reasons why most people like the ‘naive’ gravity
equation. Section 4 describes the golden age for the structural gravity equation by
demonstrating that it has many solid theoretical foundations with important implica-

tions for gravity estimations, which are presented in Section 5. Section 6 argues that



not only gravity is a CGE model, but also it is an Estimating CGE framework. Sec-
tion 7 shows that the gravity model can be nested within more complex production
frameworks. Section 8 concludes by summarizing some of the latest developments in
the gravity literature and by pointing out that, despite great progress and success,

there are still many opportunities for new contributions.

2 The Evolution of Gravity: A Literature Review

This section reviews the main contributions to the development of the gravity model

of trade in chronological order.

A-theoretical Applications: Social Physics. Tinbergen (1962) is often credited
as the first application of gravity to economics. This is not correct. Others have
used gravity in economics long before him. For example, Ravenstein (1885) applies
the gravity equation to migration flows.? Nevertheless, the 1969 Nobel Laureate
was (arguably) the first to apply gravity to international trade flows. Hence, the
current anniversary. Ironically, while Tinbergen relied on gravity to study the impact
of early European integration, one of the main applications of the gravity model
at its 60" anniversary is European dis-integration, i.e., for forecasting the effects
of Brexit. Other early applications of gravity to trade include Poyhonen (1963),
Pulliainen (1963), and Linnemann (1966).?

2In an excellent survey of the historical roots of the gravity equation, Bergstrand and Egger (2011)
acknowledge Tinbergen (1962) as the “first to specify econometrically what has become a benchmark
‘traditional’ gravity equation for studying international trade flows” (p. 451), but they also note that
there were other attempts to link physics and gravity to economics prior to him, e.g., Princeton’s
‘social physics school” (Stewart (1948)), ‘deterministic approaches’ to explain commodity trade flows
(Niedercorn and Moorehead (1974)), and ‘probabilistic approaches’ to model spatial interactions
(Savage and Deutsch (1960)).

3Poyhonen, Pulliainen, and Linnemann were all students of Tinbergen (Bergstrand (2019)).



Structural Gravity: A Star Was Born. There have been some debates and
discussions about who was the first to apply gravity to economics. However, trade
economists seem to be in unanimous agreement that the first theoretical foundation
of the gravity equation of trade, as we know it today, belongs to Anderson (1979).
In fact, I find it truly remarkable that, subject to some ‘cosmetic’ theoretical im-
provements (e.g., the definition of the Outward Multilateral Resistance) and due to
major empirical developments (e.g., the use of PPML with high-dimensional fixed
effects for gravity estimations), Anderson’s 1979 model is perfectly consistent with
all modern structural gravity regressions and benchmark counterfactual projections

that are made with the gravity model nowadays.

Into Disrepute: An Intellectual Orphan. Despite its intuitive appeal, good
empirical performance, and having a solid theoretical foundation already, the gravity
model struggled to win the hearts of trade economists during the 70s, 80s, and even
90s — “The gravity model fell into disrepute in the 1970s and 1980s.” Baldwin and
Taglioni (2006). A sequence of influential surveys from the Handbook of International
Economics — the compass for trade research — were not kind to gravity. Specifically,
Deardorff (1984) questioned its theoretical heritage by dubbing it ‘dubious’, while
Leamer and Levinsohn (1995) explained that “/g/ravity theory was too complex and
had virtually no effect on the subject of international trade.”™ In retrospect, Anderson

(2011) characterized the experience of the gravity model during this period as ‘an

4This quote suggests that, like many other remarkable inventions (e.g., the vending machine of
the Hero of Alexandria, first-century, the contact lenses of Descartes, 1632, and the electric car of
William Morrison, 1887), the gravity model was ahead of its time. According to Anderson himself,
at the time when he built his gravity model “he did not know of a practical solution to estimating
multilateral resistance (the name itself came in 2003). The context is that (i) economists knew about
system estimation (25 years later implemented in AvW 2003) but in the late 70s this was infeasible
except with the resources of the US space program, and (i) we knew about dummy variables in the
70s, granted their legitimacy but were suspicious about their meaning, hence the idea of hundreds of
fized effects’ was too outlandish to imagine.” (From personal correspondence with Jim.)



intellectual orphan’. Despite several other excellent contributions to gravity theory
during this period, e.g., Krugman (1980), Bergstrand (1985, 1989, 1990),%> and even
Deardorff (1998) warming up to it, the gravity model was still viewed as an example
of ‘social physics’ (Krugman (1997)) and continued being ignored and having “a poor

reputation among reputable economists” (Baldwin (1994)) until the early 2000s.

Magic Happened: The Golden Age of Gravity. ‘Magical’ is indeed a proper
epithet to describe the brilliant contributions of Eaton and Kortum (2002) and An-
derson and van Wincoop (2003), which left no doubt about the fact that the gravity
model had very solid theoretical foundations and led to the golden age of ‘Struc-
tural Gravity’ (2002-2012). During this relatively short (at least from an academic
perspective) period, gravity established itself as the workhorse model in trade and ap-
peared in hundreds of publications, including applications, theoretical developments,
contributions to estimation, and new datasets. It was even featured in the advanced
trade textbook of Feenstra (2004). Baldwin and Taglioni (2006), De Benedictis and
Taglioni (2011), Bergstrand and Egger (2011) and Anderson (2011) offer excellent
reviews of the gravity literature before and during this period.

Most gravity papers during this period were empirical applications aiming to es-
timate the impact of various determinants of bilateral trade flows, e.g., insecurity
and institutions (Anderson and Marcouiller (2002)), border and home bias effects
(Hillberry and Hummels (2003) and Balistreri and Hillberry (2007)) economic sanc-
tions (Hufbauer and Oegg (2003)), membership to the World Trade Organization
(WTO) (Rose (2004), Subramanian and Wei (2007), Eicher and Henn (2011)), non-

Often cited next to Anderson (1979), Bergstrand (1985) is an important contribution to gravity
theory. It is compatible with Anderson (1979) and, by explicitly focusing on the role of prices in
the gravity equation, Bergstrand’s gravity equation is also consistent with the seminal contribution
of Anderson and van Wincoop (2003). See Bergstrand (2019) for an insightful discussion on the
relationship between the three models.



tariff measures (Fontagne et al. (2005)), free trade agreements (FTAs) (De Benedictis
et al. (2005), Baier and Bergstrand (2007) and Egger et al. (2011)), distance (Disdier
and Head (2008)), trade missions (Head and Ries (2010)), and colonial relationships
(Head et al. (2010)). While many still applied gravity only intuitively, closer adher-
ence to theory led to better understanding of the drivers of the growth in trade flows
(Baier and Bergstrand (2001)), more plausible gravity estimates, e.g., of the effects
of currency unions (Glick and Rose (2002) and Micco et al. (2003)), and solutions to
some empirical puzzles, e.g., ‘Canada’s border puzzle’ (Anderson and van Wincoop
(2003)) and ‘the distance puzzle’ (Yotov (2012)).

This period also witnessed significant developments on the theory side. For ex-
ample, extending on Anderson and van Wincoop (2003), Anderson and van Wincoop
(2004) derive a sectoral gravity model on the demand-side, while, following Eaton
and Kortum (2002), Chor (2010) and Costinot et al. (2012) derive sectoral gravity on
the supply-side. Redding and Venables (2004) extend the gravity framework to study
the links between trade and the labor market, while Bergstrand and Egger (2007)
set foundations for a gravity framework of trade and FDI. Building on the seminal
work of Melitz (2003), Helpman et al. (2008) and Chaney (2008) derive gravity with
heterogeneous firms, while Redding (2011) offers an excellent review of the recent
firm heterogeneity literature with implications for gravity theory and estimations.
Arkolakis (2010) nests endogenous marketing costs within the gravity model. Waugh
(2010) demonstrates that, in order to match income differences, the gravity model
should allow for trade cost differences between poor and large countries. Anderson
and Yotov (2010) extend gravity to decompose the incidence of trade costs on con-
sumers and producers and on international vs. domestic trade. Fieler (2011) builds
a gravity model with non-homothetic preferences. Finally, inspired by Eichengreen

and Irwin (1998), Olivero and Yotov (2012) derive a dynamic gravity model.



The increased interest in gravity theory and applications was accompanied by new
contributions on the estimation and data fronts. Hummels (2001) promotes the use of
exporter and importer fixed effects to control for the multilateral resistances in gravity
regressions, and Egger and Pfaffermayr (2003) discuss the use of fixed effects in the
gravity model more broadly. Baier and Bergstrand (2009) propose a reduced-form
estimation approach to estimate structural gravity. Henderson and Millimet (2008)
ask ‘if gravity was linear’ and recommend estimation of the gravity model in levels.
While OLS was still the standard gravity estimator, this period witnessed one of the
most influential contributions to gravity estimations — the introduction of the Poisson
Pseudo Maximum Likelihood (PPML) estimator by Santos Silva and Tenreyro (2006).
Due to its ability to successfully account for heteroskedasticity and zero trade flows,
PPML quickly established itself as the leading gravity estimator. Finally, the boom
in gravity applications lead to the development of new gravity databases, e.g., Mayer

and Zignago (2011).

Universal Gravity: A New Quantitative Trade Model. In a seminal paper,
Arkolakis et al. (2012) cemented the hegemony of the structural gravity model in
trade by demonstrating that different micro-theoretical foundations converge to ex-
actly the same gravity equation. Along with many new applications and theoretical
developments, which I discuss next, the gravity model got its revenge with promi-
nent coverage in two excellent chapters (Head and Mayer (2014) and Costinot and
Rodriguez-Clare (2014)) in the Handbook of International Economics, the same publi-
cation where it was dismissed in the 80s and 90s. The gravity model was also featured
in a chapter at the Handbook of Transportation Economics (Baier et al. (2018a)) and
in dedicated books for trade policy analysis (Yotov et al. (2016)) and the impact of

globalization (Bergstrand (2019)).



The empirical gravity equation remained the go-to model for new applications,
while others revisited existing results with new, better methods, e.g., on the impact of
currency unions (de Sousa (2012), Campbell (2013), Glick and Rose (2016) and Larch
et al. (2019a)), the effects of piracy (Bensassi and Martinez-Zarzoso (2012)), trade
cost measurement (Novy (2013a)), common language (Melitz and Toubal (2014)),
trade creation (Baier et al. (2014)) and trade diversion (Dai et al. (2014)) effects of
FTAs, exchange rates Anderson et al. (2016), WTO membership (Larch et al. (2019b)
and Esteve-Pérez et al. (2020)), and commercial trade law (Gil-Pareja et al. (2020)).
Anderson et al. (2015) and Anderson et al. (2018a) showed that structural gravity
works well with new services trade data, while better panel trade data allowed for
estimating heterogeneous policy effects, e.g., of FTAs (Baier et al. (2018b) and Baier
et al. (2019) and currency unions (Chen and Novy (2018)). Stricter reliance on gravity
theory also led to solutions of more empirical puzzles, e.g., ‘the missing globalization
puzzle’ (Bergstrand et al. (2015)) and the puzzle from the macro and trade literatures
that ‘larger countries should be richer than smaller countries’ (Ramondo et al. (2016)).

On the theory front, Novy (2013b) departs from the standard CES demand as-
sumption to build a ‘translog gravity’ model, Chaney (2014) derives gravity based on
a network of input-output linkages between firms, Allen and Arkolakis (2014) nests
gravity within a general equilibrium framework that governs the spatial distribution of
economic activity, Fajgelbaum and Khandelwal (2016) build a non-homothetic gravity
model to allow for heterogeneous trade effects on consumers within a country, Ander-
son and Yotov (2020b) propose a gravity model with bilateral dynamics, Carrére et
al. (2020) build a subconvex gravity (“without apology”) model to allow for hetero-
geneous trade elasticities, and Allen et al. (2020) establish the existence, uniqueness,
and robustness for the counterfactual predictions of the ‘Universal Gravity’ model.

During this period, gravity gained popularity as a central pillar within CGE frame-



works that became known as the ‘new quantitative trade models’. 1t was used to
study the links between trade and various economic outcomes, e.g., technology dif-
fusion (Shikher (2014)), unemployment (Heid and Larch (2016)), efficiency of FTAs
(Anderson and Yotov (2016)), and carbon emissions (Larch and Wanner (2017)).
In addition, gravity was nested in more complex models with input-output linkages
(Caliendo and Parro (2015)), domestic investment (Eaton et al. (2016), Ravikumar et
al. (2019) and Anderson et al. (2020)), endogenous trade imbalances (Reyes-Heroles
(2017)), foreign direct investment (FDI) (Anderson et al. (2019)), and labor market
dynamics (Caliendo et al. (2019)).

Major contributions were made on the estimation and data fronts too. Arvis and
Shepherd (2013) and Fally (2015) discover an additive property of the PPML estima-
tor, which meant that the PPML gravity regression was perfectly consistent with the
underlying theoretical model. Capitalizing on this property, Anderson et al. (2018b)
show how to obtain GE effects with the gravity model directly in standard software
packages (e.g., Stata) and without the need for custom programming. Anderson and
Yotov (2016) and Pfaffermayr (2020) explore methods to construct GE confidence
intervals, while Larch et al. (2019a) and Correia et al. (2020) propose new commands
for fast PPML estimations with high-dimensional fixed effects. Martin and Pham
(2020) revisit the importance of zeroes for gravity estimations. A new generation
of gravity databases, including explanatory gravity variables (Gurevich and Herman
(2018)) and international and domestic trade flows (Borchert et al. (2020)), were
built to support the theoretical advances and the new application needs. Despite the
proven success and so many existing developments and contributions, the interest in
the gravity model remains strong even today. I summarize the latest and ongoing

developments in the related literature in Section 8.



3 Naive Gravity: The People’s Choice

The great success of the gravity equation among trade economists, policy practition-

ers, and colleagues from other fields is due to three main reasons. First, as recognized

since its very early applications to trade (e.g., Tinbergen (1962), Poyhonen (1963),

and Pulliainen (1963)), by analogy with physics, the gravity model is very intuitive.

1. The gravity model of trade is very intuitive.

The remarkable resemblance between the trade gravity equation and Newton’s law of

universal gravitation is captured in Box 3.1, which reveals that trade (the gravita-

Box 3.1 NAIVE GRAVITY: GRAVITY IN PHYSICS VS. TRADE

Gravity in Physics

_ MM

where:

F;; is the gravitational force
between objects ¢ and j;

G is the gravitational constant
in physics;

M; denotes the mass of object i;
M; denotes the mass of object j;

D;; is the bilateral distance
between objects i and j.

Gravity in Trade

where:

Xij is the value of trade flows
between countries ¢ and j;

G, is the gravitational constant
in trade;

Y; is the value of output in country i;
E; is the value of expenditure in country j;

T;; denotes the total bilateral trade
frictions between ¢ and j;

0 is the trade elasticity.

Source: Adapted from Yotov et al. (2016).
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tional force) between two countries (two objects) is directly proportional to the prod-
uct of their sizes (masses) and inversely proportional to the trade frictions (the square
of distance) between them. Put simply, the larger and the closer two countries are,
the more they will trade with each other. What makes this analogy, and the already
striking similarity between the gravity equations in trade vs. physics, even more im-
pressive is that the gravity equation of trade from Box 3.1 can be derived based on
solid microeconomic theories. I demonstrate this in Section 4.

The second main reason why the gravity equation is a popular favorite is that it

works. The empirical gravity model predicts bilateral trade flows remarkably well.

2. The gravity equation has tremendous predictive power.

Since Tinbergen (1962), whose simple and ‘naive’ specification obtained R? = 0.7,
the gravity equation consistently delivers very strong fit and plausible (in terms of
magnitudes and signs) estimates on a number of covariates known as the ‘standard set
of gravity variables’, including the log of bilateral distance, and indicator variables
for contiguous borders, common official language, colonial relationships, and free
trade agreements (FTAs). Head and Mayer (2014) offer summary statistics for the
coefficient estimates on the standard gravity variables from a meta-analysis based on
159 papers and 2508 gravity regressions. More recently, Borchert et al. (2021) provide
benchmark disaggregated gravity estimates for 170 industries within the broad sectors
of agriculture, mining, manufacturing goods, and services.

Based on its exceptional predictive power, some have compared the gravity equa-

tion of trade to the Mincer Earnings Regression (Mincer (1974)).% Tt has also been

6The Mincer regression explains individual wages as a function of schooling and experience.
While there are debates about how successful it really is, the general consensus is that the Mincer
regression is the most prominent empirical model in labor economics (Heckman et al. (2003) and

11



pointed out that the good performance of the gravity model is probably due to the
use of exporter and importer fixed effects, which have become standard in gravity
regressions; this is not true. The gravity model would still perform quite well without
any fixed effects (and even with only three explanatory variables, just like the Mincer
regression). More importantly, owing to a very special additive property of the PPML
estimator (Arvis and Shepherd (2013) and Fally (2015)), one can replace the full set
of exporter and importer fixed effects in the gravity regression with just two struc-
tural variables, and the fit of the gravity model will remain unchanged. (Section 6
offers further details.) In sum, relative to the Mincer regression, the gravity equation
not only delivers a great fit, but it reflects a structural model. Its predictive power is
indeed unprecedented.

The third main reason for the celebrity status of the gravity equation is that it
is very flexible. As such, it has been used to explain trade flows and to quantify
the impact of their determinants in hundreds of academic papers, and it is routinely

employed for policy analysis too.” Most authors have relied on gravity to study the

[ 3. The gravity equation is a very flexible environment. ]

effects of ‘traditional’ determinants of trade flows, e.g., distance (Disdier and Head
(2008)), free trade agreements (Baier and Bergstrand (2007)), tariffs (Fontagné et

al. (2020)), non-tariff measures (Fontagne et al. (2005)), WTO membership (Rose

Lemieux (2006)).

"In addition to the type of flexibility discussed here, there are two other flexibility dimensions
of the gravity model. First, despite less developed theoretical foundations as compared to trade,
gravity has been applied to study foreign direct investment (FDI), e.g., Eaton and Akiko (1994),
Benassy-Quere et al. (2005), Bergstrand and Egger (2007) and Paniagua (2015), and migration,
e.g., Poot et al. (2016). In addition, as demonstrated in Section 7, the gravity model can be flexibly
nested within a broad class of GE models, including investment in physical capital (Eaton et al.
(2016) and Anderson et al. (2020)), FDI (Anderson et al. (2019)), and labor markets Caliendo et al.
(2019), etc.

12



(2004)), colonial ties (Head et al. (2010)), and common language (Melitz and Toubal
(2014)). Others have used gravity to quantify the effects of more ‘ezotic” determinants
of trade flows, including culture and trust (Guiso et al. (2009)), reputation for people
and products (Dimitrova et al. (2017)), conflict and wars (Garfinkel et al. (2020)), and
piracy (Bensassi and Martinez-Zarzoso (2012)), among many others.® A third group
of authors have relied on gravity to link trade to other economic outcomes, e.g.,
income and growth (Frankel and Romer (1999)), labor market outcomes (Redding
and Venables (2004)), and FDI (Bergstrand and Egger (2007)). In sum, it is safe
to conclude that, to study the impact of any determinant of trade flows or other
economic outcomes via trade flows, one would inevitably resort to some version of

the gravity model.

4 Structural Gravity: All Roads Lead to ... Gravity

Despite its celebrity status, the gravity model is still viewed by many economists,
especially outside international trade, simply as an intuitive but naive reduced-form
estimating equation. However, as seminally demonstrated by Arkolakis et al. (2012),

many different microeconomic theories converge to exactly the same gravity equation.

4. Gravity has solid (and many) theoretical foundations.

Box 4.1 presents a list of gravity equations derived from alternative micro-foundations.
Red color is used to denote the differences between these structural gravity models.
The first equation, ‘Demand-side Gravity’, is based on Anderson (1979) and Ander-

son and van Wincoop (2003), where o denotes the elasticity of substitution between

8See Section 2 for a more detailed (but still far from exhaustive) list of gravity applications.
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domestic and foreign varieties. The ‘Supply-side Gravity’ model is based on Eaton
and Kortum (2002), where 6 is a parameter from a Fréchet distribution, which, in the
current gravity /trade context, is interpreted as capturing the dispersion of compara-
tive advantage. Intuitively, 0 reflects differences across varieties on the supply-side,

just like o measures how substitutable varieties are on the demand side.”

Box 4.1 STRUCTURAL GRAVITY: MANY THEORIES ... SAME GRAVITY EQUATION

. . BYi [ty \ 7
Demand-side Gravity: Xij = = < P?ﬁ)
7
. . EY: ( t; \ !
Supply-side Grayvity: Xij = = ( P?ﬁ)
g1l
. : L ENYE gk \17o
Demand-side Sectoral Gravity: X =% ( Pkﬁk)
g =0
o 0 k EFYF th —0"
Supply-side Sectoral Gravity: X = =% ( Pkﬁk)
g =0
kyk k. 7'Yk
Gravity with Firms: Xikj = Eg},: ( P]’;IJI’“)
J i
1 Qo= _ EjYis tije 1=
Country-specific Dynamics: Xijt =~ ==
! t e
2 2 2 . E; .Y, o p(1—0o)
Gravity with Bilateral Dynamics: X;;; = =5 ( e )
t bRttt

9Best known as the trade elasticity, §# = o — 1 has been of interest to both the international
trade (e.g., Eaton and Kortum (2002), Anderson and van Wincoop (2003), Broda and Weinstein
(2006), and Broda et al. (2006)) and international macro (e.g., Backus et al. (1994), Zimmermann
(1997), and Heathcote and Perri (2002)) literatures for a long time. See Ruhl (2008) for a review and
comparison. Due to Arkolakis et al. (2012), 6 regained attention as the most important parameter
in international trade and motivated a literature with new methods to compute the trade elasticity
and corresponding estimates at various levels of aggregation, e.g., Feenstra et al. (2012), Egger et al.
(2012), Hillberry and Hummels (2013), Simonovska and Waugh (2014), Soderbery (2015), Caliendo
and Parro (2015), Anderson and Yotov (2020b), Fontagné et al. (2020), Boehm et al. (2020), and
Giri et al. (2021). Feenstra et al. (2018) offers an excellent review of the related literature.
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Anderson and van Wincoop (2004) derive ‘Demand-side Sectoral Gravity’, while
Chor (2010) and Costinot et al. (2012) obtain ‘Supply-side Sectoral Gravity’, where
k denotes sectors. An important implication (known as ‘the separability property
of gravity’) of these sectoral gravity models is that gravity theory provides guidance
for estimations at any desired level of aggregation, e.g., from ‘Electronic, integrated,
circuits’, through ‘Nuclear reactors’ and ‘Health services,” to aggregate trade. Build-
ing on Melitz (2003), Chaney (2008) derives ‘Gravity with Firms’, where " is the
dispersion parameter from a Pareto distribution and the bilateral trade cost vector
includes not only variable but also the fixed costs of exporting.!°

Inspired by Eichengreen and Irwin (1998), Olivero and Yotov (2012) derive a dy-
namic gravity equation with ‘Country-specific Dynamics’, where t is a time subscript,
and the main implication is that gravity theory also provides guidance for estimations
with panel data. Finally, Anderson and Yotov (2020b) derive ‘Gravity with Bilateral
Dynamics’, with two new components: a structural parameter p, which drives a
wedge between the short-run and the long-run trade elasticity; and a time-varying
bilateral capacity component in the vector of trade costs, which motivates the use of
anticipation and phasing-in trade policy variables in gravity regressions. In sum, con-
sistent with Arkolakis et al. (2012), Box 4.1 demonstrates that, subject to parameter
interpretation, the gravity equations from a series of alternative theories are indeed
identical.

To confirm the intuitive relationship between the gravity equation in physics from
Box 3.1 and the structural gravity equation of trade from Box 4.1, define G = % as
the gravitational constant, and T;; = Ptj—ﬁ as the total (effective) bilateral trade cost,

which consists of the direct bilateral trade cost frictions, ¢;; (e.g., transport costs,

10For derivations of the aggregate and sectoral supply-side gravity models with the notation used
in this paper and in Anderson and van Wincoop (2003), I refer the reader to Yotov et al. (2016).
Egger et al. (2021) derive gravity with heterogeneous firms using the same notation.
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tariffs, FTAs, etc.), and multilateral resistance terms, P; and II;, of Anderson and
van Wincoop (2003). Section 6 offers a more formal discussion of the multilateral
resistances (MRs), however, even at this stage, it is important to emphasize some
of their key properties and implications. From a theoretical perspective, the MRs
are the crucial link between the estimating gravity equation and the CGE gravity
system, thus, enabling counterfactual analysis. From a policy point of view, not
properly accounting for effects of trade policies that are channeled through the MRs
may lead to severely biased (e.g., up to 40% in the case of NAFTA, Yotov et al.
(2016)) projections. Finally, with respect to estimations, not accounting for the MRs
in gravity regressions is considered a capital offense or, put starkly, a ‘gold medal

mistake’ (Baldwin and Taglioni (2006)).

5 Estimating Gravity ... with Gravitas

Despite the large number of widely accepted theoretical foundations, many authors
still apply gravity intuitively and without adherence to theory. This may lead to
biased /inconsistent gravity estimates and wrong policy predictions. For example, as
mentioned earlier, Baldwin and Taglioni (2006) describe the omission to properly
control for the structural multilateral resistance terms as “the gold medal of classic
gravity model mistakes.”

There is plenty of evidence that adhering to theory may have significant benefits
and important implications for gravity estimations. For example, proper control for
the structural multilateral resistances (i) leads to more plausible gravity estimates
(e.g. for currency unions, Rose (2000), Rose and van Wincoop (2001), Glick and
Rose (2002), and Micco et al. (2003)), (ii) resolves empirical puzzles (e.g., ‘Canada’s
border puzzle’, McCallum (1995) and Anderson and van Wincoop (2003)), and (iii)
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improves the overall performance of the gravity model (e.g., to predict bilateral trade
imbalances, Davis and Weinstein (2002) and Felbermayr and Yotov (2021)). Similarly,
Yotov (2021) argues that the theory-consistent use of domestic trade flows for gravity
estimations leads to solutions of some empirical puzzles, e.g., ‘the distance puzzle’
(Disdier and Head (2008)) and ‘the missing globalization puzzle’ (Bhavnani et al.
(2002)), and addresses certain estimation challenges, e.g., allows for estimating the
impact of non-discriminatory policies and country-specific effects within the structural
gravity model in the presence of exporter-time and importer-time fixed effects.

Capitalizing on the developments in the theoretical and empirical gravity litera-
tures, as reviewed in Section 2, Larch and Yotov (2021) synthesize eleven best practice
recommendations for gravity estimations, which I have listed in Box 5.1.1' Based on
these recommendations, Larch and Yotov (2021) specify the benchmark economet-
ric gravity model in Box 5.2, which has the following key features. The dependent
variable, Xj;;, denotes nominal (Baldwin and Taglioni (2006)) exports from source i
to destination j, in levels (Santos Silva and Tenreyro (2006)), for consecutive years
(Egger et al. (2022)), and including domestic trade flows (Yotov (2021)). The model
is estimated multiplicatively with PPML (Santos Silva and Tenreyro (2006, 2021)),
and multi-way (two-way or three-way) clustered standard errors (Egger and Tarlea
(2015)).

The econometric model includes four sets of fixed effects. m;+ and x;+ are exporter-
time and importer-time fixed effects (Hummels (2001) and Olivero and Yotov (2012)),
which control for the multilateral resistances (Anderson and van Wincoop (2003)) and

any other observable or unobservable uniform effects of country-specific characteristics

UT refer the reader to Larch and Yotov (2021) for a detailed discussion on the motivation, im-
plementation, caveats, and possible alternatives to each of the recommendations from Box 5.1. For
earlier surveys of the empirical gravity literature, I recommend Baldwin and Taglioni (2006), De
Benedictis and Taglioni (2011), Head and Mayer (2014), and Yotov et al. (2016).
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Box 5.1 BEST PRACTICES FOR GRAVITY ESTIMATIONS

Recommendation 1: Use Panel Data. When available, panel data should

be used for gravity estimations.

Recommendation 2: Use Directional Time-varying Fized Effects. Use

exporter-time and importer-time fixved effects.

Recommendation 3: Employ Pair Fixed Effects. When possible, gravity

should be estimated with pair fized effects.

Recommendation 4: Include Domestic Trade Flows. Consistent with

theory, gravity should be estimated with domestic trade flows.

Recommendation 5: Use Consecutive-year Data. FEstimations with

consecutive-year data should be favored over averaged or interval data.

Recommendation 6: Estimate Gravity with PPML. The PPML estima-

tor is the leading estimator for (structural) gravity regressions.

Recommendation 7: Allow for Adjustment in Trade Costs. Gravity

estimations should allow for changes in the trade cost estimates over time.

Recommendation 8: Allow for Heterogeneous Policy Effects. Gravity

estimations should allow for heterogeneous trade policy effects.

Recommendation 9: Use Estimation Commands from the ‘HDFE’

family. Consider estimating gravity with ppmlhdfe (and reghdfe).

Recommendation 10: Implement Incidental Parameter Bias Correc-

tion. Consider implementing corrections for incidental parameter biases.

Recommendation 11: Use Clustered Standard Errors. The standard

errors in gravity regressions should be clustered by pair or three-way.

Source:Adapted from Larch and Yotov (2021).
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on exports and imports. The country pair fixed effects, -5, absorb all possible time-
invariant bilateral trade costs (Egger and Nigai (2015), Agnosteva et al. (2019)) and
mitigate endogeneity concerns related to the bilateral time-varying trade policy vari-
ables (Baier and Bergstrand (2007)). Finally, the vector of time-varying border dum-
mies, BRDR;; ¢, controls for common globalization trends and further mitigates en-

dogeneity concerns with the bilateral policy covariates (Bergstrand et al. (2015)).

Box 5.2 ESTIMATING GRAVITY WITH (GRAVITAS

Xijt = exp (it + Xj,t +vij + BLTRL;;+81 + BRDR;; 10;+ + EXS; ;xxBRDR;;32) x

exp (IMPj,tXBRDRijﬁg, + CNTRY],tXBRDRwﬁzl + B5EXRZ']'¢XBRDRU‘) 9 Vi,j

® T, Xjt and v are exporter-time, importer-time, and pair fixed effects.

e BRDR;; are border indicators, controlling for common globalization effects.
e BLTRL;j ¢ is a vector of time-varying bilateral covariates.

e EXS; is a vector of non-discriminatory export support policies.

e IMP;; is a vector of non-discriminatory import protection policies.

e CNTRYj; denotes a vector of country-specific characteristics.

e EXRjj ¢ is the exchange rate between countries 4 and j at ¢.

Source: Adapted from Larch and Yotov (2021).

BLTRL;;; is a vector of time-varying bilateral variables, e.g., FTAs, trade sanc-

tions, tariffs (Anderson and van Wincoop (2004)).'? Following Heid et al. (2021),

12\While featured prominently in most theoretical trade models as revenue generating trade fric-
tions, tariffs are often ignored in gravity estimations due to their diminishing role in shaping trade
policy and due to lack of good data. Tariffs, however, have an important place in the structural
gravity model because, as direct price-shifters, their estimates in the gravity equation can be used
to recover the important trade elasticity parameter. Capitalizing on this property and using reli-
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EXS;; and IMP; are vectors of non-discriminatory export support policies (e.g.,
export subsidies) and import protection policies (e.g., uniform customs bureaucra-
cy/time to clear customs), respectively. These variables are interacted with a dummy
variable for international borders, BRDR;;, to make it explicit that these policies do
not apply to domestic trade.'> CNTRY ] denotes a vector of country-specific char-
acteristics (e.g., institutional quality, technical barriers to trade (TBTSs), etc.) whose
differential effects on international trade can also be identified in a structural gravity
setting with domestic trade flows (Beverelli et al. (2018)).14

Finally, EXR;;+ is a variable for exchange rates, which has been used in gravity
models for a long time, e.g., Bergstrand (1985). T added this variable to the benchmark
gravity model in Box 5.2 for two reasons. First, to emphasize that, despite seemingly
being a bilateral variable, its impact cannot be identified when gravity is estimated
with data on international trade flows only because of perfect collinearity with the
country fixed effects, which control for the multilateral resistances.!® Anderson et
al. (2016) demonstrate this empirically and use domestic trade flows to identify the
effects of exchange rates on trade.

Second, more broadly, I want to caution the reader that it is dangerous to include
in the gravity regression bilateral variables that are constructed as a combination
of country-specific variables, e.g., add or multiply the country specific indexes for

institutional quality or minimum residue limits for two countries to construct a new

able tariff data, Fontagné et al. (2020) obtain and deliver trade elasticities at a very disaggregated
(product) level. Teti (2020) also describes a recent and carefully constructed tariff database.

13Tn fact, the inclusion of domestic trade flows is exactly the reason Heid et al. (2021) are able
to identify the effects of non-discriminatory trade policies in the presence of exporter-time and
importer-time fixed effects.

4More recently, Freeman et al. (2021) demonstrate how to obtain the full (differential plus uni-
form) effects of country-specific policies on international trade within the structural gravity model.

15The intuition is that when one currency appreciates against another currency, it also changes
proportionately against all other currencies. Thus, in effect, the exchange rate is a country-specific
variable for gravity estimation purposes.
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bilateral variable (Head and Mayer (2014), Beverelli et al. (2018)). In many cases, the
new bilateral variable would still be perfectly collinear with the country fixed effects
in the gravity model, by construction. Identification may be possible in some cases,
e.g., due to a non-linear combination of the country-specific variables, however, the

resulting estimates should be interpreted with caution.

6 CGE Gravity: An Estimating-CGE Model

It is well understood that trade theory and trade policy analysis should be set in
general equilibrium. However, there is still a division and skepticism among academic
trade economists and trade policy practitioners about the potential and usefulness
of the gravity model as a “CGE framework” for counterfactual analysis. The debate
among UK economists over gravity-based projections of the effects of Brexit is a
prominent example.

Indeed, the gravity equation alone delivers estimates of the partial equilibrium
effects of policies and other determinants of trade, but partial equilibrium policy
analysis alone is inadequate to appropriately quantify big or wide policy changes
such as trade agreements because it necessarily misses third party effects that can be
quite important. However, gravity is well-suited to conduct tractable and transparent

GE analysis because the estimating gravity equation is part of a GE system.

5. Gravity is a computable general equilibrium model.

Box 6.1 illustrates with a representative ‘Structural Gravity System % The first equa-

16GQimilar to the gravity equations in Box 4.1, the gravity system Box 6.1, can be derived from
different theoretical foundations, e.g., Eaton and Kortum (2002), Anderson and van Wincoop (2003),
and Arkolakis et al. (2012)). See Yotov et al. (2016) for alternative derivations of the structural
gravity system from Box 6.1 with the same notation.
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tion is the gravity equation from Box 4.1. The next two equations are the solutions

Box 6.1 CGE GRAVITY

l—0o
Structural Gravity Equation: X; = 24 (t;a) :
l—0
i ; . -0 i Y,
Inward Multilateral Resistance: P = > <_J) 2
-0
1 1 . -0 __ tij E;
Outward Multilateral Resistance: I} = Zj (#) =
_1
Market Clearing Condition: p; = &/Y)T=o

Expenditure & Output: E; =;Y; = ;AL *K2p;.

Source: Adapted from Anderson and van Wincoop (2003).

for the structural multilateral resistances (MRs). From a theory perspective, the
MRs can be interpreted as general equilibrium trade costs that consistently aggregate
the bilateral trade costs and decompose their incidence on the producers and the
consumers in each country, as if they buy from and sell to a single world market.
The MRs are the crucial link between the estimating gravity equation and the CGE
gravity system. The second to last equation in Box 6.1 is just a restatement of the
market clearing condition, Y; = > Xj;, which explicitly links the OMR to the factory
gate price. The last equations define the value of output subject to Cobb-Douglas
production technology and allow for exogenous trade imbalances (via ;).

To illustrate how the structural gravity system from Box 6.1 can translate trade

cost changes into GE effects, consider the effects on trade of a hypothetical FTA
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between two countries.!” The initial FTA effects are captured by the ‘Structural
Gravity Equation’ and can be labeled as ‘Direct’” or ‘Partial Equilibrium’ effects.
Most gravity papers aim at quantifying exactly these direct/partial effects, and the
estimating gravity model is very well-suited for this purpose. Specifically, subject to
data availability, the empirical gravity equation from Section 5 can deliver unbiased
estimates of the impact on trade of any bilateral or country-specific policy at the
aggregate or sectoral level. Importantly, however, the direct estimates of the trade
policy effects may lead to biased /wrong predictions of the true policy effects because
they do not account for some important GE effects, which I discuss next.

When two countries start trading more with each other due to an FTA, they may
trade less with other countries or sell less domestically, i.e., the FTA may trigger GE
‘Trade Diversion Effects’, even without any changes in country size. These effects
are formally captured by the ‘Multilateral Resistance’ equations. Intuitively, all else
equal, when two countries become ‘closer’ to each other, they also become ‘more
remote’ from everyone else. In terms of direction, the trade diversion effects will lead
to less overall trade for the outside countries,'® and they will mitigate the positive
partial effects for the FTA members. By definition, the trade diversion effects cannot
be strong enough to completely outweigh the direct trade creation effects for the FTA
countries. Still, they can eliminate a very large fraction of them (e.g., up to 40% in
the case of NAFTA, Yotov et al. (2016)). Thus, if the trade diversion effects are not
properly accounted for, policy impact projections could be severely biased.

The FTA will lead to higher nominal income in the liberalizing countries and

"The focus on the effects of bilateral trade liberalization on trade is for clarity and expositional
simplicity. However, the analysis can be extended to cover effects on welfare, due to multilateral
or unilateral trade liberalization, as well as trade protection. I refer the reader to Head and Mayer
(2014) and Yotov et al. (2016) for similar decompositions with a slightly different terminology.

18Based on my experience, the predicted negative effects of trade liberalization on third countries
are relatively small, even for large trade deals (e.g., NAFTA, TTIP, CETA), and especially for
bilateral agreements.
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lower nominal income in non-member countries. These ‘First-order (nominal) GE size
effects’ are captured by the last two equations in Box 6.1.1% The ‘Market Clearing’
equation implies that the lower shipping costs (i.e., lower OMRs) for the producers
in the FTA will lead to higher factory-gate prices. In turn, via the last equation,
higher factory-gate prices mean larger value of output and expenditure. Then, via
the ‘Structural Gravity Equation’, larger size leads to more trade between the FTA
members and also between them and all other countries. By definition, the nominal
size effects are weaker than the trade diversion effects on average. However, it is
possible that the size effects for the FTA members could be strong enough to outweigh
the trade diversion effects for some particular outside countries.

Thus far, it was established that the gravity model of trade is suitable for CGE
counterfactual projections. As such, an important advantage of the ‘Structural Grav-
ity System’ is that allows researchers and policy makers to easily move from partial
equilibrium trade policy effect estimates to first-order GE indexes (i.e., policy effects
obtained while holding the supply vector constant) within the same theoretical frame-
work and with the same data. However, what makes the gravity model unique and

truly remarkable is that the CGE gravity system is fully estimating.

6. Gravity is an Estimating CGE (E-CGE) model.

This is demonstrated in Box 6.2, where the gravity system from Box 6.1 is trans-
lated into an econometric model. The first equation is the estimating gravity model

from Box 5.2; However, for brevity, I have combined all bilateral and country-specific

197 label these effects “first-order’ or ‘nominal’, because they reflect the direct response of producer
prices to changes in trade costs. The changes in producer prices can also trigger accumulation of
factors of production. Such second-order (real) size effects are outside the gravity system, but can
be modeled by nesting gravity within more complex production structures. Section 7 demonstrates.
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gravity covariates (except for the exporter-time and importer-time fixed effects) into

a single vector GRAVj;j¢.

Box 6.2 E-CGE GRAVITY

Trade: Xij,t = eXp[GRAViLt’Y + X5t + Wi,t] X €ijts
5 Pl—o E;4
IMR: Pj¢ = —exp&j’t) )
OMR ]_2_[.1_0 = —Yi’f
%t exp(7s,¢)

Output: InY;, = E==ad iy, 4 C=Dagn g+ LInTI% + v, + wi + &5

Source: Adapted from Anderson et al. (2020).

The next two equations reveal that the structural MR terms can be recovered
directly from the estimates of the exporter-time and importer-time fixed effects from
the gravity regression. This remarkable relationship is due to an additive property of
the PPML estimator (Arvis and Shepherd (2013) and Fally (2015)), and it has two
important implications. First, it means that the label ‘structural gravity estimation’
is indeed appropriate when the gravity model is estimated with PPML because the
exporter(-time) and importer(-time) fixed effects capture ezactly and only the cor-
responding terms from the theoretical model. In other words, if the full set of fixed
effects is replaced with the corresponding structural variables, the fit of the gravity
model, as well as the estimates of all other covariates, will remain unchanged. This
was the reason for my earlier argument regarding the unprecedented predictive power

of gravity. The second implication is that, when gravity is estimated with PPML,
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there is no need for custom programming to solve for the MRs, i.e., the PPML es-
timator is a structural gravity solver that ensures perfect consistency between the
estimating gravity equation and the CGE gravity system.

Finally, following Anderson et al. (2020), the estimating equation for ‘Output’
is obtained by combining the last two equations from Box 6.1. To this end, the
market-clearing condition is substituted in the production function and the resulting
expression is simplified and log-linearized. The ‘Output’ equation in Box 6.2 is the
structural version of the famous income-and-trade regression of Frankel and Romer
(1999), where the OMR term, which I have marked in red color, replaces the covariate
for total exports from the Frankel and Romer (1999). Intuitively, as a GE trade cost on
the producer side, the OMR can be interpreted as a structural trade openness index.
Importantly, the estimate on the OMR coefficient has structural interpretation and,
as such, it allows for recovery of the important trade elasticity parameter.

Anderson et al. (2018b) implement the model from Box 6.2 in Stata to demonstrate
how gravity can deliver partial and GE projections with built-in commands, i.e.,
without custom coding, directly in standard statistical software packages. In sum,
this section showed that structural gravity is an estimating-CGE model, which can be
used to establish causal links that are simply assumed in standard CGE models and
estimate a number of key structural parameters within the same model and with the
same data that are used for the CGE counterfactuals. As such, structural gravity is
a complement and a benchmark that may provide useful information for calibration
and selection of parameter values in more complex CGE structures, which rely on

external parameters and assume without testing some important relationships.
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7 Nested Gravity: The Sky Is the Limit

As demonstrated in the previous section, the structural gravity system is a self-
sufficient estimating-CGE model, which can be used for counterfactual projections.
However, the simplicity and tractability of GE analysis with the model from Box
6.1 come with limitations. For example, it assumes exogenous factors of production,
i.e., an endowment setting. Moreover, while the gravity system from Box 6.1 can be
estimated for individual sectors, it does not account for very important intersectoral
linkages. Thus, as presented in Box 6.1, the gravity system can be characterized as
a ‘small scale’ CGE model. However, as I will argue in this section, the structural
gravity system can be nested within (production) models from different fields, while
preserving tractability, transparency, and, in some cases, even the ability to estimate

the additional GE equations.

7. Gravity can be nested within more complex GE models.

To support this argument formally, Box 7.1 presents the solution of the dynamic
model of trade and growth from Anderson et al. (2020), which nests structural grav-
ity within a production model with endogenous physical capital accumulation. The
new element in Box 7.1, as compared to Box 6.1, is the solution for the evolution of
physical capital, which is marked in red color. Intuitively, through the variables in the
numerator, this equation captures the direct relationship between investment and the
value of marginal product of capital.?’ More important for the current purposes, it

also establishes a structural relationship between capital accumulation and trade (via

20Tn the capital accumulation equation, § can be interpreted as a capital depreciation and friction
in investment parameter, while I'; is a composite parameter. All other variables have been previously
defined.
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the MRs). Specifically, the inverse relationship between capital accumulation and
the IMRs is a reflection of the fact that higher prices (due to higher trade costs) of

investment and consumer goods will lead to less investment, and vice versa. Similarly,

Box 7.1 NESTED GRAVITY: TRADE AND GROWTH

Structural Gravity Equation: EjiYie (_tigs \'
ructural Gravity Lquation: Xl.j’t = Lot (H , ) ,
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Inward Multilateral Resistance: plo — S (tw&t) Yoy

1—0o
Outward Multilateral Resistance: II};7 = Zj (M) Eje
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Market Cleari dition: R ¢ /72 O hinidl
arket Clearing Condition Djs o,
Expenditure & Output: E;, =Y = %Aji[,jl,;a[(j?tapj’t’
Capital A lation: AjeLi” ' Yo\ 720 prabtios
apital Accumulation: K1 = T Ty <7,) K .

Source: Adapted from Anderson et al. (2020).

the inverse relationship between capital accumulation and the OMRs means that
higher shipping costs for the producers in country j would make investment in physical
capital in this country less attractive.

Four main implications stand out from Box 7.1. First, the top five equations in Box
7.1 are identical to those from Box 6.1. Thus, the gravity system is indeed structurally
nested within the production superstructure with endogenous investment in physical

capital. Second, on a related note and consistent with the ‘universal engine’ metaphor,
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the link between structural gravity and the new production model is through the
multilateral resistances, which appear directly in the capital accumulation equation.
Third, the resulting system is still tractable and transparent. The decomposition of
the effects of trade policy from the previous section into direct vs. trade diversion vs.
nominal size effects remains valid; However, there is now an additional, dynamic GE
channel through which trade impacts real size via capital accumulation.?!

Finally, the new general equilibrium trade and production model in Box 7.1 can
still be fully estimated. Specifically, in addition to the four estimating equations
from Box 6.2, the new capital accumulation equation from Box 7.1 can easily be
transformed into an estimating model after log-linearizing it and adding an error term.
Thus, the system in Box 6.2 is also an estimating-CGE model, which can be used (i) to
test for and establish causal links that are simply assumed in standard CGE analysis
(e.g., between trade and income and between trade and capital accumulation), and
(ii) to deliver a number of key structural parameters (e.g., the trade elasticity and
the production function shares) within the same model and with the same data that
are used for the CGE counterfactuals.

Under certain restrictions, it is possible to nest gravity into even more complex
structures that can be fully estimated.?> However, deriving a fully estimating CGE
model with rich GE linkages is an exception rather than the standard in the literature.
For example, this is not possible for models with input-output links. Nevertheless,
even when the resulting CGE model is not fully estimating, the main argument from
this section, i.e., that gravity system can be structurally nested within more complex

GE frameworks, remains valid. This is demonstrated in several recent and influential

21 Anderson et al. (2020) estimate that the new dynamic channel magnifies the static gains from
trade liberalization by a dynamic path multiplier of 1.8.

22For example, Anderson et al. (2019) extend the model from Box 7.1 to allow for FDI. In addition
to the gravity system and the equation for physical capital accumulation, the resulting solution
includes a structural estimating equation for FDI.
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contributions, which combine gravity with models with input-output links (Caliendo
and Parro (2015)), sectoral investment dynamics (Eaton et al. (2016)), and labor mar-
ket dynamics (Caliendo et al. (2019)). Importantly, in combination with its additive
and separability properties, the ability to structurally nest gravity in other models
implies that one could still capitalize on all the attractive properties of gravity, e.g., to
establish causal relationships and estimate key structural parameters with the same
data and within the same framework that is used for the CGE counterfactual analysis.

A broader implication of the analysis in this section is that, as long as the objective
is to quantify the effects of trade policy or changes in trade costs, the gravity model
is the heart/engine in all complex CGE frameworks. Therefore, I believe that it is
impossible to perform and deliver sound trade-policy analysis without taking into
account and understanding the fundamental, albeit ‘small scale’, GE relationships
that are captured by the structural gravity system. To me, doing complicated CGE
trade-policy analysis without (understanding) gravity is like building an impressive

skyscraper without a solid foundation.

8 Gravity Is Endless Fun

To celebrate gravity’s 60" anniversary, I reviewed the development of the workhorse
model of trade from an intuitive a-theoretical application to an estimating-CGE model
that can be nested within many complex frameworks. Gravity continues to be very
popular today. Furthermore, despite proven success, there are still many opportu-
nities for improvements and new contributions. The following brief review of recent
papers, which either have just been published in 2021 or are still at a working paper
stage, offers clear evidence of that.

As usual, most papers still apply the gravity model to address new questions or to
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improve on existing analysis by relying on better methods or using better data. Some
recent gravity applications include analysis of the impact of COVID (Baldwin and
Dingel (2021), Cunat and Zymek (2020), and Sforza and Steininger (2020)), preferen-
tial trade agreements (Egger and Tarlea (2021)), border effects (Coughlin and Novy
(2021)), tariffs (Fontagné et al. (2020)), language (Gurevich et al. (2021)), trade im-
balances (Felbermayr and Yotov (2021)), heterogeneous trade cost elasticities (Chen
and Novy (2021)), time as a trade barrier (Oberhofer et al. (2021)), experience (Dutt
et al. (2020)), and value added taxes (Benzarti and Tazhitdinova (2021) and Schnei-
der et al. (2021)). Stricter reliance on theory opens new opportunities to estimate the
effects of country-specific determinants of trade (Beverelli et al. (2018) and Freeman
et al. (2021)) and non-discriminatory trade policies (Heid et al. (2021)).

On the estimation front, Weidner and Zylkin (2021) add to the list of attractive
PPML properties by demonstrating that, even when estimated with three-way fixed
effects, PPML does not suffer from the incidental parameter problem under fairly
general conditions, while Santos Silva and Tenreyro (2021) reflect on the reasons for
the success of the PPML estimator 15 years after its introduction to trade.

Finally, from a theory perspective, Breinich et al. (2020) and Heid and Stahler
(2020) derive gravity models with imperfect competition, Dix-Carneiro et al. (2021)
nest gravity within a dynamic model with endogenous trade imbalances and labor
market frictions, Anderson and Yotov (2020a) build a dynamic gravity model on the
extensive margin of trade, and Adao et al. (2020) and Anderson (2021) generalize the
gravity model to a non-parametric framework and test implications without paramet-
ric restrictions. To conclude, I will use a quote from one of our last exchanges with

brilliant late Peter Neary, who commented: “Gravity is endless fun!”. He was right!

31



References

Adao, Rodrigo, Costas Arkolakis, and Sharat Ganapati, “Aggregate Impli-
cations of Firm Heterogeneity: A Nonparametric Analysis of Monopolistic Com-
petition Trade Models,” NBER Working Papers, National Bureau of Economic
Research, Inc November 2020.

Agnosteva, Delina E., James E. Anderson, and Yoto V. Yotov, “Intra-
national Trade Costs: Assaying Regional Frictions,” European Economic Review,
2019, 112 (C), 32-50.

Allen, Treb and Costas Arkolakis, “Trade and the Topography of the Spatial
Economy,” Quarterly Journal of Economics, 2014, 129 (3), 1085-1140.

_, —, and Yuta Takahashi, “Universal Gravity,” Journal of Political Economy,
2020, 128 (2), 393-433.

Anderson, James, “Non-parametric Gravity,” Manuscript, Boston College 2021.

_ and Yoto Yotov, “Pound for Pound Export Diversification,” School of Economics
Working Paper Series 2020-14, LeBow College of Business, Drexel University De-
cember 2020.

Anderson, James E., “A Theoretical Foundation for the Gravity Equation,” Amer-
ican Economic Review, 1979, 69 (1), 106-116.

_, “The Gravity Model,” Annual Review of Economics, 2011, 3, 133-160.

Anderson, James E. and Douglas Marcouiller, “Insecurity And The Pattern Of
Trade: An Empirical Investigation,” The Review of Economics and Statistics, May
2002, 84 (2), 342-352.

Anderson, James E. and Eric van Wincoop, “Gravity with Gravitas: A Solution
to the Border Puzzle,” American Economic Review, 2003, 93 (1), 170-192.

_ and _ , “Trade Costs,” Journal of Economic Literature, 2004, 42 (3), 691-751.

_ and Yoto V. Yotov, “The Changing Incidence of Geography,” American Eco-
nomic Review, 2010, 100 (5), 2157-2186.

Anderson, James E. and Yoto V. Yotov, “Terms of Trade and Global Efficiency
Effects of Free Trade Agreements, 1990-2002,” Journal of International Economics,
2016, 99 (C), 279-298.

_ and Yoto Yotov, “Short Run Gravity,” Journal of International Economics,
2020, 126, September.

32



Anderson, James E., Ingo Borchert, Aaditya Mattoo, and Yoto V. Yotov,
“Modeling Services Trade, Trade Costs, Borders and Output,” Manuscript, 2015.

Anderson, James E., Ingo Borchert, Aaditya Mattoo, and Yoto V. Yotov,
“Dark costs, missing data: Shedding some light on services trade,” Furopean Eco-
nomic Review, 2018, 105 (C), 193-214.

_ , Mario Larch, and Yoto V. Yotov, “GEPPML: General equilibrium analysis
with PPML,” The World Economy, October 2018, 41 (10), 2750-2782.

_, _,and _ , “Trade and investment in the global economy: A multi-country
dynamic analysis,” European Economic Review, 2019, 120 (C).

Anderson, James E, Mario Larch, and Yoto V Yotov, “Transitional Growth

and Trade with Frictions: A Structural Estimation Framework,” Economic Journal,
2020, 130 (630), 1583-1607.

Anderson, James E., Mykyta Vesselovsky, and Yoto V. Yotov, “Gravity with
Scale Economies,” Journal of International Economics, 2016, 100, 174—193.

Arkolakis, Costas, “Market Penetration Costs and the New Consumers Margin in
International Trade,” Journal of Political Economy, 2010, 118 (6), 1151-1199.

_ , Arnaud Costinot, and Andrés Rodriguez-Clare, “New Trade Models, Same
Old Gains?,” American Economic Review, 2012, 102 (1), 94-130.

Arvis, Jean-Francois and Ben Shepherd, “The Poisson Quasi-Maximum Like-
lihood Estimator: A Solution to the “Adding up” Problem in Gravity Models,”
Applied Economics Letters, April 2013, 20 (6), 515-519.

Backus, David K., Patrick J. Kehoe, and Finn E. Kydland, “Dynamics of the
Trade Balance and the Terms of Trade: the J-curve,” American Economic Review,
1994, 84 (1), 84-103.

Baier, Scott L., Amanda Kerr, and Yoto V. Yotov, “Gravity, distance, and
international trade,” in Bruce A. Blonigen and Wesley W. Wilson, eds., Handbook

of International Trade and Transportation, Chapters, Edward Elgar Publishing,
2018, chapter 2, pp. 15-78.

Baier, Scott L. and Jeffrey H. Bergstrand, “The Growth of World Trade: Tariffs,
Transport Costs, and Income Similarity,” Journal of International Economics, 2001,
53 (1), 1-27.

and _ , “Do Free Trade Agreements Actually Increase Members’ International
Trade?,” Journal of International Economics, 2007, 71 (1), 72-95.

33



_ and _ , “Bonus Vetus OLS: A Simple Method for Approximating International
Trade-cost Effects using the Gravity Equation,” Journal of International Eco-
nomics, 2009, 77 (1), 77-85.

Baier, Scott L., Jeffrey H. Bergstrand, and Matthew W. Clance, “Het-
erogeneous effects of economic integration agreements,” Journal of Development
Economics, 2018, 135 (C), 587-608.

_, _ , and Michael Feng, “Economic integration agreements and the margins of
international trade,” Journal of International Economics, 2014, 93 (2), 339-350.

—, Yoto V. Yotov, and Thomas Zylkin, “On the Widely Differing Effects of Free
Trade Agreements: Lessons from Twenty Years of Trade Integration,” Journal of
International Economics, 2019, 116, 206-226.

Baldwin, R.E. and D. Taglioni, “Gravity for Dummies and Dummies for Gravity
Equations,” NBER Working Paper No. 12516, 2006.

Baldwin, Richard and Jonathan I. Dingel, “Telemigration and Development: On
the Offshorability of Teleworkable Jobs,” NBER Working Papers 29387, National
Bureau of Economic Research, Inc October 2021.

Baldwin, Richard E., Towards an integrated Furope, London : Centre for Economic
Policy Research, 1994.

Balistreri, Edward J. and Russell H. Hillberry, “Structural Estimation and the
Border Puzzle,” Journal of International Economics, 2007, 72 (2), 451-463.

Benassy-Quere, Agnes, Lionel Fontagne, and Amina Lahreche-Revil, “How
Does FDI React to Corporate Taxation?,” International Tax and Public Finance,
September 2005, 12 (5), 583-603.

Bensassi, Sami and Inmaculada Martinez-Zarzoso, “How Costly is Modern
Maritime Piracy to the International Community?,” Review of International Eco-
nomics, November 2012, 20 (5), 869-883.

Benzarti, Youssef and Alisa Tazhitdinova, “Do Value-Added Taxes Affect Inter-
national Trade Flows? Evidence from 30 Years of Tax Reforms,” Technical Report
2021.

Bergstrand, Jeffrey H., “The Gravity Equation in International Trade: Some
Microeconomic Foundations and Empirical Evidence,” Review of Economics and
Statistics, 1985, 67 (3), 474-481.

_, “The Generalized Gravity Equation, Monopolistic Competition, and the Factor-
Proportions Theory of Trade,” Review of Economics and Statistics, 1989, 71 (1),
143-53.

34



Bergstrand, Jeffrey H, “The Heckscher-Ohlin-Samuelson Model, the Linder Hy-
pothesis and the Determinants of Bilateral Intra-industry Trade,” Economic Jour-
nal, December 1990, 100 (403), 1216-1229.

Bergstrand, Jeffrey H., Understanding Globalization Through the Lens of Gravity,
World Scientific Publishing Company, 2019.

Bergstrand, Jeffrey H. and P. Egger, “A Knowledge-and-Physical-Capital Model
of International Trade Flows, Foreign Direct Investment, and Multinational Enter-
prises,” Journal of International Economics, 2007, 78 (2), 278-308.

Bergstrand, Jeffrey H. and Peter Egger, “Gravity Equations and Economic Fric-
tions in the World Economy,” Chapter 17 in the Palgrave Handbook of International
Trade, Palgrave Macmillan, 2011, pp. 532-570.

Bergstrand, Jeffrey H., Mario Larch, and Yoto V. Yotov, “Economic Inte-
gration Agreements, Border Effects, and Distance Elasticities in the Gravity Equa-
tion,” Furopean Economic Review, 2015, 78, 307-327.

Beverelli, Cosimo, Alexander Keck, Mario Larch, and Yoto Yotov, “Insti-
tutions, Trade and Development: A Quantitative Analysis,” School of Economics
Working Paper Series 2018-3, LeBow College of Business, Drexel University Febru-
ary 2018.

Bhavnani, Rikhil, Natalia T. Tamirisa, Arvind Subramanian, and David T.
Coe, “The Missing Globalization Puzzle,” IMF Working Papers 2002/171, Inter-
national Monetary Fund October 2002.

Boehm, Christoph E, Andrei A Levchenko, and Nitya Pandalai-Nayar, “The
Long and Short (Run) of Trade Elasticities,” Technical Report, National Bureau of
Economic Research 2020.

Borchert, Ingo, Mario Larch, Serge Shikher, and Yoto Yotov, “The Inter-
national Trade and Production Database for Estimation (ITPD-E),” International
Economics, https://doi.org/10.1016/j.inteco.2020.08.001, 2020.

_y 4, _—, and _, “Disaggregated Gravity: Benchmark Estimates and
Stylized Facts from a New Database,” Review of International FEconomics,
https://doi.org/10.1111 /roie. 12555, 2021.

Breinich, Holger, Harald Fadinger, Volker Nocke, and Nicolas Schutz,
“Gravity With Granularity,” CRC TR 224 Discussion Paper Series, University of
Bonn and University of Mannheim, Germany November 2020.

Broda, C., J. Greenfield, and D. Weinstein, “From Groundnuts to Globalization:
A Structural Estimate of Trade and Growth,” NBER Working Paper No. 12512,
2006.

35



Broda, Christian and David E. Weinstein, “Globalization and the Gains from
Variety,” Quarterly Journal of Economics, 2006, 121 (2), 541-585.

Caliendo, Lorenzo and Fernando Parro, “Estimates of the Trade and Welfare
Effects of NAFTA,” Review of Economic Studies, 2015, 82 (1), 1-44.

_ , Maximiliano Dvorkin, and Fernando Parro, “Trade and Labor Market Dy-
namics: General Equilibrium Analysis of the China Trade Shock,” Econometrica,
May 2019, 87 (3), 741-835.

Campbell, Douglas L., “Estimating the Impact of Currency Unions on Trade:
Solving the Glick and Rose Puzzle,” The World Economy, October 2013, 36 (10),
1278-1293.

Carrére, Céline, Monika Mrazova, and J Peter Neary, “Gravity Without
Apology: the Science of Elasticities, Distance and Trade,” Economic Journal, 2020,
130 (628), 880-910.

Chaney, Thomas, “Distorted Gravity: The Intensive and Extensive Margins of
International Trade,” American Economic Review, 2008, 98 (4), 1707-1721.

_, “The Network Structure of International Trade,” American Economic Review,
2014, 104 (11), 3600-34.

Chen, Natalie and Dennis Novy, “Currency Unions, Trade, and Heterogeneity,”
CEPR Discussion Papers 12954, C.E.P.R. Discussion Papers May 2018.

_ and _ , “Gravity and Heterogeneous Trade Cost Elasticities,” CEPR Discussion
Papers 16318, C.E.P.R. Discussion Papers July 2021.

Chor, Davin, “Unpacking sources of comparative advantage: A quantitative ap-
proach,” Journal of International Economics, November 2010, 82 (2), 152-167.

Correia, Sergio, Paulo Guimaraes, and Tom Zylkin, “Fast Poisson estimation
with high-dimensional fixed effects,” Stata Journal, March 2020, 20 (1), 95-115.

Costinot, Arnaud and Andrés Rodriguez-Clare, “Trade Theory with Numbers:
Quantifying the Consequences of Globalization,” Chapter 4 in the Handbook of In-
ternational Economics Vol. 4, eds. Gita Gopinath, Elhanan Helpman, and Kenneth
S. Rogoft, Elsevier Ltd., Oxford, 2014.

_ , Dave Donaldson, and Ivana Komunjer, “What Goods Do Countries Trade?
A Quantitative Exploration of Ricardo’s Ideas,” Review of Economic Studies, 2012,
79 (2), 581-608.

36



Coughlin, Cletus C. and Dennis Novy, “Estimating Border Effects: The Impact
Of Spatial Aggregation,” International Economic Review, November 2021, 62 (4),
1453-1487.

Cunat, Alejandro and Robert Zymek, “The (Structural) Gravity of Epidemics,”
CESifo Working Paper Series 8295, CESifo 2020.

Dai, Mian, Yoto V. Yotov, and Thomas Zylkin, “On the Trade-diversion Effects
of Free Trade Agreements,” Fconomics Letters, 2014, 122 (2), 321-325.

Davis, Donald R. and David E. Weinstein, “The Mystery of the Excess Trade
(Balances),” American Economic Review, May 2002, 92 (2), 170-174.

De Benedictis, Luca and Daria Taglioni, “The Gravity Model in International
Trade,” chapter 4 in Luca De Benedictis and Luca Salvatici (Ed.), The Trade
Impact of Furopean Union Preferencial Policies, 2011, Springer.

_ , Roberta De Santis, and Claudio Vicarelli, “Hub-and-Spoke or else? Free
trade agreements in the ’enlarged’ European Union,” Furopean Journal of Com-
parative Economics, December 2005, 2 (2), 245-260.

de Sousa, José, “The currency union effect on trade is decreasing over time,” E'co-
nomics Letters, 2012, 117 (3), 917-920.

Deardorff, Alan, “Testing trade theories and predicting trade flows,” in R. W. Jones
and P. B. Kenen, eds., Handbook of International Economics, 1 ed., Vol. 1, Elsevier,
1984, chapter 10, pp. 467-517.

_, “Determinants of Bilateral Trade: Does Gravity Work in a Neoclassical World?,”
in “The Regionalization of the World Economy” NBER Chapters, National Bureau
of Economic Research, Inc, May 1998, pp. 7-32.

Dimitrova, Boryana V., Daniel Korschun, and Yoto V. Yotov, “When and

how country reputation stimulates export volume,” International Marketing Re-
view, 2017, 84 (3), 377-402.

Disdier, A.-C. and K. Head, “The Puzzling Persistence of the Distance Effect on
Bilateral Trade,” Review of Economics and Statistics, 2008, 90 (1), 37-48.

Dix-Carneiro, Rafael, Joao Paulo Pessoa, Ricardo M. Reyes-Heroles, and
Sharon Traiberman, “Globalization, Trade Imbalances and Labor Market Ad-
justment,” NBER Working Papers, National Bureau of Economic Research, Inc
January 2021.

Dutt, Pushan, Ana Maria Santacreu, and Daniel A. Traca, “The Gravity of
Experience,” Forthcoming, Canadian Journal of Economics 2020.

37



Eaton, Jonathan and Samuel Kortum, “Technology, Geography and Trade,”
Econometrica, 2002, 70 (5), 1741-1779.

_ and Tamura Akiko, “Bilateralism and Regionalism in Japanese and U.S. Trade
and Direct Foreign Investment Patterns,” Journal of the Japanese and International
Economies, December 1994, 8§ (4), 478-510.

_ , Samuel Kortum, B. Neiman, and J. Romalis, “Trade and the Global Re-
cession,” American Economic Review, 2016, 106 (11), 3401-38.

Egger, Peter and Michael Pfaffermayr, “The proper panel econometric specifica-
tion of the gravity equation: A three-way model with bilateral interaction effects,”
Empirical Economics, July 2003, 28 (3), 571-580.

Egger, Peter and Sergey Nigai, “Structural Gravity with Dummies Only,” CEPR
Discussion Paper No. DP10427, 2015.

Egger, Peter H. and Filip Tarlea, “Multi-way clustering estimation of standard
errors in gravity models,” Fconomics Letters, 2015, 18/ (C), 144-147.

_ and _ , “Comparing Apples to Apples: Estimating Consistent Partial Effects of
Preferential Economic Integration Agreements,” Economica, April 2021, 88 (350),
456-473.

_ , Mario Larch, and Yoto V. Yotov, “Gravity Estimations with Interval Data:
Revisiting the Impact of Free Trade Agreements,” Fconomica, January 2022, 89
(353), 44-61.

Egger, Peter, Mario Larch, and Kevin E. Staub, “Trade Preferences and Bilat-
eral Trade in Goods and Services: A Structural Approach,” CEPR Working Paper
No. 9051, 2012.

_,_,_,and Rainer Winkelmann, “The Trade Effects of Endogenous Prefer-

ential Trade Agreements,” American Economic Journal: Economic Policy, 2011, 38
(3), 113-143.

Egger, Peter, Mario Larch, Sergey Nigai, and Yoto Yotov, “Trade costs in the
global economy: Measurement, aggregation and decomposition,” WTO Staff Work-
ing Papers ERSD-2021-2, World Trade Organization (WTO), Economic Research
and Statistics Division 2021.

Eichengreen, Barry and Douglas A. Irwin, “The Role of History in Bilateral
Trade Flows,” in “The Regionalization of the World Economy” NBER Chapters,
National Bureau of Economic Research, Inc, 1998, pp. 33-62.

38



Eicher, Theo and Christian Henn, “In Search of WTO Trade Effects: Pref-
erential Trade Agreements Promote Trade Strongly, But Unevenly,” Journal of
International Economics, 2011, 83 (2), 137-153.

Esteve-Pérez, Silviano, Salvador Gil-Pareja, and Rafael Llorca-Vivero,
“Does the GATT/WTO promote trade? After all, Rose was right,” Review of
World Economics (Weltwirtschaftliches Archiv), May 2020, 156 (2), 377-405.

Fajgelbaum, Pablo D. and Amit K. Khandelwal, “Measuring the Unequal
Gains from Trade,” The Quarterly Journal of Economics, 2016, 131 (3), 1113-1180.

Fally, Thibault, “Structural Gravity and Fixed Effects,” Journal of International
Economics, 2015, 97 (1), 76-85.

Feenstra, R.C., Maurice Obstfeld, and Katheryn N. Russ,
“In Search of the Armington Elasticity,” available for download at
http://www.econ.ucdavis.edu/faculty /knruss /FOR_6-1-2012.pdf, 2012.

Feenstra, Robert C., Advanced International Trade: Theory and FEvidence, Prince-
ton, New Jersey: Princeton University Press, 2004.

Feenstra, Robert C, Philip Luck, Maurice Obstfeld, and Katheryn N Russ,
“In search of the Armington elasticity,” Review of Economics and Statistics, 2018,
100 (1), 135-150.

Felbermayr, Gabriel and Yoto V. Yotov, “From theory to policy with gravitas:

A solution to the mystery of the excess trade balances,” European Economic Review,
2021, 159 (C).

Fieler, Ana Cecilia, “Nonhomotheticity and Bilateral Trade: Evidence and a Quan-
titative Explanation,” Econometrica, 2011, 79 (4), 1069-1101.

Fontagne, Lionel, Friedrich Von Kirchbach, and Mondher Mimouni, “An
Assessment of Environmentally-related Non-tariff Measures,” The World Economy,
October 2005, 28 (10), 1417-1439.

Fontagné, Lionel Gérard, Houssein Guimbard, and Gianluca Orefice,
“Product-Level Trade Elasticities: Worth Weighting For,” CESifo Working Paper
Series 8491, CESifo 2020.

Frankel, J.A. and D. Romer, “Does Trade Cause Growth?,” American Economic
Review, 1999, 89 (3), 379-399.

Freeman, Rebecca, Mario Larch, Angelos Theodorakopoulos, and Yoto
Yotov, “Unlocking New Methods to Estimate Country-specific Trade Costs and
Trade Elasticities,” School of Economics Working Paper Series 2021-17, LeBow
College of Business, Drexel University November 2021.

39



Garfinkel, Michelle, Constantinos Syropoulos, and Thomas Zylkin, “Pru-
dence versus Predation and the Gains from Trade,” School of Economics Working
Paper Series 2020-6, LeBow College of Business, Drexel University April 2020.

Gil-Pareja, Salvador, Rafael Llorca-Vivero, and Jordi Paniagua, “Trade law
and trade flows,” The World Economy, March 2020, 43 (3), 681-704.

Giri, Rahul, Kei-Mu Yi, and Hakan Yilmazkuday, “Gains from trade: Does
sectoral heterogeneity matter?,” Journal of International Economics, 2021, 129 (C).

Glick, Reuven and Andrew K. Rose, “Does a currency union affect trade? The
time-series evidence,” Furopean Economic Review, 2002, 46 (6), 1125-1151.

_ and _ , “Currency unions and trade: A post-EMU reassessment,” European FEco-
nomic Review, 2016, 87 (C), 78-91.

Guiso, Luigi, Paola Sapienza, and Luigi Zingales, “Cultural Biases in Economic
Exchange?,” The Quarterly Journal of Economics, 2009, 124 (3), 1095-1131.

Gurevich, Tamara and Peter Herman, “The Dynamic Gravity Dataset: 1948-
2016,” 2018. USITC Working Paper 2018-02-A.

_, _ , Farid Toubal, and Yoto Yotov, “One Nation, One Language? Domestic
Language Diversity, Trade and Welfare,” School of Economics Working Paper Series
2021-8, LeBow College of Business, Drexel University January 2021.

Head, Keith and John Ries, “Do trade missions increase trade?,” Canadian Jour-
nal of Economics, August 2010, 43 (3), 754-775.

Head, Keith and Thierry Mayer, “Gravity Equations: Workhorse, Toolkit, and
Cookbook,” Chapter 3 in the Handbook of International Economics Vol. 4, eds.
Gita Gopinath, Elhanan Helpman, and Kenneth S. Rogoff, Elsevier Ltd., Oxford,
2014.

Head, Keith, Thierry Mayer, and John Ries, “The erosion of colonial trade
linkages after independence,” Journal of International Economics, May 2010, 81
(1), 1-14.

Heathcote, J.H. and F. Perri, “Financial Autarky and International Business
Cycles,” Journal of Monetary Economics, 2002, 49 (3), 601-627.

Heckman, James J., Lance J. Lochner, and Petra E. Todd, “Fifty Years of
Mincer Earnings Regressions,” NBER Working Papers 9732, National Bureau of
Economic Research, Inc May 2003.

Heid, Benedikt and Frank Stahler, “Structural Gravity and the Gains from Trade
under Imperfect Competition,” CESifo Working Paper Series 8121, CESifo 2020.

40



_ and Mario Larch, “Gravity with Unemployment,” Journal of International Eco-
nomics, 2016, 101, 70-85.

_, —, and Yoto V. Yotov, “A Simple Method to Estimate the Effects of Non-
discriminatory Trade Policy within Structural Gravity Models,” Canadian Journal
of Economics, 2021, March.

Helpman, Elhanan, Oleg Itskhoki, and Stephen Redding, “Wages, Unem-
ployment and Inequality with Heterogeneous Firms and Workers,” NBER Working
Paper No. 14122, 2008.

Henderson, Daniel J. and Daniel L. Millimet, “Is gravity linear?,” Journal of
Applied Econometrics, 2008, 23 (2), 137-172.

Hillberry, Russell and David Hummels, “Intranational Home Bias: Some Expla-
nations,” The Review of Economics and Statistics, November 2003, 85 (4), 1089—
1092.

and _ , “Trade Elasticity Parameters for a Computable General Equilibrium
Model,” in Peter B. Dixon and Dale Jorgenson, eds., Handbook of Computable Gen-
eral Equilibrium Modeling, Vol. 1 of Handbook of Computable General Equilibrium
Modeling, Elsevier, 2013, pp. 1213-12609.

Hufbauer, Gary C. and Barbara Oegg, “The Impact of Economic Sanctions on
US Trade: Andrew Rose’s Gravity Model,” Peterson Institute for International
Economics, 2003.

Hummels, David, “Toward a Geography of Trade Costs,” unpublished manuscript,
2001.

Krugman, Paul, Development, Geography, and Economic Theory, Vol. 1 of MIT
Press Books, The MIT Press, 1997.

Krugman, Paul R., “Scale Economies, Product Differentiation, and the Pattern of
Trade,” American Economic Review, 1980, 70 (5), 950-959.

Larch, Mario and Joschka Wanner, “Carbon tariffs: An analysis of the trade,
welfare, and emission effects,” Journal of International Economics, 2017, 109 (C),
195-213.

_ and Yoto V. Yotov, “Estimating the Gravity Model of Trade: Lessons From 60
Years of Theory and Applications,” Unpublished Manuscript, Bayreuth and Drexel
2021.

_ , Joschka Wanner, Yoto V. Yotov, and Thomas Zylkin, “Currency Unions
and Trade: A PPML Re-assessment with High-dimensional Fixed Effects,” Oxford
Bulletin of Economics and Statistics, June 2019, 81 (3), 487-510.

41



_ , José-Antonio Monteiro, Roberta Piermartini, and Yoto Yotov, “On the
Effects of GATT/WTO Membership on Trade: They are Positive and Large After
AllL” School of Economics Working Paper Series 2019-4, LeBow College of Business,
Drexel University May 2019.

Leamer, Edward E. and J. Levinsohn, “International Trade Theory: The Evi-
dence,” Chapter 26 in the Handbook of International Economics Vol. 3, eds. Gene
M. Grossman and Kenneth S. Rogoff, Elsevier Ltd., Oxford, 1995, 3, 1339-1394.

Lemieux, Thomas, “The 'Mincer equation’ Thirty Years after Schooling, Experi-
ence, and Earnings,” Springer: New York 127-145, in Jacob Mincer: A Pioneer of
Modern Labor Economics, Shoshanna Grossbard, ed. 2006.

Linnemann, Hans, An Econometric Study of International Trade Flows, Amster-
dam: North-Holland Publishing, 1966.

Martin, William and Cong S. Pham, “Estimating the gravity model when zero
trade flows are frequent and economically determined,” Applied Economics, 2020,
52 (26), 2766-2779.

Mayer, T. and S. Zignago, “Notes on CEPII’s Distances Measures: the GeoDist
Database,” CEPII Working Paper No. 2011-25, 2011.

McCallum, John, “National Borders Matter,” American Economic Review, 1995,
85 (3), 615-623.

Melitz, Jacques and Farid Toubal, “Native Language, Spoken Language, Trans-
lation and Trade,” Journal of International Economics, 2014, 93 (2), 351-363.

Melitz, Marc J., “The Impact of Trade on Intra-Industry Reallocations and Aggre-
gate Industry Productivity,” Econometrica, 2003, 71 (6), 1695-1725.

Micco, Alejandro, Ernesto H. Stein, and Guillermo Luis Ordonez, “The
Currency Union Effect on Trade: Early Evidence from EMU,” Research Depart-
ment Publications 4339, Inter-American Development Bank, Research Department
July 2003.

Mincer, Jacob, Schooling, Experience and Farnings, New York: National Bureau
of Economic Research, 1974.

Niedercorn, John H. and Josef D. Moorehead, “The commodity flow gravity
model : A theoretical reassessment,” Regional and Urban Economics, June 1974, 4
(1), 69-75.

Novy, Dennis, “Gravity Redux: Measuring International Trade Costs With Panel
Data,” Economic Inquiry, 2013, 51 (1), 101-121.

42



_, “International Trade without CES: Estimating Translog Gravity,” Journal of In-
ternational Economics, 2013, 89 (2), 271-282.

Oberhofer, Harald, Michael Pfaffermayr, and Richard Sellner, “Revisiting
time as a trade barrier: Evidence from a panel structural gravity model,” Review
of International Economics, November 2021, 29 (5), 1382-1417.

Olivero, Maria Pia and Yoto V. Yotov, “Dynamic Gravity: Endogenous Country
Size and Asset Accumulation,” Canadian Journal of Economics, 2012, 45 (1), 64—
92.

Paniagua, Jordi, “A gravity model for foreign re-investment,” Economics Bulletin,
2015, 35 (1), 627-632.

Pfaffermayr, Michael, “Constrained Poisson pseudo maximum likelihood estima-
tion of structural gravity models,” International Economics, 2020, 161 (C), 188—
198.

Poot, Jacques, Omoniyi Alimi, Michael P. Cameron, and David C. Mara4,

“The gravity model of migration: the successful comeback of an ageing superstar in
regional science,” INVESTIGACIONES REGIONALES - Journal of REGIONAL
RESEARCH, 2016, pp. 63-86.

Poyhonen, P., “A tentative model for the volume of trade between countries,”
Weltwirtschaftliches Archiv, 1963, 90 (1).

Pulliainen, K., “A World Trade Study: An Econometric Model of the Patterns of the
Commodity Flows in International Trade in 1948-1960," Ekonomiska Samfundets
Tidskrift, 1963, 16 (2).

Ramondo, Natalia, Andrés Rodriguez-Clare, and Milagro Saborio-
Rodriguez, “Trade, Domestic Frictions, and Scale Effects,” American Economic

Review, 2016, 106 (10), 3159-3184.

Ravenstein, Ernest George, “The Laws of Migration: Part 1,” Journal of the
Statistical Society of London, 1885, 48 (2), 167-235.

Ravikumar, B., Ana Maria Santacreu, and Michael Sposi, “Capital accumu-

lation and dynamic gains from trade,” Journal of International Economics, 2019,
119 (C), 93-110.

Redding, S. and A. Venables, “Economic Geography and International Inequal-
ity,” Journal of International Economic, 2004, 62 (1), 53-82.

Redding, Stephen J., “Theories of Heterogeneous Firms and Trade,” Annual Re-
view of Economics, September 2011, 3 (1), 77-105.

43



Reyes-Heroles, Ricardo, “The Role of Trade Costs in the Surge of Trade Imbal-
ances,” 2017 Meeting Papers, Society for Economic Dynamics 2017.

Rose, Andrew K., “One money, one market: the effect of common currencies on
trade,” Economic Policy, 2000, 15 (30), 08-45.

Rose, Andrew K., “Do We Really Know That the WTO Increases Trade?,” Amer-
ican Economic Review, 2004, 94 (1), 98-114.

Rose, Andrew K. and Eric van Wincoop, “National Money as a Barrier to
International Trade: The Real Case for Currency Union,” American Economic
Review, May 2001, 91 (2), 386-390.

Ruhl, Kim J., “The International Elasticity Puzzle,” unpublished manuscript, avail-
able for download at http://www.kimjruhl.com/, 2008.

Santos Silva, J.M.C. and Silvana Tenreyro, “The Log of Gravity,” Review of
Economics and Statistics, 2006, 88 (4), 641-658.

Santos Silva, J.M.C. and Silvana Tenreyro, “The Log of Gravity At 15,” School
of Economics Discussion Papers 0121, School of Economics, University of Surrey
January 2021.

Savage, I. Richard and Karl W. Deutsch, “A Statistical Model of the Gross
Analysis of Transaction Flows,” Econometrica, 1960, 28 (3), 551-572.

Schneider, Georg, Frank Stahler, and Georg Thunecke, “The (Non-)Neutrality
of Value Added Taxation,” Technical Report, Unpublished Manuscript 2021.

Sforza, Alessandro and Marina Steininger, “Globalization in the Time of Covid-
19,7 CESifo Working Paper Series 8184, CESifo 2020.

Shikher, Serge, “Predicting the Effects of NAFTA: Now We Can Do It Better!,”
Journal of International and Global Economic Studies, 2014, 5 (2), 32-59.

Simonovska, Ina and Michael E. Waugh, “The elasticity of trade: Estimates
and evidence,” Journal of International Economics, 2014, 92 (1), 34-50.

Soderbery, Anson, “Estimating import supply and demand elasticities: Analysis
and implications,” Journal of International Economics, 2015, 96 (1), 1-17.

Stewart, John Q., “Demographic Gravitation: Evidence and Applications,” So-
ciometry, 1948, 11 (1/2), 31-58.

Subramanian, Arvind and Shang-Jin Wei, “The WTO Promotes Trade,
Strongly But Unevenly,” Journal of International Economics, 2007, 72 (1), 151-175.

44



Teti, Feodora, “30 Years of Trade Policy: Evidence from 5.7 Billion Tariffs,” ifo
Working Paper Series 334, ifo Institute - Leibniz Institute for Economic Research
at the University of Munich 2020.

Tinbergen, Jan, Shaping the World Economy: Suggestions for an International
Economic Policy, New York: The Twentieth Century Fund, 1962.

Waugh, Michael E., “International Trade and Income Differences,” American Eco-
nomic Review, 2010, 100 (5), 2093-2124.

Weidner, Martin and Thomas Zylkin, “Bias and consistency in three-way gravity
models,” Journal of International Economics, 2021, 132 (C).

Yotov, Yoto, “The Variation of Gravity within Countries,” School of Economics
Working Paper Series 2021-12, LeBow College of Business, Drexel University April
2021.

Yotov, Yoto V., “A Simple Solution to the Distance Puzzle in International Trade,”
Economics Letters, 2012, 117 (3), 794-798.

_, Roberta Piermartini, José-Antonio Monteiro, and Mario Larch, An
Advanced Guide to Trade Policy Analysis: The Structural Gravity Model, Geneva:
UNCTAD and WTO, 2016.

Zimmermann, C., “International Real Business Cycles among Heterogeneous Coun-
tries,” Furopean Economic Review, 1997, /1 (2), 319-356.

45



	Yotov gravity at sixty rev.pdf
	Introduction 
	The Evolution of Gravity: A Literature Review
	Naive Gravity: The People's Choice
	Structural Gravity: All Roads Lead to ... Gravity
	Estimating Gravity ... with Gravitas
	CGE Gravity: An Estimating-CGE Model 
	Nested Gravity: The Sky Is the Limit 
	Gravity Is Endless Fun
	References

	9584abstract.pdf
	Abstract




